CategoricalDatabaseGeneralizationinGIS
Liu Yaolin

Q0d009li''4329''

Promotors:
Prof.Dr. Ir.M.Molenaar,
Professor ofSpatial DataAcquisition andGeoinformatics,
International InstituteforGeo-Information Science andEarth Observation
Enschede,TheNetherlands andWageningen University,
The Netherlands
Prof.Dr.M.J.Kraak,
Professor ofCartographyandVisualization andGeoinformatics,
International Institute forGeo-Information Science andEarth Observation
Enschede,TheNetherlands andUtrecht University,
The Netherlands

Examining
Committee:
Prof.Dr.Ir.AStein,Wageningen University
Prof.Dr.F.J.Ormeling ,Utrecht University
Prof.Dr.H.F.L. Ottens,Utrecht University
Prof.Dr.Ir.P.J.M.vanOosterom,Delft UniversityofTechnology

iifolm,^^

Liu Yaolin

Categorical Database Generalization inGIS

Thesis
Tofulfill therequirements for thedegreeof doctor
onthe authorityof therector magnificus
of Wageningen University
Prof.Dr.Ir.L.Speelman
tobepublicly defended
onWednesday 8th May2002
at2.00hours intheauditorium of International Institute for Geo-Information
Science and Earth Observation, Enschede,The Netherlands

m Hbi

Doctoral Thesis (2002)
Wageningen University
The Netherlands

©2002Liu Yaolin
ISBN 90-5808-648-8

Dissertation number 88
International Institutefor Geo-information Science andEarth Observation

Theresearch presented inthisthesis wasperformed at
International Institute for Geo-information ScienceandEarth Observation
P.O.Box,6
7500 AAEnschede,
The Netherlands

fjuonof,

3/9"J.

Propositions
1. Constraints in database generalization provide steering parameters that govern or guide
thetransformation process ofthedatabase.
- This thesis
2. Constraints on geo-spatial model define the new classification hierarchy and
aggregation hierarchy associated with a target categorical database, constraints on
objects specify the requirements of the geometric and thematic properties of the objects
in the target database and constraints on relationships maintain the spatial and semantic
relations between objects and between object types. Such three types of constraints
play akey role intheprocess oflandusedatabase generalization.
- This thesis
3. Transformation units are basic for analysis, processing and decision-making in the
context of spatial database transformation. Each type of transformation unit identifies
regions of clustered spatial objects and triggers specific aggregation operations. Thus
they limitthenumber ofspatial objects tobeprocessed
-Thisthesis
4. The integrated and extended version of FDS elaborated in this thesis, called IEFDS, is
essential for organizing spatial data, for analyzing and querying spatial relations, for
detecting spatial conflicts, for creating transformation units, and for aggregating
operations inthe context ofspatial database generalization.
-Thisthesis
5. Geo-information infrastructure not only plays a very important role in achieving "e"government administration, but also acts as a very important means of realizing honest
government affairs.
6. Learning advanced science and technology, experience and culture from foreigners isa
very important and indispensable approach to speeding up the social progress and
economic development, especially for developing country.
7. Man is born not to solve the problems of the universe, but to find out where the
problem begins,and thentorestrainhimself withinthe limits ofthe comprehensible.
-JohannGoethe
8. The Chinese proverbs: "take measures suited to local conditions", "do what is suited to
the occasion" and "guide a matter along its course of development" are suited for
database generalization likewise.

ToYanfang and Xingjian
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Abstract
Liu Yaolin,2002.Categorical Database Generalization inGIS. PhDDissertation. Wageningen
University, The Netherlands.
Categorical databases are widely used in GIS for different kinds of application, analysis,
planning, evaluation and management. Database generalization that derives different resolution
databases from asingle database with more detail isoneof thekey research problems and ahot
research point in the GIS and Cartography field. This dissertation presents a framework for
categorical database generalization in GIS. It includes defining conceptual aspects of current
categorical database generalization transformation and constraints for generalization
transformation, elaboration on supporting data structure and transformation units, development
ofauxiliary analysismethods,anddemonstration of someapplication examples.
Database generalization is considered as a transformation process. Three kinds of
transformation are defined based on the characteristics of categorical database and categorical
database generalization. They are geo-spatial model transformation, object transformation and
relation transformation. Each transformation has acertain function and deals with some aspects
of database. Geo-spatial transformation is mainly used to define the content framework of a
new database and decide the theme of a new database. Object transformation and relation
transformation deal with transformations of thematic and geometric aspects of objects and
relationship between objects from anexisting database toanewdatabase.
Database generalization (transformation) requires a data structure that strongly supports data
organization, spatial analysis and decision-making in adatabase. The design of adata structure
should take two functions into account. One provides the basis for describing and organizing
spatial objects and therelationships between them, andthe otherisfor analyzing and supporting
operations on spatial objects. This thesis introduces the IEFDS, an integrated and extended
version of FDS, as a data model to support automated database generalization transformation.
The addition to FDS is triangles. The triangles and their classification are proposed based on
constituent properties of triangles in IEFDS which plays an important role in the extended
adjacent and inclusion relations and extracting the skeleton line. Some examples of spatial
query operations that make useof the extended adjacent relation and semantictriangles arealso
provided inthisthesis.
In a categorical database, similarity between object types can be described by a similarity
measure. The similarity is application-dependent. In a sense, the similarity will control and
guidedatabase transformation operations.The similarity evaluation model and similarity matrix
areproposed for analyzing and representing similarity between objects and object types in this
studywhich isbased on Set-theory, classification and aggregation hierarchy.
The constraints such as transformation conditions play a key role in the process of database

Abstract
generalization. Constraints can be used toidentify conflicting areas,guide choices of operations
and trigger operations as well as govern the database generalization. The processes of
generalization should be performed by a series of operations under the control of constraints.
Three types of constraints, data model, object and relationships based on an object-oriented
database are proposed in landuse database generalization. These constraints can be specified
interactively by users and varied to reflect different objectives or purposes. These types of
constraints are application-dependent. This will make the database generalization process very
flexible/adaptive, and thedecision-making canbebased on geographic meaning and not simply
onthegeometry of an object.
An important element proposed in this study is the transformation unit. It is an important
process unit as many generalization problems need to be solved by considering a subset of
related objects as a whole,rather than treating them individually. In a sense, the transformation
unit is abasic analysis, processing, decision-making unit and a trigger to aggregation operation
processes and it plays an important role in database transformation. The conflicted objects and
its (their) related objects are organized into a transformation unit. A transformation unit that
"brings together" a subset of objects can be created by conflicts in thematic and /or geometric
aspects of objects or spatial relation among objects or integrating them. The main purpose of
creating a transformation unit is for the preparation of an aggregation operation. It limits the
area and number of a set of related objects in an aggregation operation. The different conflict
types will create different types of transformation units. For this study, four types of
transformation units are considered based on the constraints discussed. Each of which has a
corresponding aggregation operation.
The auxiliary analysis methods (algorithms) are needed to actually perform spatial analysis and
transformations. The most fundamental tasks are to identify where to generalize, how to
generalize, and when to generalize. The thesis introduces a number of auxiliary analysis
methods that have been developed to solve a number of important geometric and thematic
problems in database transformation. These auxiliary analysis methods include semantic
similarity matrix, computing a model of similarity, detection and creation of transformation
units, area object aggregation analysis and the process based on transformation units, multineighborhood, object cluster andcreation of catchments hierarchyetc.
Such examples of the application are included in the thesis as object cluster, land use
aggregation and automated organization of hierarchical catchments. The application examples
demonstrate the applicability and benefits of the IEFDS and similarity evaluation model.These
supporting models play a key role in organizing thematic and geometric data, spatial analysis
and spatial query in database generalization. It also proved that a lot of critical geometric and
thematicproblems indatabase generalization canbe solved, orcan besolved inamore efficient
way,withthe support of anadequatedata model.

Abstract
Key words: Categorical database, categorical database generalization, Formal data structure,
constraints, transformation unit, classification hierarchy, aggregation hierarchy, semantic
similarity, data model,Delaunaytriangulation network, semantic similarityevaluation model.

SAMENVATTING
Liu Yaolin, 2002, Thematische database generalisatie in GIS. Doctoraal proefschrift.
Wageningen Universiteit,Nederland
Thematische databases, zoals een database voor grondgebruik, worden binnen GIS wijd
verbreid gebruikt voor allerlei toepassingen, analyses, planning, evaluaties en management.
Database generalisatie is momenteel een van de aandachtsvelden in GIS en kartografisch
onderzoek. Via database generalisatie worden vanuit een enkele database meerdere lagere
resolutie databases aangemaakt. Dit proefschrift biedt een kader voor database generalisatie in
GIS. Het omvat de definitie van conceptuele aspecten van database generalisatie,
randvoorwaarden voor generalisatie transformaties, de uitwerking van een gegevensstructuur
ter ondersteuning van de transformatie-eenheden en aanvullende analyse methoden. Viaenkele
voorbeelden wordt deaanpakgei'llustreerd.
Database generalisatie wordt beschouwd als een transformatieproces. Op basis van de
karakteristieken van de thematische database en het generalisatieproces worden drie typen
transformaties gedefinieerd. Het betreft de ruimtelijke modeltransformatie, de
objecttransformatie enderelatietransformatie. Elketransformatie heeft eeneigen functie binnen
het totale generalisatieproces en heeft betrekking op een bepaald deel van de database. De
ruimtelijk modeltransformatie wordt gebruikt om het inhoudelijk kader van de nieuwe database
te definieren en geeft ook het onderwerp van de database aan. De objecttransformatie en de
relatietransformatie hebben betrekking op de geometrische en thematische aspecten van
objecten enhunonderlingerelaties.
Database generalisatie vereist een ondersteunende gegevensstructuur ten behoeve van de
interne organisatie, specifiek ruimtelijke analyse operaties om dejuiste beslissingen tijdens het
generalisatieproces te kunnen nemen. Bij het ontwerp van de gegevensstructuur is met twee
factoren rekening gehouden. De eerste vormt de basis voor de beschrijving en organisatie van
de objecten en hun onderlinge relaties en de tweede dient voor de analyse en ondersteunende
operaties op de ruimtelijke objecten. Het proefschrift introduceert in dit kader de IUFDS, een
gei'ntegreerde uitgebreide formele data structuur als gegevensmodel ter ondersteuning van
geautomatiseerde database generalisatie transformaties. De uitbreiding van de FDS is de
driehoek. De driehoeken en hun eigenschappen spelen een belangrijke rol in nabijheids- in
omsluitingsrelaties en de extractie van hardlijnen. Enkele voorbeelden waarin bovengenoemde
eigenschappen spelen, worden behandeld.
Ineen thematischedatabasekandesimilariteittussen objecttypen worden omschreven dooreen
similariteitsmaat. Similariteit is toepassingsonafhankelijk. In zekere zin ishet de similariteit die
de databases operaties controleert en stuurt. Een similariteitsevaluatiemodel en een
similariteitsmatrix worden in deze studie voorgesteld ter analyse en representatie van
similariteit tussen objecten en objecttypen. Beiden zijn gebaseerd op de set-theorie, op
classificatie enaggregatie.

De randvoorwaarden bij de transformatie spelen een sleutelrol in het proces van de database
generalisatie. De randvoorwaarden kunnen gebruikt worden om conflictgebieden te
identificeren, en vervolgens kunnen zehelpen bij het kiezen van dejuiste operatie en deze zelfs
initieren om de generalisatie sturen. Met andere woorden het generalisatieproces wordt
uitgevoerd door een aantal operaties onder controle van de randvoorwaarden. Drie typen
randvoorwaarden, gerelateerd aan het gegevensmodel, het object en de onderlinge relatie
gebaseerd op een object-georienteerde database, worden gei'ntroduceerd. Deze
randvoorwaarden kunnen interactief door de gebruiker worden gevarieerd, afhankelijk van de
verschillende doelstellingen van het generalisatieproces. De drie randvoorwaarden zijn
toepassingsonafhankelijk. Dit maakt het generalisatieproces flexibel en aanpasbaar aan de
omstandigheden, gebaseerd op de geografische betekenis van de objecten en niet alleen op de
geometrieof attribuutwaarden vaneen object.
Een belangrijk onderdeel dat in dit werk wordt voorgesteld is de transformatie-eenheid. Deze
heeft een belangrijke functie tijdens het oplossen van generalisatieproblemen, daar de te
bewerken objecten vaak als een onderdeel van een groter geheel beschouwd dienen te worden
en de objecten niet op individuele basis behandeld kunnen worden. Detransformatie-eenheid is
de basis voor de analyse, de verwerking en beslissingen, initieert aggregatieoperaties en is als
zodanig van groot belang tijdens de database generalisatie. De objecten en mogelijk
gerelateerde objecten waar zich tijdens het generalisatieproces conflicten kunnen voordoen
worden georganiseerd in transformatie-eenheden. De conflicten die tot de vorming van de
transformatie-eenheden leiden kunnen van verschillende de aard zijn. Het kunnen de attributen,
de geometrie of zelfs de onderlinge ruimtelijke relaties zijn die tot een conflict leiden.
Hoofddoel van de aanmaak van transformatie-eenheden is de voorbereiding tot de
aggregatieoperatie. Opdeze manierworden het aantal objecten en het gebied tijdens de operatie
beperkt. Afhankelijk vande aard van deconflicten zullen verschillende transformatie-eenheden
worden gevormd. Tijdens deze studie worden vier transformatie-eenheden beschouwd,
gebaseerd op de eerder genoemde randvoorwaarden. Elk resulteert in een eigen bijbehorende
aggregatieoperatie.
De aanvullende analyse methoden (algoritmen) zijn nodig om de uiteindelijke specifieke
analyse operaties en transformaties uit te voeren. De meest fundamentele taken hebben
betrekking opproblemen als het identificeren waar degeneralisatie nodig is,hoeditte doen en
wanneer tegeneraliseren. De in het proefschrift gei'ntroduceerde aanvullende methoden, helpen
bij het oplossen van een aantal belangrijk geometrische en thematische problemen tijdens de
database transformatie. Ze omvatten onder andere de semantische similariteitsmatrix, een
model om similariteit te berekenen, het opsporen en aanmaken van de transformatie-eenheden,
vlakobjecten aggregatie analyse in relatie tot de transformatie-eenheden, debuurrelaties, object
clusteringetc.
Voorbeelden van toepassingen die in het proefschrift behandeld worden, zijn grondgebruik
aggregatie en de automatische organisatie van hierarchische stroomgebieden. De voorbeelden
uit de toepassingen laten zien wat de mogelijkheden en voordelen zijn van de IUFDS en het
evolutionaire similariteitsmodel. Deze ondersteunende modellen spelen een sleutelrol tijdens de

database generalisatie. Het toont bovendien aan dat een aantal cmciale geometrische en
thematische problemen onderkend in database generalisatie opgelost kunnen worden of op een
meer efficiente wijze aangepakt kunnen worden wanneer ondersteund door een geschikt
gegevensmodel.
Trefwoorden:
thematische database, thematische database generalisatie, formele
gegevensstructuur. randvoorwaarden, transformatie-eenheden,
classificatiehierarchie,
aggregatie hierarchie, semantische similariteit, gegevensmodel, delauney triangulatie netwerk,
evolutionair semantische similariteitsmodel
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Chapter1
Introduction
One of the most prevalent trends in database application is the multi-use of an existing
database. GIS data are stored in a database at acertain resolution. But it is always required for
GIS to provide different resolution and different detail information in real applications.
Therefore, theproblem of how toderive lowerresolution geo-data from ahigher resolution geo
database hasbeenthe coreof current research.
Automated generalization has been one of the most challenging issues in the digital map
environment during the last three decades. With widespread and profound application of GIS,
the GIS community requires the possibility of navigating dynamically from one resolution to
another in order to derive or to update smaller scale maps or lower resolution database
effectively from ahigher resolution (more detail) for GIS applications and spatial data analysis
or mapping.Theemergence of the National Spatial Data Infrastructure (NSDI)inthepast years
(Goodchild, 1995)hasgiven itanewimportance.
After several decades of efforts, the achievement is still far from being satisfactory (Peng
1997). Generalization functionality is still severely lacking from today's GIS and digital
cartographic systems. It is apparent that the automation of the generalization process requires a
veryflexible methodology that is abletomake decisions based on geographic meaning (and not
simply the geometry of an object). Geographical meaning requires both detailed spatial
analytical techniques and constraint analysis in order to select and prioritize different
generalization methods, and to select among resulting candidate solutions (Ruas 1998). The
methods of generalization operations based on geographic meaning are still lacking now. Since
there is no scale-changing function, a separate database at fixed levels of scales (or level of
details) must be built for geographic data involving multiple scales. This approach results in
redundancy in data collection, reducing the flexibility of data use, and therefore, in increasing
expenditure of time, money and memory usage. Further, when a database of multiple but
separate levels of scales is updated, inaccuracies andinconsistencies mayeasilybe introduced.
1.1 NeedsforDatabase Generalization
Firstof alltherearesomeneeds interms of productsderived from ageographical database:
•

Deriving New Databasefor Spatial Analysis,Decision-making and Application
GIS data are stored in adatabase at acertain resolution. But itis always required for GISto
provide different resolution and different detail information for some applications. Different
applications have different requirements to a corresponding database. Suppose that we have
a detailed land use database from which the contents of the database for land management
and land evaluation at different levels can be derived. In order to manage land at a certain
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level or evaluate land use for a certain land use at a certain level, there is the need to
generalize thedetailed database.Thedatabase for land evaluation of course isdifferent from
the one for land management. Database generalization functions are crucial to the
development andderivation ofadatabase atmultiplelevels of resolution.
•

Visualization inGISandWeb.
Databasegeneralization improveshigher quality visualization inGISandWeb,not only for
aesthetic motivations, but also because the quality of visualization can dramatically
influence the understanding of geographic data based on the result of database
generalization (Burrogh,1998).

•

Database Generalization Preprocessing forMap Generalization
Simplifying information in the database is the main purpose of database generalization.
Geographic database generalization can be seen as apre-stage for amap generalization and
provides the basis for selection and representation of the contents of map. Map
generalization concerns mainly visualization of geo-information.

1.2 ProblemsAssociatedwithDatabase Generalization
Database generalization can be considered as the transformation of the content of a spatial
database from high resolution toa lower resolution terrain representation (Molenaar 1996).The
main objective of database transformation is to derive a new database with different (coarser)
spatial/thematic/temporal resolutions from existing database(s) with moredetail, for aparticular
application. Torealize the objective, several problems in thetransformation mustbetaken into
account.
•

Geo-spatialModel andIts Transformation
The real world is complex. It is not possible (and not necessary) for a spatial model to
accommodate all the aspects of the reality. A geo-spatial model is an abstraction of the
real world in the perspective of a particular field of interest. It specifies object types and
relationships among the object types in the context of a database. Abstraction translates
phenomena of the real world into instances of databases, by focusing only on relevant
aspects of these phenomena. Itplays an important role in database transformation. Hence,
before a database can be constructed, one has to determine what aspects of reality are
relevant to the application(s). In other words, the geo-spatial model must be specified.
This includes specifying types of objects, the relationships among them, and how they
should berepresented. Thedefining mechanism ofthis model still needsfurther research.
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Thus, a geographic database is defined by the generic spatial data model,together with the
specification of particular database content. A database is the instance of conceptual data
model. The emphasis is placed on representing features of a landscape, rather than the
graphicdisplayof thefeatures. Inthis aspect, wecan saythatdatabase generalization isthe
transformation from one data model of an existing database to another data model of a
generalized database based on the application purpose and requirements. This aspect needs
further research in database generalization. Before transforming an existing database to a
newdatabase, anewdatamodel associated withthenewdatabase mustbe defined.
For acategorical database, theconceptual datamodel of adatabase hasaclose relationship
with theclassification andaggregation hierarchy andtaxonomic system inapplication field.
The classification and aggregation hierarchies play an important role in linking the
definition of spatial objects at several scale levels ( Molenaar 1998,Peng 1997, Peng and
Tempfli 1996, Richardson 1993 and Smaalen 1996, Tang,A.,Adams,T. and Usery 1996.
Parent,C1998, Bo Su et al 1997) and the definition of spatial object types at several scale
levels.Thesehierarchies play an essential roleindefining theconceptual data modelof the
categorical database.
An adequate supporting conceptual data model is needed in database generalization. It
decides the main contents of the database and helps to comprehend the semantic relations
among the objects in a database, which is essential for spatial analysis and the
implementation of generalization operation.
•

ObjectTransformation andRelationsTransformation among objects

Geo-spatial model transformations deal with the preservation of the logical context of
objects and degree of detail (on the object type level). Transforming the objects and
relations among the objects from the existing database to a new database is the concrete
content of database transformation. The transformations of objects are involved with the
geometric and thematic properties of the objects. The transformations of relations include
spatial and semanticrelations.
In a sense, objects and relations among objects arethe concrete content of adatabase. An
object is an instance of an object type. When an existing data model is transformed into a
new data model, a set of object types which are included in an existing data model will be
replaced byaset of object types of anew data model.When object types arechanged, their
instances will be changed as well. This replacement will result in the transformation of
objects and relations in the existing database. Some objects in the existing database may
disappear or are merged or form new objects in the new database. The change in objects
will induce change in relations among the objects. For example, two spatial adjacent
objects with different attributes in an existing database will be merged to form a
homogeneous object, if attributes becomes the same. The adjacent relation between the
objects will disappear after theyhave merged.

Chapter1 Introduction
In the transformation of objects and relations among objects, spatial analysis and semantic
analysis play akey role. In asense, the result of semantic analysis decides the objects in a
database which will be aggregated and the operator (s) will be triggered to process the
aggregation of the objects. However relatively few research efforts have been devoted to
suchissues.
•

Transformation Conditions or Constraints
Database transformations are controlled by a set of conditions (depending on application
purpose and requirements), called constraints. These constraints govern, or guide the
transformation process of a database. Some definitions of constraints have been given by
Robinson et al (1985), Brassel and Weibel (1988), Weibel and Dutton, G.H.(1998)and
Ruas and Plazanet (1996), Ruas (1998) and Liu and Molenaar (2001). Beard (1991)
identifies types of constraints as graphic constraints, structure constraints, application
constraints and procedural constraints from the map generalization process point of view.
Weibel (1996) classifies the constraints into graphical, topological, structure, gestalt and
process constraints based on constraints governing map generalization. And Ruas (1998)
presents micro constraints, meso constraints and macro constraints according to the
geographic analysis method. The constraints and their classification are still lacking in
database generalization.
Before transformation, the constraints must be identified and classified. The constraints of
the transformation are involved in the aspects of the conceptual data model, spatial and
semanticproperties of objects andrelations among objects.

•

Transformation Operations
To transform a database from a high resolution to a low resolution, some operations are
needed. How many basic operations are needed or are rational in the database
generalization? Some researchers have discussed some operations in the map
generalization and database generalization from different points of view (Weibel
1992,1995, Langram 1991, Beard 1991, McMaster 1989, Molenaar, 1996, Peng 1996,
Marc 1999, Mackness 1992,1993,1994 and Mackness & Purvess 1999,Colodoven et al
1999, Edward, G 1994, Stell et al 1999). Peng (1997) presents 11operations according to
the rules of contents of selection, changing spatial and thematic resolution for objects and
object types. But it is obviously seen that there is some overlap between content-selection
and changing spatial and thematic resolution, which have a cause-result relationship.
Mackness (1994) gave 20operations in which only spatial conflict is considered. Ruas and
Langrange (1995)put forward 9operations basedonspatialconstraints.
Most spatial analysis operations in GIS work at the level of the generic data model rather
than the higher semantic level of a particular content specification. These generic
operations can be combined using rules and parameters to compile automatically a new
geographic database from existing information. For example, a simplified soils dataset
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could be compiled from a more detailed database by applying some geo-processing
operations. In this example, we have combined a thematic transformation (aggregated
classes) with topological andgeometric transformations (generalized border).
The classification of operations still lacks standardization. Operations to the object type
level and operations to the object level are quite different. Object types are at higher level
than objects inthedatabase inthe sense that theformer isatthedecision-making level and
the latter atthe operational level inthe process of building anew database.The operations
which will beintroduced inthedatabase generalization shouldreflect this characteristic.
•

Supporting Data Structure
In a large database, efficiency in storage and access to multi-scale and multiple
representation data as well as complex generalization operators need to be supported by
powerful data models and data structures. Such existing data models as the Delaunay
triangulation network (Delaunay 1934),Quad-tree (Samet, 1990),R-tree (Guttman, 1984),
and Formal Data Structure (Molenaar 1989, 1991,1995) are applied to support automated
generalization. Examples are available that applied some of these data structures and
algorithms to support automated generalization (e.g., the BLG-tree, GAPtree andreactive
data structure (Oosterom 1989,1995, Oosterom and Schenkelaars, 1996), Delaunay
triangulation network (G.L. Bundy, C.B. Jones 1995;C.B. Jones 1996 et al., Peng 1997,
Bouloucos, T. Kufoniyi and Molenaar 1990).However, research and development in this
area isstill atanearly stage and requires much more effort.
Data structure should have two functions in database generalization: support data
representation and data spatial analysis. The former has benefit from many years of
development in the fields of automated cartography and GIS, in contrast, analytical data
structurehashadlittleornoattention paidtoit.

•

Transformation Unit
Generally, only single geographical objects are represented in databases: one road, one
building,one lake,etc.However, for the characterization ofthe geographical space aswell
as for its generalization, operations are not only performed at the level of this simple
object. Some operations areperformed on groups of spatially organized objects, others are
performed onparts of an object.
The classification and description of geographic objects is central to the generalization
process. From a pragmatic point of view, we require meaningful ways of generalizing
objects whileretaining their distinguishing characteristics andtheir interdependencies with
other objects. We know that it is necessary to give priority to certain qualities and
characteristics that define the object being represented. Their description is a prerequisite
to this abstraction process. The idea of a filter template in image processing will be
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borrowed to define a transformation unit. In the image process, 3x3 and 5x5 will get
different results if these two templates are used for the same image since they have
different size and different constituent elements. Even the same size filter with different
constituent elements applied to the same dataset will also result in a different processing
result.
The geographic transformation unit is devised to manage groups of objects. The challenge
is in deciding the most appropriate level at which objects are clustered. It is important that
when considering the clustering of objects, we not only consider it at the geometric level
but also at the semantic and topological level. A transformation unit can also be complex
collections of other transformation units. It is important to stress that the composition of
these units may vary- perhaps driven by the thematic intent, or the intended resolution
transition and that one element or the unit might contribute/ be part of more than one of
other units
Precisely how these transformation units might be formalized or prescribed is an important
part of the research and is critical tothe success of applying the agent paradigm inthe map
generalization process. It is therefore apparent that we need to define transformation units
intermsof theiroverall tasks and theresolution dependent natureof their activities.
Based on previous considerations, database transformation should include conceptual data
model transformations, object transformations and relationship transformations. These
transformations are controlled or governed by a set of constraints and implemented by a set of
operations.
1.3 Brief Review ofRelated Research
The review of related research concentrates on two aspects. One is from the research time and
contents.Theotherisfrom theforms of generalization.
•

Fromthe Timeand Research Content PointofView
Over thelast thirty yearsthedevelopment of digital generalization hasgone through several
stages. From the 1960's to the early 1970's, it focused on algorithm development which
emphasized individual object simplification in geometry aiming at linear features. Quite
often with the goal of compacting and cleaning the data which was being digitized. The
famous Douglas' algorithm has thus been introduced under the title "algorithm for
reduction of the number of points required to represent a digitized line or its caricature"
(Douglasand Peucker 1973).
From the middle 1970's to the middle 1980's, the research still kept a focus on geometry.
As it is impossible to design any general algorithm for simplification, several studies have
been conducted, with the goal of assessing the applicability of algorithms, either by
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quantifying the effects of the algorithms (McMaster 1987; Muller J.C. 1987, 1988), or by
characterizing thegeometry of features (Buttenfield 1986, 1987, 1989).
From the middle 1980's to the middle 1990's, the research has set out to address several
aspects which are relevant to a more comprehensive solution of generalization. Various
conceptual models of the generalization process were developed (Brassel and Weibel,
1988; McMaster and Shea 1989) which may help to guide research on more concrete
problems. The research on generalization operators and the developments of specific
algorithms form the core of activities.The field hasbeen dominated by graphic orientation.
The approaches developed have usually been limited to single object, such as the methods
for simplification and smoothing of linear features in an isolated fashion (Mcmaster 1987)
with few notable exception (Nickerson 1986), conceptual framework of generalization
(Brassel and Weibel 1988; MullerJ.C, 1990,a991 and 1992; Nickerson 1991;Shea 1991;
Kilpelainenl992, Offerman 1993), and data modeling (Muller 1991;Nyerger 1991;Mark
1991). The use of expert systems in generalization ( S.F. Keller, 1995, M.Heisser et al
1995, R.B. McMaster, Hardy, 2001) is limited by developing a set of rules that would be
largeenough toforesee all situations thatcould occur.
From the middle of 1990's to the present, research has been characterized bythe following
aspects: morecomplex operators such asdisplacement, merging and amalgamation, aswell
as the interrelationship between operators (Ruas 1997, Mackanness 1995); Some authors
have discussed constraints in map generalization, such as Weibel and Dutton 1998, Beat
and Weibel 1999,Beard 1991, Ruas 1998, 1999etc.Inthecontext of map generalization,a
constraint canbedefined as adesign specification towhich thesolutions toageneralization
problem should adhere (Weibel and Dutton 1998, Papadias et al 1997 ). Several authors
also discussed the role of constraints in map generalization and have tried to classify the
constraints.There is need for supporting datastructure ingeneralization (G.L.Bundy,C.B.
Jones and E. Furse, 1995;C.B, Jones et al 1995; P. van, Oosterom 1995 ,1998; Liu and
Molenaar 1999,2001).Utilizing agent based on methodologies inordertoprovide solutions
in autonomous map generalization is mentioned by some authors (Sylvie Lamy and Anne
Ruas 1999, Celice Duchene et al 2001,Mathieu Barrault, 2001). The geographical entities
have been designed as agents.The geographical agents aredescribed by a set of characters
that constrain the generalization operation, either because they should trigger the
generalization (e.g. the size of a building, when too small), or because they could be
damaged by the generalization (e.g. the global shape, the positional accuracy). The aim of
the agent is to satisfy as much aspossible all its constraints. Model-oriented generalization
and database generalization research has been paid more and more attention to. Examples
include Muller 1991; Rochardson 1993; Muler et al. 1995; Weibel, 1995; Peng and
Molenaar, 1996;Van Smaalen, 1996;Peng and Tempfli, 1996; Peng, 1997. This is due to
the rising awareness that many processes at the earth's surface can only be monitored and
managed if they are understood in their geographical context. The monitoring and
management of such processes requires the information at different scale levels (Molenaar
1996). Research in database generalization has largely focused on developing solutions for
specific problems, in particular, the objective and scope, the requirement and problems.
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The advent of the object-oriented paradigm therefore opens up new strategies for
generalization (Buttenfield 1995, Tryfona, N. 1996). These apply particularly to single
datasets used for multiple products, but also for maintaining a series of related but distinct
datasets (Kilpelainen 1995,and 1997,Harrie 1998,ESRI,2000).
•

FromtheFormPoint ofView
Forms of generalization be categorized into two types. One is map generalization which
emphasizes resolution, symbol conflicts, visual quality, readability and aesthetics, and the
other isdatabase generalization ormodel generalization which focuses moreonthe content,
completeness, and accuracy of the derived data, although both database generalization and
cartographic generalization reducedata complexity.

1.4 ObjectivesoftheResearch
This study mainly focuses on categorical database generalization inGIS and intends to provide
a method to perform meaningful generalization procedures. The main objectives of this study
aredirectly related totheproblems discussed above.
Themain objectives of this studyare:
•
•

Identify the problems associated with database generalization considering objects in their
spatial context;
Develop aconceptual framework for categorical database inthe context of GIS, based ona
related object-oriented approach andclassification and aggregation hierarchies;

•

Select and enhance a supporting data model which is used to structure, classify, encode
data and identify the relevant entities, their attributes as well asthe relations between them
for model generalization;

•

Design astrategyfor categorical database generalization;

•

Design algorithms for categorical database generalization;

•

Demonstrate the capability of the designed methods by means of the application of the
proposed methodtaking asubset ofthedatabase asacase study;

1.5 Scopeofthe Research
This study will be limited to model generalization in the context of GIS, and it will focus
specifically on categorical database in GIS. This is not only a need for clear definitions of
individual object, composite object, and the relationships among the features, but also a need
for geo-spatial models that express the relationships among the features and that act as driver

Chapter1Introduction
and constraint for automatic feature extract database. The main scope of the research is listed
below:
Review of database generalization aspects;
Design of suitable object-oriented data model and generalization operations;
Automatic organization of hierarchical catchments areafrom database;
Automatic generalization of land usedatabase;
Similarity evaluation model;
Constraint system for database generalization;
Integration FDSwithconstrained Delaunaytriangulation network.
1.6 Methodology
This research will follow the approach Formal Data Structure to organize spatial data and use
constrained Delaunay triangulation network to analyze and measure spatial data; Define a new
geo-spatial model associated with thetarget database todecide thecontents of the new database
based on the application requirements and the existing geo-spatial model; Build constraints and
semantic similarity as control factors in database generalization which guide the generalization
processes. The divide-and-conquer approach will also be used in implementation strategy of
generalization according to transformation units which limit the range of objects to be
processed inaprocess.
1.7 Structure ofthisthesis
This thesis consists of eight chapters which are divided into four parts. Part one includes the
introduction, elaboration of the theoretical foundations and analysis of the status and prospects
of the database generalization, contributed by chapter 1,2 and 3. The second part reports the
design phase of data structure and algorithm for database generalization. This part comprises
chapter 4, 5and 6.The third part focuses onthe implementation and testing phase indicated by
chapter 7.Itdemonstrates how the design inthe secondpart came intopractice and explains the
operations for the database. Finally chapter 8,referring tothe conclusion, summarizes the most
important achievements ofthethesis.
Chapter 1discusses the need for database generalization, defines the scope of the thesis ,gives
a brief review of previous work with respect to the defined scope, which leads to the
identification of theremaining problems andtheobjectives of the research.
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Chapter 2 reviews the important fundamental concepts in categorical database generalization
for this research and also defines the terminology used in the thesis. The review follows the
conceptual framework of database generalization and summarizes such relations as metric,
order and topologic relations. The semantic relation and classification and aggregation
hierarchy, relation changeand roles in database generalization have alsobeen discussed.
Chapter 3 presents the contents of categorical database generalization transformation, the
formalization of classification hierarchy and aggregation hierarchy, the forms and contents of
geo-spatial model transformation, object transformation and relation transformation, operations
of transformation andthe framework of database generalization.
Chapter 4 formulates the aspects of constraints in database generalization and systematically
proposes the framework of constraints and operations in database generalization. Data mode
constraints, object constraints and relation constraints are constructed for the system of
constraints in database generalization, and the transformation unit concept is alsointroduced in
this chapter.
Chapter 5analyzesformal data structure and Delaunaytriangulations network, an important and
powerful data structure in computational geometry, to support developing algorithms for
handling the following important geometric problems. In this chapter, an object-oriented and
topological data model, the IEFDS, is introduced and later enhanced for handling spatial
adjacent relationships and inclusion relationships among objects disconnected from each other.
Examples of some of the most common spatial query operation in automated generalization are
also put forward.
Chapter 6introduces such algorithms ascreation of transformation units based on thematic and
geometric aspects of objects as well as spatial relation among objects, object aggregation based
on different types of transformation units, automated organization of hierarchical catchmentsof
river systems etc. The concept of multi-neighborhood based on constrained Delaunay
triangulation is proposed. The computing model of semantic similarity among object types is
alsopresented inthis chapter.
Chapter 7 demonstrates how the supporting data model, operations and algorithms etc can be
applied inthecontext of categorical database generalization such asland use generalization.
Chapter 8 summarizes the research work and concludes the major findings of the research and
makes recommendations for future research.
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Chapter2
Basicsfor CategoricalDatabase Generalization
2.1 Introduction
There are two types of generalizations that have different purposes. One is database
generalization which is used as a tool to produce a derived database for spatial analysis and
decision-making; and the other is cartographic generalization which is traditionally used as a
tool to produce maps at smaller scales. Categorical database generalization is in the context of
databases generalization. This chapter reviews concepts fundamental to database generalization
and deals withbasicsfor categorical database generalization bylooking into relevantfields.The
main aim is to lay the theoretical foundation for defining concepts, establishing framework,
analysis andimplementation ofcategorical database generalization.
2.2 Abstractionof Reality
The real world corresponds to a set of reality that is of interest. An abstraction is a simplified
description of reality. A good abstraction is that information significant to the user is
emphasized, and details that are immaterial or diversionary, at least for the time being, are
suppressed. Modeling is one method of abstraction. It attempts to define the real phenomena
through objects and their relationships and constraints. Thereal world can be described only in
terms of models which delineate the concepts and procedures needed to translate real world
observations into data that are meaningful in GIS. Modeling is the core of an information
system. The most desirable way of dealing with real world (geographical) phenomena is to
model them as they exist in reality. Therefore, the closer a data model represents real-world
phenomena, the morecomprehensive itis.In other words,all applications arelooking for adata
model that is able to provide a better and more authentic perception of the real-world.
Traditionally, maps are produced as an underlying concept which is 'A two dimensional
graphic image which shows the location of things in relation to the earth's surface at a given
time '(Keates 1989).
Peuquet (1984) defined four levels of abstraction. In figure 2.1 the last three views of the data
correspond tothe major steps involved in database design andimplementation (Peuquet, 1984).
Pilouk (1996) elaborated on the process of abstraction proposed by Peuquet by introducing the
construction phase. Molenaar (1995) proposed the involvement of various disciplines while
modeling reality. The core of these approaches, i.e., in a conceptual, logical and physical level
design,isbased onANSI/SPAPCarchitecture for the abstraction ofreality.
•

Conceptual data models provide easy to perceive high-level concepts. At this level,
components of reality are defined as an object, attributes and relationships in a more
abstract form. Forexample,abuildingwouldberepresented byanareaorapoint feature.
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•

Logical data models bridge the gap between conceptual data models and physical data
models. At this level, the design of a data structure for representing objects and
relationships aredealt with.Themost important implementation data models are relational,
network, hierarchical andobject-oriented (OO)data models

•

Physical data models provide low-level concepts to describe how data is stored and
accessed inthecomputer.Atthephysical level,data arestored onhardware.

View 1 {External Schema)

Figure2.1 DataModel

View 2(External Schema)

View 3(External Schema)

Figure2.2 Three Schemaarchitectureof adatabase

The conceptual data models, logical data models, and physical data models are relevant at
different stages indatabase design.Figure 2.2exhibits themain steps indatabase design.
There is nodata modeling that can claim to be a 100%representation of reality, due to the fact
there are several levels of modeling this reality. Information is lost because of abstracting from
one level to another, or because of the concepts, definition and semantics used in different
disciplines andindifferent societiesfor the samephenomenon or application. Adatabase canbe
considered as a model of the reality and is the model in a digital form. It is assumed that one
canbuild adatabaseofasetofrealityonlyif oneknowshowtodescribeitwithwords.
Data models provide concepts to describe the structure and contents of a database. This goal is
similar to that of data types inprogramming languages that describe data within programs. The
description of the structureandcontentsof adatabaseisreferred toasthedatabase schema.The
database schema is different from the data itself that populates the database. The data in a
database ataparticular point intimeisreferred toasdatabase instance (ordatabasestate).
There are three levels used for describing the database contents of database schemas.They are
theinternal level,theconceptual level andtheexternal level.
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•

At the conceptual level, the conceptual schema of a database system describes the logical
structure oftheentire setof data inaparticular application environment.

•

At the external level, the view schema describes how users or a group of users view those
parts of the database they need for their tasks. Views can be used to restrict access to a
database; they determine, read, write, insert, delete and provide protection for a database.
The distinction between the conceptual schema and the external schema provides logical
data independence.

•

At the internal level, the physical schema (or Internal schema) describes how data are
actually stored ondisk.Thephysical level isinvisible toapplication programs which access
the databasethrough theconceptual schema orexternal schema. Itcanbemodified without
changingtheconceptual schema.

2.3 Spatial Objects,Spatial RelationsandSemantic Relations
Spatial object, spatial relation and semantic relation areimportant concepts inGIS.
2.3.1

Spatial Objects

A spatial object is the representation of a real world object that contains both thematic and
geometric information and is normally represented in a database by means of an "object
identifier" with associated thematic and geometric data.Molenaar (1995)presents twoprinciple
structures for linking thematic and geometric data. The first structure is the field approach,
which considers the earth's surface as a spatial (-temporal) continuum. Several terrain aspects
are represented in the form of attributes and the values of these attributes are considered to be
position dependent. The representation of such a field in a geo-database requires that the
continuum is described in the form of points or finite cells often in a regular grid or raster
format. The attribute values are then evaluated for each point or cell. This structure has been
represented inFigure2.3.
The second structure of object oriented approach assumes that terrain features or objects can be
defined as ones which each have a location or position and a shape and several non-geometric
characteristics. These objects are represented in a database by means of an identifier to which
thethematicdata andthegeometric dataarelinked, asinFigure2.3.
The geometry of a spatial object can be described using a raster structure or vector structure
(see Figure 2.4). The vector structure and the object-oriented structure approach are the ones
adopted inthis study.
Based onthe complexity of spatial objects, theycanbedivided intotwotypes of objects. Oneis
theelementaryobject andtheother isthecomposite object.

13
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•Thematic data

Figure2.3 Object structured data organization
(after Molenaar 1998)

Figure2.4 Twogeometric structures
for spatialobjects (after Molenaar 1998)

2.3.1.1 Definition ofObjects
Elementary Object
It is the most basic unit from the point of object-oriented view. The definition and the
identification of elementary objects in adatabase depend mainlyon four factors:
•

Application discipline;

•

User context;

•

Aggregation level orscaleorresolution;

•

Classification level.

Oneach level,different elementary objects arerelevant. Elementary objects at onelevel maybe
aggregates ofelementary objects atanother level (Molenaar, 1996, 1998).
Composite Object
A composite object is built from elementary objects that belong to different elementary object
types (see Figure 2.5) (Molenaar, 1998, Husing, J. 1993) . This means that the elementary
objects are the constituents of composite objects. Similar to elementary objects, composite
objects atonelevel maybeaggregates of composite objects at anotherlevel.

14
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Attribute valueand
composite attribute values

attribute values

Figure2.5 Structure for composite objects
(after Molenaar 1998)

2.3.1.2 Definition ofObjectTypes
Object Type
Object types are classes of spatial entities that have a common pattern of both state and
behavior in a geo-spatial model within the framework of an application (see Figure 2.6). In
reality, they may be a road, river, city, land use and so forth. For brevity, a definition for a
particular entity class is called an entity type, also sometimes called a concept type (Sowa
1984). Figure2.7 showstheobject typeand superobject type structure of objects.

Super object type
Object type

l

o

^

Attribute list

Object type
Object

•

f

Attribute \alues

Ht

S u p e r o b j e c t t y p e a t t r i b u t e list

I

Super object type attribute values
a n d a t t r i b u t e list

J
Super object type attribute values
and attribute values

Figure 2.6 Object type structure ofobjects
(after Molenaar 1998)

F i g u r e 2.7

object type and super-object type
structure of objects
(after Molenaar 1998)

Elementary Object Type
It is an abstraction that represents a class of similar elementary objects. The elementary object
type in turn may be organized into super object types and so on. An elementary object is an
instance of some elementary object type. Elementary object types together with the
classification and aggregation hierarchies are important aspects in semantic data modeling and
play acritical roleindefining theconcept of database generalization (Molenaar 1996).
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Composite ObjectType
It is also an abstraction that represents agroup of similar composite objects. An instance of the
composite-object-type is referred to as a composite-object. A composite-type can be the
elementary-type of another (super) composite-type. For example, object type Farm is a
combination of the types Yard and Field. In other words, Yard is part of Farm, and so is the
Field.
2.3.2 Spatial Relations
The spatial relation refers to the relations between spatial objects (simple or complex). These
relations can be described using aquantitative and qualitative approach. They can therefore, be
measured through two major approaches based on geo-metric information and non-metric
information. Thevarietyof spatial relationscan begrouped intothree different categories:
•

topological relations which areinvariant undertopological transformation ofthe reference
objects (Egenhofer 1989,Egenhofer andHerring 1990,Egenhofer and Farnzosa.D.R,1991,
Egenhofer and and SharmaJ. 1993,Egenhofer and Clementini,E.and Felice,P 1994);

•

metricrelations interms of distance anddirections;

•

relationsconcerning thepartial and total orderof spatial objects (Kainz 1990).

2.3.2.1 Topological Relation
Topological relations are spatial relations that are preserved under such transformations as
rotation, scaling and rubber sheeting. The model for binarytopological relations isbased onthe
usual concepts of point-set topology with open and closed sets (Alexandroff 1961). The
definition of binary topological relations between two point sets, A and B, by the set
intersections of A's interior (A°), boundary (d A), and exterior (A~) with the interior,
boundary, and exterior of B, called the 9-intersection. The 9-intersection model is a
comprehensive model for binary topological spatial relations and applies to objects of type,
area,line,andpoint (Egenhofer and Herring 1990).
r

dAndB

i(A,B)= A° ndB
A~ ndB

dAnB°

dAnB'^

A° nB°

A° n f i "

A' n f i °

A" nB~

By considering the values empty (0) or non-empty (1), the model distinguishes 512 different
topological relations between two point sets, some of which cannot be realized, depending on
the dimensions of the objects and the dimensions of their embedding space. For a simple line
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(1-dimensional, non-branching, without self-intersections) and region (2-dimensional, simply
connected, no holes) embedded in R , nineteen relations are referred to by their line-region
(LR) number, which is the conversion of the first two rows in the intersection matrix from a
binary number into adecimal number. Thebottom row isignored intheLR number, because it
2

always produces three 1's for linerelations inR .
Figure2.8 shows 8topological relationsandtheir corresponding 9-intersection matrix.
M eel

B

A

B

A (
B

B

rA

-0

Figure2.8 Exampleof 8topological relationsbetween regions

2.3.2.2 SpatialMetric Relation
Spatial metric relations are defined in metric space. Metric space can be defined as:let Mbea
non-empty set and f: MxM-> R a function, the metric on M is called a metric space (M,f)
subject tothefollowing conditions:
•

d(x,y)=0 O x=y;distance from xtoyiszero;

•

d(x,y)—0;distance from xto yisgreater orequaltozero;

•

d(x,y)<I>d(y,x);distance from xtoyisequal todistance from ytox;

•

d(x,y)+d(y,z) —d(x,z)distance from xto yplusdistance from ytozisgreater than orequal
tothedistancefrom xtoz.

where R is the set of all real numbers. R" is a Cartesian metric. d(x,y) is called the distance
function for M and M could be referred to as metric space (Moise, 1977). Basic relations
regardingdistance, direction andlocationcouldbeaddressed usingmetricspace.
17
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InEuclidean space,wecandefine thedistance between twopoints xand y as:

D((x,,x2,...xll),(y1,y2,...,y(I))=

£(x,.

-y,)

2.3.2.3 Distance Relation
Distance relation reflects the distance between two objects. The distances are quantitative
values determined through measurements or calculated from known coordinates of two objects
in some reference system. Humans, however, frequently use approximations and qualitative
notions such as near or far when reasoning about distance. Objects range from having no
distance between them, zero, to being very close, to close, and then far based on increasing
buffer distances. The actual definitions of these distances have been investigated elsewhere
(Hong 1994;Hernandez etal, 1995,Donna,J,Peuquet,Q.and Zhan X. 1987,Frank A.U. 1996)).
Approximate distances are mapped onto quantitative distance using fuzzy sets (Dutta 1988,
1990) or mutually exclusive distance intervals or increasing ratio (Hong 1994).Reasoning with
approximate distances, however, onlyprovides meaningful results in conjunction with direction
reasoning.
2.3.2.4 Direction Relation
Directions describe, qualitatively, the orientation between spatial objects (Frank A.U.1991,1992
and 1996).Mostprevious work defines directions usingeither object projections (Sharma 1996,
Papadias D.and Egenhofen 1997) or centrods (Hernandez 1994). Each approach has its own
advantages and shortcomings for a detailed discussion (Frank A.U. 1996).The set of cardinal
direction relationscanbeexpressedas following:
A={NorthEast, North,North West,West, SouthWest, South, SouthEast, East}.
2.3.2.5 Order Relation
Arelation on a set is an ordering relation if it is reflexive, anti-symmetric, and transitive. An
example of arelation is set inclusion. Aset S with a binary < is called apartially ordered set
(orposet) (S, <), if for everyA, BandCinS.
•

ifAincludesA,thenAiscontained initself (A<A) (reflexivity);

•

ifAincludes B,and BincludesA,thenAisequaltoB (A<Band B<A =>A=B)
(anti-symmetric);

•

if B includes A and C includes B, then C includes AS(A<B and B < C => A<C)
(transitive)
18
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2.3.3Semantic Relations
The hierarchy can be constructed by attribute structure, function, and order of objects etc in
some applications. Semantic relations refer to the relations between object types (simple or
complex).The variety of semantic relations can be grouped into three different categories: Is-a,
Part-of andMember-of relation.
2.3.3.1 Is-a Relation
An IS-A relationship is used to establish super object type and sub object type relationships.
That means one object type can be derived form another object type. The sub object type
inherits the properties of the super object type. But the sub object type can define its own
additional properties, which arenotproperties of thesuperobject type.
2.3.3.2

Part-of Relation

APart-of relationship isusedtoestablish ahigher orderobject type and lowerorderobject type
relationship. That means that a higher object type can be formed by lower object types that
belong to a different classification hierarchy. The higher order object type may inherit the
attributefrom thelowerobject types.
2.3.3.3

Member-of Relation

A Member-of relationship is used to establish an object and associations of an object type
relationship. That means that a given object can be part of several associations of the same
object type.There areno need to be m:l relation between agiven object and an associations of
aobject type.Theymaybeof m:nrelationsbetween them.
2.4

Hierarchy

Hierarchy isoneof the major conceptual mechanisms to model theworld.The ideaistodeduce
knowledge at the highest (coarsest) level of detail in order to reduce the amount of facts taken
into consideration. Too much detail may not be helpful for analyzing the spatial distribution
pattern of naturalphenomenon ordecision-making or meeting therequirements of application.
2.4.1 TwoImportant TypesofHierarchical Structure in Categorical Database
Generalization
Welooked indetail attwofunctions producing twodifferent types of hierarchies: classification
hierarchy and aggregation hierarchy. They play the key role in categorical database
generalization. The classification hierarchy defines how classes relate to more generic super
classes. The aggregation hierarchy is built by the rules which are involved with the thematic,
geometric and spatialrelation aspects of spatial objects .
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2.4.1.1 Classification Hierarchy
Object types and super-types can be organized into a hierarchical structure called classification
hierarchy (Smith and Smith, 1977; Thompson, 1989; Hughes, 1991; Molenaar, 1993).
Classification hierarchy describes the relationship between object types and their generic superobject types. This hierarchical structure reflects a certain aspect of data abstraction. The terms
sub object type and super-object type characterize generalization and refer to object types which
are related by an is-a relation. The converse relation of super object type, the sub object type,
describes a specialization of super object type. Classification hierarchy may have an arbitrary
number of levels in which a sub object type has the role of a super object type for another, more
specific object type.
It is important to note that super object type and sub object type are different abstraction levels
for each object of their common extension. For instance, assuming Irrigated paddy field is a
super-type of types Rice and Maize as shown in Figure 2.9. A model associated with a database
that employs the type Irrigated paddy field as an elementary object type is usually less complex
than another model that employs the types Rice and Maize as elementary object types.
However, these two models have some inherent relationship due to the Is-a relationship
between object types irrigated paddy field (Rice and Maize).

Landuse

L4

L3

Pasture

4
L2

-*vv*.
Irrigatedpaddy

/AV
LI

Transportation

Cultivatedland

Rice

Maize

Irrigatedland

Wood

Slashes ...

*5fVX
Cotton Sugar-cane DeciduousConiferous

Figure 2.9 Example of classification hierarchy
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Characteristics of Classification Hierarchy:
Classification hierarchy states explicitly which classes can be generalized to which generic
classes.This can be visualized as ahierarchy of classes with the most generic classes atthe top
level. The classification hierarchy is not only very important in building a new database or
eorganizing data in the existing database, but also in deriving aggregation hierarchy and
constraints. It has the following characteristics which are helpful for defining the constraints,
easoning and decision-making process indatabase generalization:
Classification hierarchy has atop-down character inthe sense that each step down through
thehierarchy gives anextension of theattribute structures for terrain objects;
Eachobject typehasitsown attribute structure;
Theintension of object typecan beexpressed byacondition which specifies asubset of the
setcontainingallthepossiblecombinations of thevaluesoftheattribute;
Theextension of object types arecollections of objects with thesameattribute structure;
A classification hierarchy as an abstraction type organizes levels of both object instances
andobject-type definitions;
Theobject typesinherittheattribute structureand theinheritance linesof attribute structure
lead downward inthehierarchy;
Object types at different levels in aclassification hierarchy correspond to data of different
complexity;
Specifying an (elementary) object type implying, to a certain extent, determining the
abstraction/complexity level of ageo-spatialmodel;
Lower levels in the hierarchy correspond to lower abstraction levels resulting in more
complex data,including boththematic and spatial aspects;
Higher levelscorrespondingtohigherabstraction levelsand leadtolesscomplexdata;
Oneobject onlybelongs toanobject type and asuper object type;
Object type and superobject typearerelated byanIs-arelationship;
The abstraction mechanism of classification is a prerequisite for all other abstraction
mechanisms;
Defining elementary object types andelementary objects.
CreationofClassification Hierarchy

21

Chapter 2 BasicsofCategorical Database Generalization
A classification hierarchy may be a taxonomy system, such as soil classification, or land use
classification, or may be derived from a sub taxonomy system according to application
requirements, ormaybedefined according tosome applications.
2.4.1.2 Aggregation Hierarchy
Another important structure is the aggregation hierarchy (Hughes, 1991;Molenaar, 1993). An
aggregation model is composed of objects i.e., objects which consist of several other objects
[Smith 1977]. This structure shows how composite (aggregated) objects can be built from
elementary objects that belong to different classes and how these composite objects can beput
together to build more complex objects and so on (Molenaar, 1998). In this article, a higherorderobject type inthehierarchy iscalled composite-type, whereas anobject typethat ispartof
thecomposite-type is called component-type. Accordingly, an instance of the composite-type is
referred to as a composite-object, and an instance of the component-type is regarded as a
component-object or elementary object. For example, object type Farm is acombination of the
object types Yard and Field. In other words, Yard is part of Farm, and sois the Field as shown
in Figure 2.10. Farm is acomposite object type and object type Yard and Field are elementary
object types.
The fact that the simple objects can be aggregated into complex objects implies that also their
attribute values maybe aggregated. This means that complex objects inherit the attribute values
from the objects which they are composed of. The structure also reflects some aspect of data
abstraction.
County

Farm

Vacant

Yard

Building block

Building

Figure 2.10 Exampleof aggregation hierarchy

Characteristics ofAggregation Hierarchy:
An aggregation hierarchy has a bottom-up character in the sense that the elementary objects
from the lowest level are combined tocompose increasingly complex objects as one ascends in
thehierarchy. Ithasthefollowing characteristics:
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Specifying therulesfor building an aggregation hierarchy for acertain application;
Expressing the relationship between aspecific composite object and its constituent parts at
different levels;
Replacing the elementary object types in a model with their composite-type will result in
transforming themodelfrom alowerabstraction level toahigher abstraction level;
Composite-types in the hierarchy correspond to higher abstraction levels and thus will
result inlesscomplex data;
Component-types correspond to lower abstraction levels and hence will result in more
complex data;
Theupward relationshipof anaggregation hierarchy called "Part-of' links.Thelinksrelate
a particular set of objects to aspecific composite object and on to aspecific, more complex
object and soon;
Acomposite-type can bethecomponent-type of another (super) composite-type;
In aggregation hierarchy, the inheritance lines lead upward. The compound objects inherit
theattribute values from theirconstituent objects;
The aggregation hierarchy has abottom-up character: starting from theelementary objects,
composite objects of increasing complexity areconstructed inan upward direction.
The composite objects inherit the attributes from their constituent parts ( Molenaar and
Richardson 1994).
An aggregation hierarchy has therefore abottom-up character, in the sense that the elementary
objects from the lowest level are combined to compose increasingly composite objects as one
ascendsinthehierarchy.
CreationofAggregation Hierarchy
The definition of aggregation hierarchy is application-dependant and it must be established
before the aggregation process. The different applications have different aggregation
hierarchies, even though building these aggregation hierarchies are based on the same data set
or thematic classification system. Classification hierarchies in combination with the topologic
object relationship of the FDS (Molenaar, 1989) (see Chapter 5) support the definition of
aggregation hierarchies of objects.Anaggregation hierarchy isdefined bytheconstruction rules
that describe how the objects on a given level are composed of objects at a lower level
(Molenaar 1996).
•

Rules specifying the classes of theelementary objects building an aggregated object of this
type;
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•

Rules specifying thegeometric andtopologic relations amongthese objects.

For each level of the aggregation hierarchy, there should be rules for selecting the terrain
objects that are aggregated to a particular composite object. In GIS these rules will be based
partly on the topological relations between terrain objects (e.g., connective or adjacent) and
partlyonthethematic relation (e.g.,thecommon classvalues).
Infact, for every typeof composite object, aseparate classification structure canbedefined (see
Figure2.11).
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Figure 2.11 Relationbetween classification and aggregation
(after Husing 1993)
2.4.1.3 Object Associations
Besides classification hierarchies and aggregation hierarchies, which arewell defined, there isa
third, less well defined type of relation between terrain objects: object associations. The
association between objects isdetermined byMember-of relation. Unlike thehierarchies,which
are characterized by many-to-one relationships (m:l), object associations represent many-tomany relationships (m : n). Associations are significant for composing geographic
neighborhoods,i.e.acollection of objects.
2.5 Categorical Data
Chrisman (1982) defines a categorical coverage as " an exhaustive partitioning of a twodimensional space into arbitrarily shaped zones which are defined by membership in a
particular category of a classification scheme". Categories and zones should not be confused.
The categories are conceptual entities conceived by the human mind on examination of the
landscape. The zones become the physical, spatial manifestations of the concept" (Beard 1988,
Shea et al, 1989, GrayS.V. and Egenhofor, M.J. 1993, Robin et al 1996, Frank,A.U. and
Volta,G.S, 1997,Jaakkola 1998.Peter andWeibel 1999,Smith andMark,2001).
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Not only is acategorical database acollection of categorical data, it also contains relationships
between categorical data elements, such as spatial and semantic relations. Atypical exampleof
a categorical data is land use database. Characteristics of Categorical Data can be summarized
as following:
•

Categorical data consists oftwoconnected components:
(1) aspatialcomponent and
(2) a thematic component. Categorical databases hold time fixed, control for theme, and
measurethelocation,bysearching for thelargest areas withuniform properties;

•

A categorical database is a set of spatial zones (geographic unit) constructed by a set of
categories. The zones in a categorical database are an exhaustive subset of space and that
not overlap (Beard 1988). Every zone (geographic unit) is evaluated according to
predetermined classesresulting inregions comprised of homogenous value.
Letzones z.coverthewhole space Q.;
U, z,.= Q ;
z. n z . =O .

•

A categorical database has a theme that is based on the purpose of the examination. The
theme of the categorical database is a domain of attribute values that describe the salient
properties of a given space. Attribute values are often ordered hierarchically, typical for
taxonomies.

•

More than one new categorical hierarchy can be built from the same kind of initial
categorical hierarchy inorderto address different database purposes.

•

Different levels of categorical database in details can be deduced from a single, more
detailed categorical database.These databases will preserve data with adifferent amountof
the original categorical detail.
Similarities can be seen between categories and similar categories might be grouped into
more general ones toreduce the categorical or spatial complexity to alevel appropriate for
a particular use. In an analysis, a user selects the most appropriate level of aggregation for
thetaskathand.

•

Categorical database is a general case of multi-scale descriptions, where data at different
levels ofresolution arerepresented (Bertolotto et al 1995).
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•

Changing the spatial partition by aggregation of adjoining area does, in general, not lead to
a changing categorical hierarchy. Changes to the partition of the attribute domain, i.e,
changes in the categorical hierarchy, can be automatically propagated to the spatial
partition, the reverse is not true: changes in the spatial domain do not propagate to the
thematic domain.

•

Each partition of the attribute domain results in adifferent set of zones. Therefore, the set
of categories induces the zones.This reflects the basic concept of categorical data that one
selectsfirst thesetof categories andthen constructs thezones.Inparticular, anypartitionof
the attribute leadstoan inducedpartition of space.

For certain problems, the user can select ahierarchical level of detail and automatically get the
corresponding categories andthecategorical coverage.
2.6 Database Generalization
Database asmodels of (some portion of) areality should have also theproperties toexpress the
real world at different levels in detail. Database Generalization can be defined as the
transformation of the contents of aspatial database from higher resolution to alower resolution
terrain representation based on Molenaar (1996). The essential objectives of database
generalization are:
•

preserves the characteristics and integrity of geographic data while reducing the level of
detail in its representation.;

•

isapplication-dependant and driven;

•

can help with both extracting appropriate information from source data and deriving new
databases or data sets with less detail from the source database for analysis or applications
at reduced scales.

2.6.1 Differences betweenDatabase Generalization andMap Generalization
A categorical database contains representations of categorical phenomena defined in terms of
entities, whereas a cartographic database is a symbolized geographic database described in
terms of graphic symbols.Database generalization and map generalization maytake place ina
GIS environment. For example, if we need to derive a reduced database to represent a given
level of information, we can execute a selection and transformation to obtain a subset of data
from the source database. But if we need to put the subset data onto a map, we have to satisfy
certain map specifications, that is, the minimum spacing and minimum sizes of symbols, the
balance of feature density, and so on, which directly affect the readability of the map. Some
mapped features mayhave tobedisplaced, excluded, or simplified.
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Although both database generalization and map generalization reduce data complexity, the
database generalization focuses more on the content, completeness, and accuracy of the
derived data, while the latter deals with map space and resolution, symbol conflicts, visual
quality,readability andaesthetics.
Database generalization specifies what must be expressed to fulfill thepurpose defined by
theuser.
Map generalization specifies what can be expressed, taking graphic limitations into
account.
Mapgeneralization isscale-dependent, whilegeographic information abstraction isnot.
Selections in database generalization are usually based on feature classifications and
attributes, while mapgeneralization isbasedongraphic constraints which aretied toscale.
Database generalization transformation mainly concerns managing geographic meaning in
adatabase, andmapgeneralization mainlyconcernsstructuring mappresentations (Nyerges
1991)
Geographic database generalization can be seen as a pre-stage for map generalization and
tocreatedatasetsbetter suitedtotherequirements of spatialanalyses (seeFigure2.12).

Figure2.12 Processof database generalization andmap generalization
2.6.2 Database Generalization asADatabase Transformation
Simplifying information in the database is the main purpose of database generalization. This
can be achieved by database transformation. Transformations can be performed with two
components: onetohandle attributes andthematictransformation; andtheother tohandle space
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and spatial transformation (including geometric transformation and spatial relation
transformation). Temporal transformations arenot taken intoaccount inthis study.
2.6.2.1 Thematic Transformation
Changes in the thematic contents of an object are concerned with changes in one or more
attribute value and changes in the attribute structure. Both kinds of change might cause the
object tomigrateto another object class.
•

Hierarchical Structure Transformation

Two types of hierarchical changes could take place in database transformation. One is
simplifying the original hierarchical structure through reducing the number of layers or number
of object types (classification hierarchy) and the other is defining a new thematic hierarchical
description of theobjects (aggregation hierarchy).
Suppose that a database contains the information shown in Figure 2.13 (a). This is a detailed
description of a terrain situation with agricultural fields, forest areas and natural grasslands.
This description might be too detailed for structure analysis which should give information
about the area covered by the different major types of land use and their spatial distribution
(Molenaar 1996, Richidson 1993 and Rigaux and Scholl 1995). A less detailed spatial
description can be obtained, if the original objects are aggregated to form larger spatial regions
per major land use class. Figure 2.13 (b) shows that this less detailed description can be
obtained intwosteps.
Itis certainlynot always thecase that object aggregation can be achieved within the framework
of one class hierarchy. In many cases object aggregation will imply a completely different
thematic description of the objects, so that other classes should be defined. Changes in the
aggregation structure are illustrated in Figure 2.14 where farm yards and fields have been
aggregated intofarms andthesein their turn into farm districts.Theaggregation hierarchy hasa
bottom-up character in the sense that starting from the elementary objects composite objects of
increasing complexity areconstructed inanupward direction.

Rekl4

Hdd5

Figure2.13 Exampleof class transformation
Figure2.14 Example of aggregation
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•

Attribute Structure andValue Transformation

The changing hierarchical structure associated with a database can cause changes in the
database. Changingthevaluerangeof an attribute orchanging thevalueinterval of an attribute
canresult inchanges ofthe objects.
2.6.2.2 Geometric Transformation
Achange inthegeometric structure of anobject canmean achange initsposition, its shape,or
its size, including simplifying, merging, collapsing etc such as collapsing area to line or point
etc. A change in position implies a corresponding change in the topology, distance and
direction, whichthen hastobeupdateinthedatabase.
2.6.2.3 Spatial Relation Transformation
When a database is transformed from one state to another state, the location and shape of
objects in the database may be changed. These changes will cause changes in spatial relation
(such as direction distance etc). Spatial relationships between geographic objects are timedependent and can be changed due to space change in a database. When a database space is
changed such as reduction, the two disjoint spatial objects may be viewed more closely in new
database space than when they are in the original database space. This means that the spatial
relationships of the objects are changed with respect to other spatial objects, while the change
may not necessarily modify the topological relationship between these two overlapping or
disjoint objects.
In order to describe changes between spatial relations and measure the similarity between
spatial relation pairs, Egenhofer and Al-Taha (1992) introduced several concepts such as
gradual change,topological distance and conceptual neighborhoods.
•

Gradual change may be deformation to one of the two objects involved, such as changing
the sizeof an object byexpanding orreducing orcorresponding to ascaling deformation of
theobject, thatdoesnotchangethetopology ofthe object.

•

The topological distance is used as a measure to determine conceptual neighbor. It is the
sum of the absolute values of the differences between corresponding entities of all 9intersections. The topology distance between a relation and itself is 0, and it is betweenl
and 9for any other pair of topological relations. The shorter the topology distance between
two relations,the smaller istheir conceptual difference. This measure is used to identify its
closesttopological relationships for eachof theeight regionrelationships.

•

Two topological relations are conceptual neighborhoods if the transition from one relation
to another is "smooth", sothatnoother relation isbetween thetworelations when applying
agradual change. Conceptual neighborhood is used toidentify thoserelations that areclose
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to each other and yield information about cognitive aspects of the relations. For each
relation r ; , the relations r .... rn with the shortest, non-zero topological distance are
considered as ri's conceptual neighborhoods. Each relation is a conceptual neighbor of at
least two,and atmost four otherrelations.
Brun H.P and Egenhofer (1996) use the concept of conceptual neighborhood on the basis of
gradual change todescribethe similarity of two spatial relations.
•

Topological Relation Changes

The model for binary topological relationships canbe used as aframework todescribe formally
how to get its "closest" relationship from one topological relationship when deforming one of
the two objects. The kinds of deformations considered are scaling (expansion and reduction),
translation, androtation. Weareinterested in gradual changes.Another assumption madeisthat
onlyonekind of deformation occurs withtheobjects involved.
Initially tworelations are slightly changed, orjust one, only a bit more dramatically. The new
scene is still similar, only less so, as the number and extent of the changes increases, the new
scene becomes less and less similar. The change is gradual, from equivalent, to highly similar,
tolessand less similar.
Theconcept of gradual changehasbeen usedtomodelconceptual neighborhoods of topological
relations (Egenhofer and AL-Taha 1992; Egenhofer and Mark 1995). Conceptual
neighborhoods facilitate an ordering of topological relations, and support the determination of
similar relations. Figure 2.15 shows the eight topological relations for simple area objects
(Egenhofer andFranzosa 1991,1995).

A

f" I

I

77,

I

I •r^~

Figure2.15 Exampleof conceptual neighborhood of topological relation
Thefigure illustrates theserelations intheform of aconceptual neighborhood graph (Egenhofer
and Al-Taha 1992, Hernandez 1994). Nodes in the graph denote relations that are linked
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through an edge if they can be directly transformed to each other by continuous deformations
(enlargement, reduction, movement). For instance, starting from relation disjoint and extending
(or moving) oneofthe objects, wederiverelation meet.With asimilar extension wecanget the
transition from meet to overlap and so on. Disjoint and overlap are called 1st degree neighbors
of meet. Depending on the allowed deformation and the relations of interest, several graphs
maybeobtained (e.g.Brun andEgenhofer 1996).
Topological similarity mayhave littlemeaning beyond simple,two-object scenes.Itsrealutility
comes with a combination of equivalent concepts for distance and direction relations, and
scenes with more than two objects. The measure of different topological relations can be used
topological distance. Table 2.1 shows the topological distance between different relations. The
results inthetable arecalculated basedonthedefinition oftopological distance.
Table2.1Topological distancesbetween relations
Topological
Distance
Disjoint
Meet
Contains
Inside
Covers
Coveredby
Equal
•

Disjoint

Meet

Contains

Inside

Covers

Coveredby

Equal

0

1
0

4
5
0

4
5
5
0

5
4
1
7
0

5
4
7
1
6
0

6
5
4
4
3
3
0

Distance Relation Changes

For such distances, conceptual neighborhoods arederived byimposing an order relation < (less
than)over thedistance symbols,which corresponds totwoobjects gradually moving away from
each other. Adjacent symbols are more similar than non adjacent symbols. For example, very
close ismore similar toclose than tofar, because zero<very close <close <far. Transitivity can
be applied tothisorderof relations, supporting such statements asfar is greater than very close.
This type of reasoning supports the determination of the difference in spatial relations between
two scenes, which can guide the process of determining the number and type of gradual
changes required to transform one scene into another, which forms the basis of the similarity
assessment presented here.
The measure of distance can be described by quality distance such as mentioned above or
quantitydistance, suchasfuzzy distance (Papadias Det al 1999)
•

Direction Relation Changes
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It is assumed that each object can move in a continuous, smooth manner in any direction, but
may not suddenlyjump to a new location, (note, however, that all relations can be represented
byfixing oneobject, and moving the other ).Figure 2.16 illustrates how toproduce,by gradual
change,anydirection relation given by anyotherdirection relation. Thelines inthefigure show
the links between conceptual neighbors of direction relations. The directions on the outside
edge of the diagram are labeled with acronyms such as N for "north", SSW for "SouthSouthwest", etc. Iftworelations are notconceptual neighbors,then onecannot be derived from
theother via gradual change without first producing one or more intermediate relation which is
proportional tothe similarity of relations.

NWW

W

|

|i

Q

Figure2.16 Conceptual neighborhood of directions for an object
(after Bruns and Egenhofer 1996)
The structure of the figure shows the interplay between direction and topological relations.
There are four rings, each representing a topological relation. The center ring represents the
topological equal. The next ring shows all direction relations for the topological relation
overlap. Further out are rings for meet and disjoint, in that order. Additional rings would
represent associations between direction and distance relations, while preserving topology
(disjoint) andthecorresponding direction relations.
Cardinal directions could be quantitative values, such as azimuth or bearing, or qualitative
symbols, such as north or north-east. The choice of measure depends on the application. Both
azimuth andcardinal directions areusedbased onthe specified queryconstraints.
These changes are often considered particularly interesting information, because they influence
transformation decision-making and trigger transformation actions to be taken. When two
relationshavehigh similarity, then theobjects which areinvolved maybe merged in adatabase.
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When the distance between two objects is too close and they have the same attribute after
transformation, thentwoobjects willmergetoform anew object.
2.6.3 ProcessofDatabase Generalization
The process of database generalization can be considered asthe process of abstraction from the
sourcedatabase tothetarget database with the intention of reducing detail inthecontents of the
database. This abstraction may include three aspects. They are data model abstraction, object
abstraction andrelation abstraction.
•

Data model abstraction: simplifying a geo-spatial model, emphasizing significant object
types and suppressing immaterial object types inthedata model. Similar object types might
be grouped into more general object types to reduce the complexity of the data model. For
example, replacing elementary object types with composite object types or higher object
types in a data model. The four types of abstraction are important and they are
classification, association, generalization, and aggregation.

•

Object abstraction: reducing object resolution (including thematic and geometric
resolution) through aggregating objects violated by the constraints based on defined ageospatial model, characteristics of objects and relations among objects. For example, if two
adjacent objects have high similarity in attribute, they can be merged or aggregated to form
a new object in the sense that this is a kind of reducing spatial complexity to a level
appropriatefor particularuse.

•

Relation abstraction: similarity exists between spatial relation pairs. Eghenfer and Mark
(1995) use conceptual neighborhoods to facilitate an ordering of topological relations and
support the determination of similar relations such as meet is more similar to overlap than
to contain. When the data model associated with a database is simplified and object
resolution is reduced, the discernable degree of spatial relation in the database should also
be reduced. The relation between two objects in a database can be recognized before
transformation and the relation between the twoobjects may disappear after transformation
in a sense that the relations between the objects are coarse or abstraction. For example two
very close objects having adisjoint relation maybe changed into aadjacent relation (meet)
when thedatabase is transformed.

Geo-spatial model abstraction is application-dependent. It decides the contents of a database
and level in detail. In this sense, it is active abstraction. Object abstraction and relation
abstraction arepassive abstraction sincethey arecontrolled byGeo-spatial model abstraction.
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Chapter 3
Categorical Database
Generalization Transformation
3.1 Introduction
This chapter will mainly discuss the framework of database generalization transformation with
emphasis ontheroleofthe geo-spatial model,objects andrelations amongtheobjects. First,the
aspects of database transformation are defined based on the concepts discussed in the previous
chapter, such as data model, object, object types, constraints and operations, followed by the
background of database transformation and formalization of hierarchy. Then the contents of
geo-spatial model transformation, object transformation and relations transformation are
elaborated in detail. Finally, transformation operations involved in the database transformation
are introduced.
The database generalization can be considered asthe transformation of the contents of aspatial
database from a high resolution to a lower resolution terrain representation (Molenaar 1996).
The main objective of database transformation is to derive a new database with different
(coarser) spatial/thematic/temporal resolutions from existing more detailed database(s), for a
particular application. To realize the objective, several aspects in the transformation must be
taken into account. Based on the discussion in section 1.2, database transformation should
include geo-spatial model transformations, object transformations and relationship
transformations. These transformations are controlled or governed by a set of constraints (tobe
discussed inthenext chapter) andimplemented byaset ofoperations.
3.2 BackgroundofDatabase Transformation
Before discussing database transformation problems, wehave tobe awareof someconcepts and
relations.
3.2.1

RelationsamongGeo-spatial Model,Taxonomic Hierarchy, Classification
Hierarchy andAggregationHierarchy.

The contents of a categorical database are always closely related to a taxonomic system, i.e.,
soil database to a soil taxonomy system and land use database to a land use taxonomic system
etc.Therelations amongthem aredescribed as following:
Taxonomic SystemandClassification Hierarchy
The taxonomic system is used inthereal world toestablish hierarchies of classes that permit us
to understand, as fully as possible, the relationships among entities and between entities and
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properties which are responsible for their character in the real world. Aclassification hierarchy
is used in the context of a database. A classification hierarchy is expressed as an object type
hierarchy that represents levels of object specificity. Furthermore, a classification hierarchy as
an abstraction type organizes levels of both objects and object type definition and reflects the
abstract level of objects in the database. For a categorical database which is always related toa
taxonomic system in a certain application field, a classification hierarchy is derived from the
taxonomic system. Inthis sense,wecan saythat the object types intheclassification hierarchy
correspond to the classes in the taxonomic system. The super object types and sub object types
in the classification hierarchy correspond to the super classes and subclasses respectively. The
objects of one object type correspond to the entities of that class. The relations between two
hierarchies are shown in Figure 3.1.Figure 3.2 shows a taxonomic system for land use. This
system canbeeasilytransformed into aclassification hierarchy inthedatabase.
Super-class

Super-object type

Class

Object type

Sub-class

Sub-object type

Entities

<

•

Object

TaxonomicSystem

Classification Hierarchy

Figure3.1 Relationsbetween ataxonomic system and aclassification hierarchy

Classification Hierarchy and Aggregation Hierarchy
An aggregation hierarchy is expressed ashow ahigher-order object isorganized by lower-order
object types that belong to a different classification hierarchy and how these higher order
objects can beput together tobuild morecomplex objects and soon. Aclassification hierarchy
in combination with the topologic object relations of formal data schema (to be discussed in
chapter 5) supports the definition of aggregation hierarchies of objects. Classification hierarchy
and aggregation hierarchy play an important role in linking the definition of the spatial objects
at several detailed levels (Molenaar 1996,Peng 1997,Richardson 1993).
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Landuse

L4

Cultivatedland

L3
L2

Irrigatedpaddy

S4l>
Ll

Forest

Irrigatedland

Wood

<iVX

•AX

Transportation

Slashes ...

V,

rice maize
Figure3.2 Land useclassification hierarchy

Even though we can specify the relations between higher-order object types and lower order
object types to build an aggregation hierarchy, the specifying relations are normally based on
theclassification hierarchies. Inthefunction, theclassification hierarchywill helpustofindthe
objects we need, because it has sorted and categorized them in the categorical database. Once
we have found them, the aggregation hierarchy tells us what to do to put them together
meaningfully, for example, an aggregation of river and road object types into a transportation
network develops a significantly different definition from the individual definitions of river
classification androadclassification (seeFigure 3.3)

County

Buildingblock

Vacant

Building

Figure3.3 Exampleof aggregation hierarchy
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Geo-spatialModel and Classification andAggregation Hierarchy
Classification and aggregation hierarchy play a key role in defining geo-spatial models of
categorical database since the object types in the geo-spatial model are meaningful within a
certain classification and aggregation hierarchy. Before a categorical database can be built, the
classification structure must be chosen (Molenaar 1998) and aggregation structure must be
specified.
For the categorical database, object types, attribute structure of each object type and
relationships among object types in the geo-spatial model are normally decided by the object
types at the lowest level in the classification hierarchy or aggregation hierarchy. As shown in
Figure3.2, the object type rice, maize and so on at level 1 in the classification hierarchy are the
object typesof thegeo-spatial modelintheland usedatabase.
It is important torealizethat not only can an object type in ageo-spatial model be associated to
a classification hierarchy, the attributes of an object type may be associated to a classification
hierarchy. For example, a cadastral parcel may contain an attribute land use, which itself is
associated toaland useclassification hierarchy.
3.2.2 Class,Object TypeandObject
In this thesis, the class and object type have the same meaning. A class or object type
determines aset of attributes toform its attribute structure. Each class c . or object typec . has
itsown attribute structureList(c .) as follows:
to(c;)=|A,„..A,.,...AJ
A ; denotes one of the attributes of class c . Each attribute will have a name,adomain which
will be specified by defining the range of the attribute values and scale type of the domain
which indicates whether these values are from a nominal, an ordinal, an interval or ratio scale.
AnattributeA(. canbe specified byathreetuple (Molenaar 1998):
A,={NAME(A,.),SCALETYPE(A,.),DOMAIN(A,.)}
For each object which belong toclassc ,the attribute structure defined byaclass specifies the
description structure of the object. A value is assigned to every attribute in the attribute
structure of an object. For any object, its direct class is unique and lowest in a classification
hierarchy since different classes have different attribute structures. These values must fall
within the range of the attribute domain, which must be defined prior to the actual assignment
of attribute values. The relationship between objects, object type and attributes can be seen in
Figure3.4.
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Class

Object .

Es Figure3.4 Diagram representing therelationsbetween objects, classes and attributes
„.
(after Molenaar 1998)
attributes ottne object) togetherwithtrielist ot attributevalues.
3.2.3

Intension andExtension ofAClass

The intension of a class c . can be expressed as a condition for the value of a combination of
attributes.Thecondition specifies asubset of the setcontaining all thepossible combinationsof
the values of the attributes, denoted as Int(c ), while the set of all the objects that belong to
c with the same attribute structure is commonly identified as the extension of the class c ,
denoted asExt(c .).
3.2.4 Formalizing Classification Hierarchy andAggregation Hierarchy
As discussed before, the object types in a geo-spatial model are normally determined by
classification hierarchy and aggregation hierarchy. Changing classification hierarchy and
aggregation hierarchy will result in changing the geo-spatial model associated with the
database, andinturn changing thecontents of the database.Changing the attribute structure and
extension of classes at different levels in the classification hierarchy and aggregation hierarchy
associated with a database will induce anew classification hierarchy and aggregation hierarchy
and define a new data model of the database and rebuild the corresponding contents of the
database.
Class hierarchy has been studied for many years in databases and knowledge bases, especially
in relation to data abstraction and generalization (Smith and Smith 1977,
Yee,Leung,Kwong,S.L. nad He J.Z 1999, Molenaar 1996). However there is still a lack of
formalization of classification hierarchy and aggregation hierarchy based on Set theory and
properties of class. In the following part, the formalizations of classification hierarchy and
aggregation hierarchy are discussed.
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Let S be the set of objects {o,,o 2 , o 3 ,...,o ( -Jin space, U be the set of classes
{c|,c2,c3 ,...,c • }for the database space. Before formalizing classification and aggregation
hierarchy, the relations between classes must be identified. Seven types of relations among
classes canbe identified:
Relations of equivalence amongclasses symbolized by = ;
Relations of inclusion amongclasses symbolized by CI ;
Relations of complete inclusion amongclasses symbolized by C ;
Relations ofcomposition amongclasses symbolized by G ;
Relations of disjunction amongclasses symbolized by ^ ;
Relations ofconsistency amongclasses symbolized by l// ;
Relationsof partialbinaryrelation onUsymbolized by <c.
Classification Hierarchy
Let c ; , c • € U be two arbitrary spatial classes, there should be no objects that belong to the
extensions of the two different classes of U. Based on the definition of classification hierarchy
in the last chapter and relations among classes, we can formalize classification hierarchy with
intension andextension of theclasses.
•

c,l// c ., only ifExt(c ; )O Ext(c .)^ 0;
(c ; isconsistent with c ,)

•

cJ. = c ., onlyif Ext(c;)=Ext(c •),denoted asc(=c ;
(Ext(c,) ofc ; isequal toExt(c )ofc andc ; isidentical toc . ).

•

c ; C c -, onlyif Ext(c(.)C Ext(c •),denoted asc(.<cc •.
(Ext(c .:)of c. includeExt(c .) of c . and c ; belongs toc )

•

or

c ; cz c •, if Ext(c ; )<ZExt(c ), denoted as c(<c c .We also call c ; a sub-class of
c and c a super-class of c( . (Ext(c,) of c(.completely include Ext(c )of c and
c(. completelybelongs toc ).

•

c(. ^ c •,onlyif Ext(c(.)n Ext(c . )= (f).
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(thereis nocommon object between c ; and c ,andc•isdifferent from c ).
A class c ; is included by a class c if and only if the extension of c( is subsumed by the
extension of c .Wecall c ; 'IS-A' c ..
Obviously, <cisapartial binaryrelation onU,called the"Belongto' relation, and (U, <c) isa
partially ordered setthat wecall aclassification hierarchy.
The process of formalization of classification hierarchy depicts how the object types (classes)
and super object types can be formed into ahierarchical structure. For creation of anew super
object type intheclassification hierarchy there willbe:
•

If anyA,BG Hand noDe Hsatisfying Ext(D) =Ext(A) U Ext(B),
thengenerate such aclass D,andlet
Ext(D) =Ext(A) U Ext(B),LIST(D) =LIST(A) O LIST(B) andDe H,
noted asIS-Alinks;

The upward connections from objects to classes and classes to super classes are is-a links,
which express that an object is an instantiation of a class and that a class is a special case of a
more general super-class. At each level,the classes inherit the attribute structure of their superclasses at the next higher level and propagate it normally with an extension to the next lower
level. Atthelowest level inthehierarchy areelementary objects (Molenaar 1998).
Aggregation Hierarchy
Aggregation hierarchy expresses the relationship between a specific aggregated object and its
constituent parts at different levels. This is different from classification hierarchies where
classes at several generalization levels can be defined with their attribute structure and their
intension andtheobjects canbe assigned totheseclassesinalater stageof amappingprocess.
Let S be the set of objects { o p o 2 , o 3 ,...,o | ) in space, U be the set of classes { c , , c 2 , c 3 ,
ct.....,c . ,c ; ,cm,cn ,ct...} for the database space. List(c) expresses attribute structure of class
c and Vlist(o) expresses attribute values of object o. Vlist (o) expresses that object ohas a list
containing one value for every attribute of its class c. Geom (o) expresses the geometric range
of object o. We can define the formalization of aggregation hierarchy with intension and
extension oftheclasses:
•

c. ^ c ., onlyif Ext(c(.)PiExt(c . )= 0;
(thereisnocommon object between c ; and c ,and c(. isdifferent from c );
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•

Transformation

Cj < dk and c -< dk , if c ; and c . are lower order class (object type) and dk is
higher order class (object type);

•

List(c ; ) C List(d k), if the attribute structure of class c . is part of the attribute structure
of class dk ;

•

Vlist(o ; G c •)(ZVlist(okE

dk ), if the attribute value of object o(. is part of the

attribute value of object ok ;
•

geom(o ; G C j J C geom(o k G dk ), if the range of object o ; is part of the range of
object ok ;

.

geom.(o,.)={T(o,.),E(o,),N(o,)};

•

Similar for o

Object oA is composed by object o ( and o

if and only if the above conditions are met and

denoted as :
o k =Agge[o ; , oj ]

We call object o( or o

is ' PART-OF' object ok .

The process of formalization of aggregation shows how a composite object (object type) can be
built from elementary objects (object types) which are belong to different classification
hierarchies and how these composite objects (object types) can be put together to build up more
complex composite objects (object types) (Molenaar 1998) through defining the rules for
selecting the objects that are to be aggregated to a particular composite object for each level of
the aggregation hierarchy. These rules will be based partly on the topological relations between
objects (e.g. connectivity or adjacent) and partly on the thematic relations (e.g. common class
values or same attribute structure). For creation of a new composite object type in aggregation
hierarchy, there will be:
•

If o1,,o .Gc(. ,ok G c and o, G c , and adjacent ( o t , o ( ) and adjacent (ot , o .)
Then o, ={ o , , oj, ok }and LIST(c,) 3 C (LIST(c,.) U LIST(c k ) or LIST(c j)
U LIST(c, ) ) a n d o , G c ,
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All classes can always be organized in ahierarchy in an order invariant form with appropriate
addition or deletion of attributes and change of their attribute structure. For substantiation, we
show asmallland useclassification hierarchy inthefollowing example.
Figure 3.5 depicts aview ofthe subset of alandusedatabase with nine objects, andFigure 3.6is
the classification hierarchy for that subset. There, by our definition, Cultivated
land=Ext(Cultivated land) = {Rl, R2, R3, Ml, M2, CI, C2, SI, S2},Ext(Irrigated paddy)= {
Rl, R2, R3, Ml, M2), Ext(Irrigated land)= { CI, C2, SI, S2}, Ext(Rice)= { Rl, R2, R3},
Ext(Maize)= {Ml, M2},Ext(Cotton)= {CI, C2), Ext(Sugar cane)= {SI, S2). It should be
noted that on the class level the space in figure 3.5 is organized as a class hierarchy shown in
figure 3.6.Corresponding to each class,there is a setof objects that constitutes theextension of
theclass.

Rl

CI

R2

Where:
R1,R2, R3:Rice Objects;
Ml, M2 :Maize objects;
C1,C2
:Cotton Objects;
S1, S2 :Sugar cane objects

M2

Ml
C2

SI
R3

S2

Figure3.5 View of asubset oflanduse database
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Irrigated Land
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\
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M f\
R3 Ml

M2 CI

f\
C2

SI

Figure3.6 Exampleof ahierarchy structure
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3.2.5 AttributeStructure of AClass(ObjectType)inClassification Hierarchy
A class determines a set of attribute types which form the attribute structure of a class as
discussed before. More and more attribute types are needed with the specialization of the
classes in aclassification hierarchy. The attribute list of aclass must include all attribute types
of its super class in the classification hierarchy, i.e. if A, Be U and A <cB, then
LIST(A)=LIST(A) U LIST(B) or LIST(B)=LIST(A)n LIST(B). This is apparent from the
fact that for each class a more detailed specification of attributes is added compared to the less
specific class. It was mentioned before that at each level the classes inherit the attribute
structure of their super-class at the next higher level and propagate it normally with an
extension tothenext lower level.
Figure 3.7 shows the process of the attribute inherence of attribute structure of the class at
different levels. The inheritance line is top-down. "Transportation' is a class having attributes
P, (volume of goods transported) and P2 (volume of passengers transported) and may have
two sub-classes "Road' and "Railroad'. Except for P, and P-,, its sub-classes may have other
attributes, e.g. "Road' may have attribute A, (width of a road)and A2( rank of road), and
"Railroad' mayhave attribute W, (speed oftrains) andW2 (railtype).

Figure3.7 Exampleof attribute structure ofclass transformation
As discussed above,the classification hierarchy (U, <c) has double semantic meanings. Oneis
the extension enclosure, i.e. if A, B€ U and A < c B, then Ext(A) (ZExt(B), which expresses
from bottom up the IS-A relationship between any two classes in the hierarchy. The other is
attribute inheritance. The inherence line is top down. i.e. if A, Be U and A < c B, then
LIST(A)2LIST(B).
3.2.6 AttributeStructureofAClass(CompositeorComponent ObjectType)in
Aggregation Hierarchy
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A composite object type is itself an individual an object type, it has attribute structure of its
own. For the attribute structure of classes in aggregation hierarchy, there are different ways to
build it. Which way should be taken is application-dependent. The attribute structure of a
composite object type may include all attribute structures of its component object types or part
of itscomponent object types ormaycreate anew attribute structure, i.e.if A,BandC€ U,and
A G B and C e B, then LIST(B) 3 LIST(A) U LIST(C). The elementary object types from
the lowest level in aggregation hierarchy are combined to compose increasingly a complex
composite object type as one ascends. If elementary objects are combined to form a composite
object, their attribute values are often aggregated as well. Similar to the object in the
classification hierarchy, the description structure of the object is determined by the attribute
structure of aclass. Values are assigned to the attributes per object. The value of the composite
object is the function of corresponding values in its constituents. This is different from
classification hierarchies where classes at several generalization levels can be assigned with
their attribute structures and their intension, but where the objects can be assigned to these
classes inalater stage of amapping process (Molenaar 1998).
The attribute structure of acomposite object type is simply the collection of attributes of all its
component object types or maybe partly inherited from the attribute structure of its component
object types, or partly from its components and some more new attributes may be added or
specified which arecompletely different from theattributesof itsconstituents.
Figure 3.8 depicts one case of the inheritance process of the attribute value of a composite
object type from its constituents in which the composite object type inherits all the attribute
structureof itscomponents.Theinheritance lineis upward.

ID A,

A,A,A

Pasture land

4

ID W ,W

W

3

i L

id a , a ^ a ^ a 4

id w | w

\v

Figure3.8 Exampleof attribute structureof class farmland
It is possible todefine composite object types by means of their construction rules.These rules
relate aparticular set of object types to specific composite object types and on toa specific and
more complex composite object type.

45

Chapter3 CategoricalDatabaseGeneralization Transformation
Similarly to classification, the aggregation hierarchy has double semantic meanings. One isthe
geometrical range of a composite object which should contain the geometrical ranges of its
constituents the component objects, and the other is attribute value inheritance. The inheritance
leads upward, which expresses from bottom up the PART-OF relationship between any two
classes in the hierarchy. This is unlike classification hierarchies, in which the inheritance lines
of attribute structures lead downward, such that the thematic description of terrain objects are
moredetailed thefarther wegodown the hierarchy.
3.2.7 Cardinal Attribute ofAClassin Hierarchies
The cardinality of a set S is the number of elements that belong to that set. This number is
denoted by |s|. Similarly thecardinality of aclass is the number of objects that are membersof
that class,i.e.,the number ofobjects that belongtotheextension of theclass.Thecardinalityof
a class c(. is then |EXT(c( )|. For the hierarchical relationship where C ; is a sub-class of C ,
thecardinality of C isequal tothe sumof thecardinality of itssubclasses.
3.2.8 SumAttributes ofAClassin Hierarchies
Some of the attributes in the attribute structure of a class may have values per object for which
a sum can be computed for the class. Examples are the total of all arable farm lots, the total
length of all rivers in an area. For thehierarchical relationship where C ; is a subclass of C ,
thesumof C isequal tothesumof its subclasses.
3.3 ProcessofDatabase Transformation
In fact, database generalization is a transformation from one existing state of a database at a
certain detail level to a new state of less detail on the basis of the application and user's
requirements.Thestateof database (SDB)can bespecified byafour Tuple:
SDB={ M, O, R , C}
Where:
SDBis thestateof database atacertain detail level
Misthe setof geo-spatialmodel, M={m.};
O isthesetof objects, 0={o, , o 2 , o 3 ,...,o • };
R isthe setofrelationships amongtheobjects, R={r |r e OXO);
Cis asetof conditions orconstraints for transformation.
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According tothis idea, thetransformation manipulates mainly the spatial data model associated
with a database, the geometric and thematic descriptions of spatial objects and their
relationships with a new set of constraints which are related to a certain application. The result
of transformation is a database at less detail level than the existing one. Figure 3.9 depicts this
processof thedatabase transformation.

Datamodel

Objectset

Relationset

Objectset

Constraintset

Relation set Constraintset

Figure3.9 Theprocedureoftransforming the stateof adatabase
3.4 Aspectsof Database Transformation
Based on the process of database transformation in section 3.3, database transformation is
involved withthree aspect transformations including:
•

Geo-spatial model transformations;

•

Object transformations and

•

Relationship transformations.

Thefollowing partwill givemoredetailed description for each transformation.
3.4.1 Geo-spatial Model Transformation
The geo-spatial model determines what object types and which instances of these object types
should be contained in the generalized database. Changes in the thematic components of the
model have adirect effect on the spatial partition. Thereverse isnot true:changes inthe spatial
domain do notpropagatetothethematicdomain.Maincharacteristics of change aregiven:
•

Changing the geo-spatial model associated with a database will result in changing the
structure and the content of the database. In the context of database generalization,
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Classification hierarchy and aggregation aredirectly related tothecontent of thedatabase.
•

Changing classification hierarchy and aggregation hierarchy mean the changes in the level
of definition of object types and objects when the database resolution (mapping scale)
changes.

•

The geo-spatial model determines thedetailed level of thetarget database.

According to the relations between classification hierarchy and aggregation hierarchy,
transformation canbe divided into twotypes.Oneis geo-spatial model transformation based on
classification hierarchy and the other is on aggregation hierarchy. In each transformation, five
aspects of changes which willresult inadatabase transformation are identified:
Change of attribute structure of object types from the original hierarchy tothe
newhierarchy associated withadatabase;
Changeof domain of attributeof anobject type;
Changeof type of attributeof anobject type;
Change of cardinality of anobject type;
Changeof sum of anobject type.
3.4.1.1 Geo-spatial Model Transformation BasedonAClassification Hierarchy
Problems concerning geo-spatial model transformation based on classification hierarchy are
related to the classification hierarchical structure as well as the properties of object types that a
categorical databasecontains.
Asdiscussed before, the geo-spatial model of an existing database is associated with asemantic
classification hierarchy from which we can know how many classes exist, what relationship
among classes are and what the elementary objects are in the existing database. Before
implementing transformation, the object types which will be contained in the new data model
associated with a new database must be built. This could be done by changing the attribute
structureof object types intheclassification hierarchy.
Thecharacteristics of thishierarchy structure aresummarized as following:
•

All classes in a hierarchy are distinct because they all have their own unique attribute
structure. An object not only inherits the attribute structure of its own class but also from
the super class, i.e., attribute value list of the object contains the values of the attributes
specified at aclass level and asuper classlevel;
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•

IS-A relation showsthat when twoormoreclasseshave attributes incommon,then asuper
class canbe defined with an attribute structure LISTcontaining these common attributes as
"superclass-attributes' (Molenaar 1991and 1993);

•

Specifying an (elementary) object type implys, to a certain extent, determining the
abstraction/complexity level of adatabase.

The classification hierarchy states explicitly which classes are generalized to which generic
classes.This can be visualized as ahierarchy of classes with the most generic classes at thetop
level. Classification hierarchy transformation can be donebased on IS-Arelationships between
object classes and IS-Arelationships referring to class generalization result in the combination
of several classes into a more general super class. It makes it possible to transform the more
complex model tothelesscomplex one.
Thefollowing section provides adetailed description ofthechanges related tothedata modelin
the context of classification hierarchy associated with adatabase. These changes are considered
tobe aset,within theframework of database generalization defined inthisthesis,and according
tothegiven definitions ofobject types orclass.
3.4.1.1.1 Changing theAttribute Structure of Object Typesfrom Detail to General
It means that changing the attribute structure of an object type from detail to general in the
classification hierarchy will result in a database transformation. It also induces the reduction of
the number of object types inthe existing data model. Changing the attribute structure of object
types of an existing geo-spatial model tothe ones atthe next higher level in the same hierarchy
would mean replacing the attribute structure of object types with the corresponding ones of
superobject types atthe next higher level and also imply transforming thegeo-spatial modelof
the database from alower abstraction level to ahigher abstraction level. Such a transformation
will lead to ageneralization process taking place, in order to convert instances of the sub-types
to instances of the super-types. There are two types of changing attribute structure of object
types incategorical database generalization:
Method 1: Thematic Generalization for All Classes Changing theAttribute Structure
of All Object TypesintheExisting Geo-spatial Model:
This will result in replacing all object types at the lowest level of the existing geo-spatial
model with their corresponding super object types in the same existing data model and
form a new data model associated with a categorical database. If all object types in the
existing geo-spatial model have the same detail level before change, then all new object
types in the new categorical database will have the samedetail level after change.The new
categorical database has a higher abstract level than the original categorical database.
Establishing anew geo-spatial model needs twosteps:
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1) SelectingAllObject Types Next HighertotheObject TypeinA Classification
Hierarchy
Let N o to a set of object types in existing geo-spatial model which correspond to object
types classification hierarchy (Tree0 )associated with the categorical database and E bea
set of relations among object types No ,and let Nn be all object types which correspond to
the object types in a new classification hierarchy (Treen ) associated with the target
database andlet En beasetofrelationsamongobject types Nn :
T r e e o = { N o , E o }.
Tree„={N„,E n };

If N„ C N 0 , a n d E „ C E„
then
Treen C Tree0
If Nn<No ,and if V toj Gall object types atthelowest levelinTree0
and Vthi• E. all object types atthelowest level inTreen then theredoes
notexist anobject typet ; inU,suchthat toj <t. and11 < thi•.
This means that allobject types nexthigher tothelowest object type inthe
classification hierarchy associated with anexisting database willbe
selected asanew geo-spatial model .Figure 3.10 shows thisprocess.The
part intheleft of Figure 3.10 which isincluded bydash linewillbedeleted
in anew geo-spatial model.
Thedifferent applications normally need different geo-spatial models in ordertomeet their
requirements and purpose. For the land management case, the different levels of
management such as local, regional and national need corresponding levels of database in
detail for itsefficient management.
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New Classification hierarchy (Tree )
O

Existing Classification hierarchy (Tree )

object type, — •

relation

Figure3.10 Example 1 ofclassification transformation
Figure 3.2shows a land useclassification hierarchy associated with aland usedatabaseand
Figure 3.11is itssubset. Comparing thesetwofigures, wefound that thelevelsinfigure 3.2 has
one more layer than those in Figure 3.11. This means that the database with land use
classification hierarchy in figure 3.11 is less detailed than the database with the land use
classification hierarchy inFigure 3.2.

L3

Pasture

Cultivated land

4V

/ A y

Forest

Transportation

LI
"Irrigated paddy

Irrigated land

Wood

Slashes

Figure3.11 ExampleofClassification hierarchy
Forexample, assuming irrigated paddy field isasuper-typeofobject types Riceand
Maize as shown in Figure 3.2,a newdata model that employs theobject type Irrigated
paddy field isusually less complex than another model that employs the object types Rice
and Maize. However, these two models have some inherent relationship duetotheIS-A
relationshipbetween object types Irrigated paddyfield andRice (andMaize).
2) ConstructingAttribute Structure perObject Typein ANew Geo-spatial Model:
LetAand Bbe object typesofthe existing model associated with aclassification hierarchy.
They have thedifferent attribute structure LIST(A) and LIST(B) respectively and Cto be
the super-object typeinthe samehierarchy which willbetheobject typeinnew data model
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with attribute structure LIST(C). The attribute structure LIST(C) of the super-object type
C can get through the intersection of the attribute structure LIST(A) of the object typeA
and LIST(B) of theobject typeB.Itcanbeexpressed as:
LIST(A)={A,,A 2 ,...,A„}
LIST(B)={B,,B 2 ,...,B„}
LIST(C)={C 1 ,C 2 ,...,C I I }
If A,B, C e U a n d A C C a n d B C C ,
LIST(C)=LIST(A)n LIST(B)={ A,. |A,.e LIST(A)n e LIST(B)}
and
Ext(C) =Ext(A) U Ext(B).
This means that the super-object type carries the common attributes of its sub object types,
and also means that an object not only inherits the attributes of its subobject type, but also
thosefrom the superobject types.
Method2: ThematicGeneralization ofSelected Classes—ChangingthePartof
Attribute Structure of Object TypesintheExisting Geo-spatialModel:
In some applications, some object types (classes) in a classification hierarchy associated
with a categorical database will be emphasized, while the other object types will be
suppressed. This will result in replacing part of the object types of an existing data model
with their corresponding super object types and keeping the rest invariant in the same
existing geo-spatial model and both parts will form a new geo-spatial model of the
database. This means that converting part of object types of the existing geo-spatial model
to their super object types which are application-relevant, while keeping the rest of object
types invariant. So the new database may have different detail levels for different object
types. This reflects that the objects and object types related to the application in the
generalized database will be enhanced, while the objects and object types unrelated or less
related tothe application willbeattenuated.Thesteps aresimilar to method 1.
1) Selecting Partof SuperObjectTypesand Object TypesfromA Classification
HierarchyasaNewGeo-spatial Model
LetN0 be aset of object types in anexisting geo-spatial model which correspond to object
types of a classification hierarchy (Tree n ) associated with the categorical database and
E 0 to be a set of relations among object types N 0 , and let Nn be all object types which
correspond to object types of a new classification hierarchy (Treen) associated with the
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target database andEn tobe aset of relations amongobject types N/( :
Tree,, = { N 0 , E 0 };
Tree„={N„,E„ };

N n = l t / i l ' t A 2 ' • • • ' */,„

)'

If N„ C N ( „ a n d E „ c E„
then
Treen C Tree0
If Nn <Nn ,andif 3 toi € all object typesatthelowest level inTree0
and 31hl• £ allobject types atthelowestlevel inTree ,thentheredoes
notexist an object typest ; inU,such thattoj < t(. andt.<thi..
This meansthatpart of thelowest object types and object typesat
nexthigher tolowest object typeintheclassification hierarchy associated
withtheexisting geo-spatialmodelwillbeselected astheonesinanew
classification hierarchy . Figure 3.12 shows thisprocess.

3

O

O

lO

O

O

Existing Classification hierarchy (Tree )
O

object type,

New Classification hierarchy (Treen)
relation

Figure3.12 Example 2of classification transformation
For a land evaluation case, the types of land use which need to be evaluated will be the
most important elements in the database. Its instances will be the most important
elementary objects. These objects do not need to be generalized in semantic except
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geometric conflict of objects such astoo small, too narrow etc.The other types of land use
in the database will need more to be generalized in semantic and geometric properties of
objects. Figure 3.13 which is derived from Figure 3.2 illustrates that the evaluation object
type rice is not abstracted in semantic aspect, whereas the other classes are more or less
generalized compared with Figure 3.2.
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Figure3.13 Exampleof classification hierarchy change
2) ConstructingAttribute Structure PerObjectTypeinANew Geo-spatialModel:
The attribute structure of the lowest object types in the new model will be the same as ones in
theexisting modelif theyremain
as the lowest object types in the new model, and if not, the method for constructing attribute
structureof object types isthesameasmethod 1.
3.4.1.1.2 Changing theDomainofAttribute
Each attribute has a name, a range of domain and the scale type of the domain as defined
before. In addition toobject types resulting in database transformation, changing therange, and
scale typeof domain of an attribute will alsoinduce thetransformation of adatabase and reduce
thecontents of thedatabase.
•

Changing theRangeofAttribute Domain

Changes in the range of the domain of an attribute will propagate to the spatial domain and
induce spatial repartition andresult in adatabase transformation.
Supposing that we have a land evaluation database in which each evaluation unit has an
evaluated value and an evaluated grade. Each grade has a range of the value within 100 as
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following:
High suitability

(100-80)

Suitability

(79 ~60)

Marginal suitability

(59~ 30)

No suitability

(29~0 )

If wechangetheabove valuesof thedomain of each attribute as following:
High suitability

( 100~65)

Suitability

(64 ~ 45)

Marginal suitability

(44 ~20)

Nosuitability

(19-0)

then thecontents of thedatabase will bechanged aswell.This change ofthe domain of attribute
will cause changes to the extension of each grade and the corresponding spatial distribution in
the sensethat thedatabase transformation hastaken place (seeFigure 3.14 ).

H(90)

M(40)

S(75)

N(25)

Figure3.14 Anexample ofchangingtherangeof attribute domain

•

ChangingtheScaleTypesofAttribute Domain

Similar to changing the range of the domain of an attribute, changing scale type of the domain
of an attribute will also result in database transformation. This transformation may or may not
reducethedetaillevel oftheoriginal database.
Figure 3.15 shows the case of scale type of the domain from nominal to an interval. Changing
the scale type of the domain results in changes in geometric and thematic properties of the
objects inthedatabase.
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10
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10, 30, 50, 60: value of each
unit of anexisting database.

A :

(0~49)

B: (51-100)

Figure 3.15 Example 1 of changing the scaletypeof attribute domain

Figure 3.16 shows an example of changing the scale type from nominal to ordinal. Changing
the scale type of the domain of an attribute also induces changes in geometric and thematic
properties of objects inthedatabase.

10-25

26-30

35-40

42-48

1

2

1 : (0-50)

2: (51-100)

Figure 3.16 Example 2of changing thescaletypeof attribute domain
3.4.1.1.3 Changing theCardinality ofAnObject"Type
The cardinality of an object type represents the number of objects which belong to an object
type.Changing the cardinality of anobject type will result in changing the number of the object
type in theexisting database. Reducing thenumber of objects of oneobject type in the database
will induce database transformation to take place. In a sense, this is a statistic generalization.
Before generalization, we should decide thenumber ofobjects for each object typetobekeptin
thenewdatabase.
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Transformation

How many objects which should appear in the generalized database are dependent on the given
particular application. Richardson (1993) proposes a method to decide how many objects for
each object type should be kept for a generalized database based on the Necessity Factor and
the Reduction Factor.
3.4.1.1.4 Changing the sum of object types
When the objects of one object type are transformed into objects of its super object type at the
next higher level in the database transformation process, the values of some attributes of each
object of the object type should be summed and the sum assigned to the attribute of the
corresponding super object type. For example, according to the hierarchical structure shown in
Figure3.2, super object type irrigated paddy has two object types rice and maize and there are 4
parcels (objects) which belong to object type maize and also there are another 3 parcels
(objects) which belong to object type rice. The area of each object belonging to rice is 5 ha, 40
ha, 30 ha and 50 ha respectively. The area of each object belonging to maize is 40 ha, 70 ha and
45 ha respectively. There are two ways to get the area of super object irrigated paddy. One is
summing each area of objects which belong to object type irrigated paddy before
transformation. It will be 280 ha. The other is computing the area of super object irrigated
paddy after database transformation. The two results may not be identical since the spatial
distribution of objects and the operations on the objects must be taken into account. These will
cause the area of the object to increase or reduce.
For example, there is a small object of object type Awhose size is in conflict with the geometric
constraint of the object and object type A has IS_A relationship with super object type B.
Supposing that the small object is adjacent to the objects of object type which has super object
type C. After merging the small object with its neighboring object, the area of the small object
will be added to the area of super type C and not to super object type B.Then object type B will
lose some area.
3.4.1.2 Transformation Based on An Aggregation Hierarchy
Similar to geo-spatial transformation based on a classification hierarchy, problems concerning
transformation based on an aggregation hierarchy are related to the aggregation hierarchical
structure as well as the properties of object types that a categorical database contains.
This structure also reflects some aspects of data abstraction and has the following
characteristics:
Composite object types at different levels in an aggregation hierarchy correspond to objects
of different complexities.
Specifying component object types implies, to a certain extent, the determination of the
complexity level of a database.
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•

Specifying a composite object type leads to a spatial abstraction and to more complex
thematic object description.

•

Acomposite object typecan bebuilt upfrom elementary object types and some composite
object typescan beputtogether tobuild upmorecomplex composite object types.

•

The links PART-OF relate a particular set of objects to a specific composite object and on
toaspecific morecomplex composite object (composite object type) and soon.

•

A composite-type can be the component object type of another (super) composite object
type.

•

The attribute structure of acomposite object type inherits completely or partly the attribute
structure of itscomponent object type at the next lower level or maybe there are some new
attributes which do not belong to the component object types to form attribute structure of
thecomposite object type.

The new data model will consist of these composite object types. Therefore, the relationships
PART_OFplay akey role in establishing an aggregation hierarchy and constructing anew data
model andtransforming thecontents ofthe existing database.
Itis necessary todefine composite typesby means of theirconstruction rules.Foreach levelof
an aggregation hierarchy, there should be some rules for selecting the objects that should be
aggregated to a particular composite object or selecting elementary object types to form
composite object type. These rules will be based partly on the topological relations between
objects (e.g.connectivity or adjacency) andpartly on the thematic relations among object types
(e.g.attribute structure ofobject types).
The detailed processes of transformation based on an aggregation hierarchy is conducted
through specifying rules which are involved inthematic, geometric and topologic aspects given
below:
•

Specifying PART-OF Relation Between A Composite Object Type and Component
Object Types (Between Classification Hierarchies)
Thematic rules specify the object types that build certain aggregated object types;
geometric-topologicrules specify which component objects form anaggregated object. Ina
sense, specifying or changing PART-OF relations between the composite object type
(object) and component object types (objects) means reconstructing aggregation hierarchy
and leads tobuilding a new geo-spatial model at an aggregation level. This will result ina
database transformation.
Figure 3.17 shows that component object type Yard and fields are aggregated into
composite object type Farm and this composite object type with an other composite object
type Vacant land to form a composite object type village and so on turn into county. A
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component object filed can only be PART-OF one farm, which can only be PART-OF
village,which isonlyPART-OFonecounty.

County

Farm

Field

Vacant

Yard

Buildingblock

Building

Garden

Figure 3.17 Exampleof aggregation relations oftypes
Note that when changing these specifying relationships between composite object type and
component object types, the aggregation hierarchy will be changed as well. This will result in
constructing anewgeo-spatialmodel andthetransformation of thedatabase.
•

Establishing theAttribute Structure of Composite ObjectType:
After specifying therelations between acompositeobject type andcomponent object types,
the attribute structure of each composite object type in the aggregation hierarchy must be
established. There are several methods to establish the intension of a composite object
type, which depends on the application requirements. In other words, the establishment of
the attribute structure of each composite object type is application-driven. There are
several possible approaches to build attribute structure of a composite object type. These
approachesare:
•

Establishing the attribute structure of a composite object type through a union of the
attribute structures ofits component object types.
Note that a composite object type consists of all the attributes of its component object
types. The attribute structure of the composite object type is aunion of its component
objecttypes.

•

Establishing the attribute structure of a composite object type through a union of part
oftheattribute structures of itscomponent object types
Note that a composite object type consists of part of the attributes of its component
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object types.The attribute structure of the composite object type is a union of part of
itscomponent object types.
•

Establishing the attribute structure of a composite object type through a union of part
of the attribute structures of its component object types and adding some new
attributes
Note that a composite object type consists of part of the attributes of its component
object types and some additional attribute to form the attribute structure of the
compositeobject type.

•

Establishing theattribute structure of acomposite object typebased on anew attribute
structure
Based on PART-OF relation between composite object type and component object
types, the attribute structure of a composite object type can be established without
taking the attribute structures of itscomponent object types into account. This depends
on the application case. The procedure of establishing intension of acomposite object
isthesameaspreviously discussed.

In fact, a database transformation process is conducted based on an aggregation hierarchy
through the rules which form the aggregation hierarchy and control the spatial operations on
objects inthedatabase.
3.4.2 Object Transformation
In the previous part, the aspects of changing the geo-spatial model have been discussed in
detail. The changes in a geo-spatial model associated with the database will cause changes in
geometric characteristics and attribute values of objects. In the following, it will be described
how the geometric characteristics and attribute values of the objects can be changed in the
database transformation. Due to the changes in the geo-spatial model, the original spatial
relationsamongobjects inthedatabasewillbechanged accordingly.
In contrast with changing a geo-spatial model, reorganization of the spatial partition by
aggregation of adjoining objects does, in general, not lead to a change in the map legend. The
geometric properties of objects which conflict with the constraints will result inobject changes.
This willbediscussed inthenext chapter.
3.4.2.1AspectsofObject Transformation
Object transformation consists of creating new objects of new object types, object aggregation
and assigning the attribute valuefor objects.
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•

Creating ANew Object ofANew Object Type

In section 3.4.1, establishing attribute structure of anobject type (or composite object type) ina
new geo-spatial model is discussed. The lowest object types in the new geo-spatial model are
instanced based onthematicrelations.This will result increation of new objects.
Let Scbe superclass
if o(. GScando E Scandadjacent [o,-,o . ]=1then
createou with
part [o,.,o„]=1 and part[o ; ., on]=1
part [o ; , on] and part[ o ., on ] express object o(and o are a part of object on
respectively.
•

ObjectAggregation

After creating new objects based on a new geo-spatial model, these new objects need to be
processed according to their thematic and geometric properties. For example, twonew adjacent
objects may have the same attribute structure. Some rules of object aggregation are identified
as follows:
•

Aggregating asetof objects toform anew object based ongeometric characteristics of
objects;

•

Aggregating asubsetof adjacent (connected) objects of the sametype or similar object
types, or a subset of adjacent (connected) objects of the same type that have the same
value(s) of acertain attribute toform anew object;

•

Aggregating a subset of adjacent (unconnected) objects of the same type or similar
object types, or a subset of adjacent (unconnected) objects of the same type that have
thesamevalue(s)of acertainattributetoform anew object;

•

Aggregating a set of objects to form a new object based on the object function in
which the related objects may not be within the framework of one classification
hierarchy. Forinstance, aggregating farm yards andfields intofarms, inwhich onlythe
farm yards and fields that are adjoining and belong to the same farmer should be
aggregated , and another example concerning the second case is to create an object
university by aggregating those element-objects that are adjacent and belong to the
sameobject university.

•

The boundary of the composite object can be defined only through the geometric and
thematic description of the component objects and spatial relationship among them,

Chapter3 Categorical DatabaseGeneralization Transformation
which means that the boundary of the composite object can be delineated by simply
aggregating the existing element-objects. For example, a building-block is defined as
an aggregation of all the adjoining buildings andgardens.
•

Assigning theAttributeValuesfortheObjects.

New objects need to be assigned some attribute values. The approaches for assigned attribute
values areidentified as following:
•

Assigning attribute values of each object of composite object type inthe newdatabase,
based on the corresponding attribute value of each object of the object type in the
original database.

•

Assigning attribute values for each composite object of a composite object type in a
new database based on the sum or average of corresponding values of its constituents
in the original database. For one application, object type Road may have attributes of
number-of-lanes and traffic-volume, whereas for another application these may not
appear.The value of the composite object maybe the sum or average value of lanesof
itsconstituents.

3.4.2.2 FormsofObject Transformation
Formsof object transformation couldbe:
•

An elementary object of an elementary object type is transformed into an elementary
object of an elementary object type.

•

Elementary objects of an elementary object type are transformed into an object of a
superobject type.

•

Component objects of a component object type are transformed into a composite
object of acomposite object type.

•

Composite objects of acomposite object type are transformed into acomposite object
ofhigher compositeobjecttype.

3.4.2.3 Typesof Object Transformation
Therearethreetypes of object transformation, identified as follows:
•

1-1:An object in a source database is transformed into an object in a target database.
The dimension of theobject inthetarget database maybe changed, such asareatoline
or line to point. This transformation mainly is controlled by semantic and geometric
constraints. There is a special case, in which an object in a source database is deleted
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andthisobject will notexist inatarget database as shown inFigure 3.18.

£
Figure3.18 Exampleof 1:1 mapping
M-l: Grouping aparticular setof objects inasourcedatabaseintoaspecific composite
object in a target database based on semantic relations (PART-OF,IS-A), and adjacent
(connected or unconnected) relations amongtheobjects asshown inFigure 3.19.

:K
Figure3.19 Exampleof M:l mapping
M-N: A set of objects which reflect (represent) some spatial pattern such as
transportation network and drainage network in a source database are transformed into
a higher level set of objects keeping the original spatial pattern structure intact in a
target database asshown inFigure 3.20.

Figure3.20 Example of M:N mapping
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3.4.3 RelationTransformationAmong Objects
Depending on the application domain, some spatial relations may be more important than
others.Asfor database generalization in which the data areorganized byFormal Data Structure
(FDS) for a single valued vector map, we only use connectivity, adjacent, inclusion and
proximity relations for database generalization. The object transformation from a source
database to a target database will result in changing connectivity, inclusion and proximity
relations among objects in a target database. The proximity relations or inclusion relations
amongobjects atonedetail level cannotbedistinguished atalessdetailed level.Several aspects
which causechanges inrelations havebeen identified as following:
3.4.3.1 CausesofRelation Changes
•

Changing the geo-spatial model of a database resulting in spatial and relationship
changes among objects and object types, such as two spatial adjacent objects with
different attribute structures. When the geo-spatial model is changed and the two
object types which belong to two different object types respectively become one
general object type, the two objects will have the same attribute structure after
transformation. Thiswill result inchanging theoriginal spatial and semanticrelations.

•

Changing geometric characteristics of a spatial object results in spatial relationship
transformation, for example, changing the geometric shape of objects, and merging or
simplifying or deleting objects will result ininclusion and adjacent changes.

•

Changing the spatial relation of any two objects will result in spatial relationship
transformation among objects, for example, changing distance relation among objects
willlead toaspatialrelation changefrom visual adjacent to adjacent.

•

Changing the thematic characteristics of spatial objects will result in spatial
relationship transformation, for example, changing two adjacent objects with different
attributes into two objects with the same attribute will result in losing the adjacent
relationbetween twoobjects which will disappear.

3.4.3.2 Formsof ChangingSpatial Relations
Theforms ofthe spatialrelation changes can beidentified as follows:
•

Proximity relation disappears when the distance between the neighboring objects is
lessthanthedistance threshold amongtheobjects asshown inFigure 3.21;
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Figure3.21 Exampleofaproximityrelation change
Inclusion relation between twoobjects disappears whentheobject which isincludedin
another object violates the geometric constraints or when they share identical or
similar attributes after transformation asshown inFigure 3.22;

%*
\
Figure3.22 Exampleof aninclusion relation change
Connectivity relation between two objects disappears when they share identical or
similar attributes after transformation or when one of them violates geometric
constraints asshowninFigure3.23;

"1

Figure3.23 Exampleof aconnectivity relation change
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Visual connectivity relation is changed into connectivity relation when the distance
between two objects is too narrow and these two objects belong to different object
types asshown inFigure 3.24.

Figure3.24 Exampleof avisual connectivity relation change
3.5 Transformation Operations
The basic operations related to database transformation can be categorized into two types. One
is the operations on the geo-spatial model or object type associated with adatabase which will
leadtochangesinthe abstraction levels;theotheristheoperations onobjects inthedatabase.
•

Operations onGeo-spatial Model

Based on theconcepts of geo-spatial modeltransformation discussed previously ,operations on
thegeo-spatial modelcanbeidentified as follows:

•

•

Select: Selecting a set of object types from an existing data model to form anew geospatial data model associated with a database or selecting attribute items from the
attribute structure of anobject typetoform theattribute structure of anew object type.

•

Add:Adding some attributes to the attribute structure of an object type in an existing
data model to form an attribute structure of a new object type in a new geo-spatial
model.

Operations onObjects

Reducing the number of objects in a database is the main task in the database generalization
(transformation) ( Molenaar 1998, Weibel 1995). The operations on objects should reflect the
characteristics of reducing the number of objects in the database. Three operations on objects
willbeinvolved inthisthesis.
•

Select: a selection operation that selects objects of object types associated with anew
geo-spatial model from the existing database to form a target database based on the
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requirements of application andconstraints.
Aggregate: an aggregation operation that reduces the number of objects by merging
objects which are adjacent in spatial and have the same object type or similar in
semantics to build a single new object. This operation includes the dissolution of
boundaries of these objects tobuild anew object and assignment of anew valuetothe
new object (at ahigher aggregation level).For example, acluster of small objects may
becombined toform alargerobject with someassigned attributevalues.
•

Delete: a deletion operation that deletes the objects which are unrequired within an
object typeinthe newdatabase.

3.6 AFramework of Transformation
To implement the database generalization, four stages can be taken into account. They are
definition of a new geo-spatial model which is associated with a new database, data model
transformation, object transformation and relation transformation. In a sense, data model
transformation controls the object transformation and relation transformation. Relation
transformation is alsogoverned byobject transformation. Figure 3.25 illustrates thesestages.
3.7 Conclusions
This chapter presents the contents and the framework of database generalization. The database
generalization as atransformation should include defining anew geo-spatial model, geo-spatial
model transformation, object transformation and relation transformation based on related
concepts of geo-data and GIS discussed in Chapter 2. The formalization of classification
hierarchy and aggregation hierarchy should be defined first according to the intension and the
extension ofaclass orobject type.
The classification and aggregation hierarchies play an important role in linking the definitions
of spatial objects at several scale levels and constructing a geo-spatial model. They are
application-dependant. An adequately supporting geo-spatial model provides a description of
object types and the relationships among them. IS-Arelationship in the classification hierarchy
and PART-OF relationships in the aggregation hierarchy relate a group of objects of lower
object types to the objects of corresponding object types at the next higher level. Changing
thesetwo types of relations will change thedata model and result in adatabase transformation.
In an information abstraction process it is frequently necessary to build instances of the
composite-typeusingtheexistingobjects ofthecomponent-types.
Object and relation transformation deal mainly with the preservation of typical shapes (on the
object level) or withthepreservation of spatial patterns andalignments of objects, whereas geospatial model transformations deal with the preservation of the logical context of objects and
degree of detail (on the object type level). Geo-spatial model transformations control object
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transformations andrelation transformations.
Before transforming an existing database to a new database, the geo-spatial model of the new
database must be defined and the constraints which will influence the transformation must be
identified and classified. They are application-dependant. Transforming the objects and
relations among the objects from the existing database to a new database is the objective of
database transformation. The transformations of objects are involved with the geometric and
thematic properties of the objects. The transformations of relations include ones of spatial and
semanticrelations.
The operations in the database transformation are divided into two types: (1) on the object
types and (2)onthe objects.

Classification hierarchy

I

Defining new geo-spaliai model

Aggregation hierarchy

model transformation

Replacing the existing model
with new model

Changing the thematic
attributes of the objects
Objects transformation
Changing the geometric
attributes of the objects

Changing spatial relationships
among the objects
Relationships transformation
Changing semantic relationships
among the objects

Figure3.25 Aframework of database transformation
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Chapter 4
Constraintsin
Categorical Database Generalization
4.1 Introduction
As pointed out earlier, database transformation is based on some conditions and applicationdependant rules. In this chapter, the classification of constraints is developed and the scope of
these constraints is examined. The concept of transformation unit is given on the basis of the
constraints and transformation requirements.Thetransformation unit (tobe discussed in section
4.4 of this chapter) defines the processing unit which will consist of a set of objects based on
their geometric, thematic and spatial relation characteristics in the process of database
generalization transformation. Finally, the relationships between constraints and operations are
discussed.
4.2 Constraintsfor Database Transformation
Some authors have discussed constraints in map generalization, such as Robinson et al. 1985,
Brassel and Weibel 1988,Kemppainen 1992,Weibel and Dutton 1998,Beat and Weibel 1999,
Beard 1991, Ruas 1998, 1999 etc. In the context of map generalization, a constraint can be
defined as a design specification to which the solutions of a generalization problem should
adhere (Weibel andDutton 1998).
4.2.1 Constraints
Inthe context of database generalization, constraints canbe defined as aset of specifications or
conditions of a geo-spatial model, geometric and thematic characteristics of objects, and
relationships among objects in a target (or generalized) database. This set of specifications
governs or guides the process of database generalization transformation. They specify the
nature of a database to be produced or to be generalized. Two types of constraints can be
identified. One is the generalization constraints which incite generalization (e.g. size is too
small) and the other is the maintenance constraints which incite the preservation of a
characteristic. These constraints are essential to preserve the geographical meaning, to identify
connections between constraints and methods and to build a new database or to generalize an
existingdatabase.
4.2.2 Functions of Constraints
During theprocessof generalization, constraints maybeused:
• Toprovide steering parameters for how manyobject types and objects should appearina
databasegiven aparticular context andresolution, e.g., somethreshold values suchas
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density, proximity, maximum and minimum etc,moreover, apriority ofconstraints derived
from theexamination of attributevaluesand theproposed generic generalization
specifications.
•

Todetect andidentify areas and objects which violatetheconstraints,for example,by
matching objects with theobject constraints toevaluatethequantity and severityof
constraint violations;
Tocreatetransformation units;

•

Toguidethechoiceofoperators and generalization process according toconstraint
priorities;

•

Tocontrol theprocessof generalization andtheeffect of analgorithm bydetecting
constraint violations onobjects after each transformation.

When the process of generalization begins, we should be able to recognize and qualify
constraint violations and characteristics associated with the information we have to generalize.
Such characterization relies onthecomputation through appropriate methods ofanalysis.
For the categorical database transformation, we should specify: which object type (classes),
what minimum size for the object of each object type (class) and which classes of component
objects are to be used to build a composite object of this type etc in the new database before
transformation. These aretheexamplesof constraints.
4.3 Classification of Constraints
From amapgeneralization pointof view, some authors (Beard 1991,Ruas 1998,andBeat,Pand
Weibel R. 1999) have proposed some classification of constraints such as classifying
constraints into four classes: graphic, structural, application and procedural. The discussion on
theclassification of constraints concentrates more oncategorical database transformation inthis
study. The classification of constraints should take the aspects of a geo-spatial model, spatial
and semantic properties of objects and relations among objects into account. Constraints may
further bedistinguished bytheirscope.
4.3.1

Classes of Constraints

The main objective of constraints is specifying thenecessary conditions that define aparticular
problem andorganizing them consistently. Constraints canbecharacterized invarious ways.In
ordertocorrespond withthetypesof database transformation discussed inthelast chapter,we
adopt thefollowing categories:
•

Geo-spatial model constraints

•

Object constraints

70

Chapter 4 Constraints in Categorical Database Generalization
•
•

Relation constraints

Constraints on Geo-spatial Model:
Constraints on a geo-spatial model define the new classification hierarchy and aggregation
hierarchy associated with a target categorical database, decide how many object types
should appear in a target database given a particular context and detail level, and determine
the domain of each attribute, scale type of the domain of attribute and cardinal of object
types. At the same time, the semantic relations among the object types should be clearly
defined. Geo-spatial model constraints deal with the preservation of the logical context of
objects and degree of detail.

•

Constraints on Objects:
Constraints on objects specify the requirements of the geometric and thematic properties of
the objects in the (generalized) target database. They provide some steering parameters and
determine which objects can be retained after generalization in the database, such as
minimum size properties which are mainly dictated by application requirements, not by
graphic limits, and in which reasonable representation is emphasized, not legible
representation.

•

Constraints on Relationships:
Constraints on relationships ensure existing relationships of connectivity, adjacency and
containment between objects and between object types are maintained. Maintaining
relationships in the attribute domain is equally important. To generalize a set of objects, it
is necessary to have a great deal of information on spatial and semantic relations of objects.
The object and relation constraints deal mainly with the preservation of typical shapes (on
the object level) or with the preservation of patterns and alignments (relationships among
objects) if multiple objects are involved.

4.3.2 Scope of Constraint Classes
Constraints may further be distinguished by their scope. The three types of constraints are
discussed more in detail in the rest of this section. The objective is to understand the ontology
of these constraints and how they can be used in the generalization process.
4.3.2.1 Constraints on A Geo-Spatial Model
In the categorical database, the geo-spatial model is a kind of multi-level structure (hierarchy).
Both classification hierarchy and aggregation hierarchy reflect a certain aspect of data
abstraction. They play an important role in linking the definition of spatial objects at several
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scale levels (Molenaar 1996,Peng 1997,Pengand Tempfli 1997,Peng,2000,Richardson 1993
and Smaalen 1996).
Based on the discussion about the relationships between a geo-spatial model, and a
classification hierarchy and an aggregation hierarchy in Chapter 2, constraints on a geo-spatial
model can be divided into constraints on a classification hierarchy and constraints on an
aggregation hierarchy.
•

Classification Hierarchy Constraints
Object types at different levels in a classification hierarchy correspond to data of different
complexity. In this sense, specifying an (elementary) object type, to a certain extent,
determine the abstraction/complexity level of a geo-spatial model. Changing the object
types of an existing data model to the ones at a higher level in the same hierarchy would
mean transforming the data model from a lower abstraction level to a higher abstraction
level (Peng 1997) .The constraints on the classification hierarchy which control the
processes andabstraction levels of generalization mayinclude:
Theme ofageneralized database;
Hierarchical structure associated with anexisting database;
Attribute structure of each object type;
Intension ofeach object type;
Domain of attribute;
Cardinal of eachobject type;
Lowerlevels inthehierarchycorrespondingtolower abstraction levels result in more
complex data, including boththematic and spatial aspects;
Higherlevels corresponds tohigher abstraction levels lead toless complex data;
Level in which anobject type is located inits associated classification hierarchy
corresponding tothedegreeof abstraction;
Number ofelementary object types;
Number of attributes contained inanobject type;
Oneobject onlybelongingtoaclass andasuperclass.
Aggregation Hierarchy Constraints
A composite-type can be the component-type of another (super) composite-type. This
implies that replacing the component-types in a model by their composite-type will result
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intransforming the model from alower abstraction level toahigher abstraction level (Peng
1997).Constraints for aggregation hierarchy mayinclude:
Themeof ageneralized database;
Hierarchical structure associated with anexisting database;
Composite-types in the hierarchy corresponding to higher abstraction levels will result
inlesscomplex data;
Component-types corresponding to lower abstraction levels will result in more
complex data;
Level in which an object type is located in its associated aggregation hierarchy
corresponds tothedegreeof abstraction;
Level in which the associated domain of an attribute of an object type is located in its
associated aggregation hierarchy corresponds tothedegreeof abstraction;
Attribute structure ofcomposite object types;
Number of attributes contained inan object type;
Number of composite-type;
Specifications (rules) specifying the component types of the component objects for
building acomposite object ofthistype;
Specifications (rules) specifying the geometric and topologic relationships among
these objects;
Part of relationship specifying a specific composite object and its constituent parts at
different levels.
Specifications specifying a specific object type and its constituent parts at different
levels.
4.3.2.2 Constraints onObjects
The spatial object is an instance of anobject type.Object types areclasses of spatial entities ina
geo-spatial model. Inrealty, they maybe aroad, city,river, land useunit and soon.Threetypes
of constraints canbe identified based onthe characteristics of spatial objects. Theyare thematic
constraints, geometric (spatial) constraints and temporal constraints. Temporal constraints and
theirrelated aspects arenotdiscussed inthis study.
•

Thematic Constraints
Thematic constraints are specifications that indicate the thematic abstraction level of the
objects in adatabase generalization. Theywill include:
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•

The same geo-phenomena should be described by the same thematic resolution
throughout theentire database;

•

No object has common boundaries with other objects having the same object type. If
thecaseoccurs,the separatingboundary isdropped;

•

Adjacent (connected) objects which belong todifferent object types maybe aggregated
iftheybelong tothesame superobject type;

•

The area of a small eliminated object should be added to the area of the object which
has highest similarity with the eliminated object among its neighboring objects, or be
averaged to the area of each neighboring object if its neighboring objects have almost
thesame similarity with it;

These aspects, and the number of object types that a database contains, determine the thematic
constraints of the database.Thematic constraints mayberanked bynominal, order, interval and
ratio,butcannot be measured.
•

Geometric Constraints andSpatial Pattern
The geometric (spatial) constraints of objects in adatabase mainly deal with aspects of the
size, width and distribution structure of objects. It mainly meets the requirements of
application. Inother words,theyareapplication-dependent. Itcomprises:
• Minimum object size(minimum sizefor areaobjects, orminimum length for line
objects);
•

Minimumdetailoftheobjects thatadatabasecan contain

•

Minimum spacebetween objects, i.e.,objects of adifferent object typemaybe
aggregated ifthedistancebetween themisless thantheminimum spaceorobjectsof
thesameobject typemaybeamalgamated if thedistancebetween them islessthanthe
minimum space;

•

Preserve theglobal distribution of objects;

•

Preserve typical shapes and angularity of objects ofeach object type;

•

Preserve thegiven sizedistribution of objects for eachobject type;

•

Theboundaries of theobject of asuperobject typeorcomposite object typemust
coincide withtheboundaries ofthegeometric union oftheboundaries ofthe
constituent objects.

These two aspects of constraints of spatial objects apply partly to objects of an object type,
partly to theentiredatabase, and may takedifferent values for different object types inthe same
database.
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4.3.2.3 Constraints onRelations among Objects
Two types of relation constraints can be identified for spatial objects. They are spatial relation
constraints and semantic relation constraints on objects. Spatial relation constraints are
classified into topological relation constraints, direction relation constraints and distance
relation constraints. Depending on the application domain, some spatial relations may be more
important than others. We apply topological relationships (connectivity, adjacent, inclusion),
distance relation anddirectional relationtoadatabase generalization.
•

Topological Relations Constraints
Topological relationships determine the neighbors of one object. They constrain the
behaviors of objects in spatial aspects. Topological relations should be preserved after
generalization inthedatabase.Topological relations constraints mayinclude:
Topological constraints deal with basic topological relationships like connectivity,
adjacency and containment, which shouldbemaintained when data are generalized.
Anobject mustnotmoveacrosstheboundaryof another object;
Avoid introduction of illogical neighborhood relations (e.g.,housesinalake);
Avoid separation of anobject when deleting parts of it,i.e.,maintaining connectivity;
Avoid introduction of self-intersection of object outlines;

•

Directional Relation Constraints
Cardinal directions describe, qualitatively, the orientation between objects (Frank 1991).
The directional relationship between two objects is an important spatial property and can
also be used as selection criterion for retrieving objects from a database. A set of spatial
objects havingcertain alignments andpatterns alongacertain direction inadatabase reflect
spatial distribution property of geographical entities.These alignments and patterns of the
objects should be preserved after generalization. The direction relation constraints may
include:
•

Preserve typical alignments andpatterns ofobjects within agroup ofobjects inspace;

•

Preserve therelativelocationof oneobject inrelation toother ones after
generalization;

•

Objects ofthesameobject typemaybeamalgamated if theyaredistributed inacertain
direction and thedistancebetween themislessthan theminimum space;

•

Objects of different object types maybe aggregated iftheyare distributed inacertain
direction andthedistancebetween themislessthanthe minimum space.

75

Chapter4 ConstraintsinCategoricalDatabase Generalization
•

DistanceRelation Constraints
Distancerelation can bedescribed asthe approximation amongobjects inthedatabase.
The distance constraint specifies the distance between two objects that can be merged in
database generalization. Distancerelation constraints maycontain:
•

•

Avoid merging twoadjacent objects of the sametypewhen thedistancebetween them
islargerthan theminimum space;

Semantic Relation Constraints
Semantic relations are also of essential importance to reduce the number of objects in an
object type. Semantic relation between two objects limits object behavior in the semantic
aspectinthedatabase.
These constraints depend on the database specification. Semantic constraints should be
used asindicators.Theymaycontain:
•

Objects of a sub object type having IS-A relationship may be amalgamated toform an
object ofthehigher object type;

•

Objects of a component object type having PART-OF relationship may be aggregated
toacomposite object ofthecomposite object type;

•

Objects of a composite object type having PART-OF relationship may be aggregated
toacomposite object of thehighercomposite object type;

•

Asetof small objects havingthe same similarity in semantic aspects maybemerged to
alarger object;

•

Anobject having aspecific function should be maintained.

4.4 Transformation UnitBasedon Constraints
The existing database must be transformed if the contents of the existing database do not meet
the user's requirement. We call the object and object type which violate the constraints as
conflicted object and conflicted object type respectively. For example an object whose area is
too small violates a size constraint, two objects too close violate a distance relation constraint.
Wecan say that the process of database transformation is the one of solving conflicted objects
and object types.
The transformation of the conflicted object does not necessarily show a 1:1 relation between
objects from both the existing database and the target database. In fact, the process of solving
conflicted objects is one of analyzing and making a decision about the conflicted objects. Not
onlyhavethe shape, size andthematic information of conflicted objects tobeanalyzed, but also
adjacency (connected or unconnected) between objects. Alignment and global distribution also
need tobe checked. In order to analyze, describe and transform (generalize) conflicted objects,
a notion of transformation unitisintroduced which is used toidentify, formulate and represent
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the properties of aconflicted object and its neighboring objects as well asthe relations between
theseobjects.
4.4.1 Transformation Unit
A transformation unitisagroup of objects orobject types,in which there are adjacent relations
among these objects or semantic relations among these object types and there is at least one
object or object type violating the constraints. In building transformation units, the conflicted
object is the seed around which a set of objects which have an adjacent relationship with itcan
be found to form a transformation unit. The conflicted object and the adjacent relation are
essential to creating a transformation unit. The transformation unit plays an important role in
the aggregation process in this thesis.For example, atransformationunitobject can be agroup
of closeland useobjects oradistrict, atownorastreetnetwork within atown.
A spatial transformation unit can be expressed as a set of objects. Given a set of objects
0={o,, o 2 ,..., o n }, and a set of conflicted objects O j = { o s , , o j 2 ,...,o j m } C O .
Transformation unitcanbeformalized as follows:
LetTUbeasetof transformation units;
tu,.G TU;
tu,={ o-l o„ S 0 A o,.| o .G OAadjacent (o ., o.)} ( l < s i < m ,
'

SI

si

S

J

J

•>'

J

l<j<n).
Where:
tui : itransformation unit.
When the process of generalization begins, we should be able to recognize and qualify
conflicted objects and construct transformation unitsbased on them sincethey arethetriggerof
the transformation.
4.4.2 Characteristics ofTransformation Unit
Thecharacteristics of atransformation unit aregivenbelow:
•

A transformation unitis abasic unit, which gives specific information on data organization
in order to get a better understanding of geographic meaning; The characterization of a
transformation unit is always driven bygeneralization purposes.

•

A transformationunit is a trigger of the generalization transformation. It indicates where
needstobe generalized;
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Atransformation unitlimits thearea andthenumberof objects tobeprocessed atonetime;
•

A transformation unit is a controller. According to the new database specifications, the
constraints are utilized to limit the problem space. These constraints can be used to control
and guide the process of database generalization transformation. As long as some
constraints areviolated, theprocess of generalization will becarried on;

•

A transformation unit may be described by means of specific rules such as Constraint
DelaunayTriangulation (CDT) used dynamically.

•

A transformationunit may limit the range when analyzing certain relationships between
geographical objects.

•

A transformationunitsimplifies the spatial analysis process.Generalization requires adeep
spatial analysis aswehave toremove alarge setof information butwedonotknow apriori
which information should be removed since a random shift and deletion of objects is
intuitively not agood generalization method.

•

A transformationunitallows us to greatly simplify reasoning in the generalization process
and ishelpful for choosing an aggregation operation.

4.4.3 TypesofTransformation Unit
Peng (1997) groups all objects in the database into three types according to the their geometric
structure and spatial distribution such as linear-generalization-units, complex-generalization
units and simplex-generalization-units. Ruas (1998) classifies the objects into Macro,mesoand
micro classes from the geographic analysis point of view. We categorize the objects in a
database into semantic transformation unit, complex transformation unit and simple
transformation unit based on the concepts of constraints for aggregation operation purposes in
this study.
The object type transformation unit, simple transformation unit and complex transformation
unit perform different roles during thegeneralization process.
•

Semantic Transformation Unit

Asemantic transformation unit consists of at least oneconflicted object type and aset of object
types which have the same super object type at the next higher level or the most similarity to
theconflicted object type inthe hierarchy associated withthedatabase.
An object type transformation unit is necessary to control the quantity evolution and
transformation of semantic and thematic aspects of a class. A set of sub object types which
belong to an object type or are specified to a composite object type is a typical object type
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transformation unit. An object type transformation unit gives information to its component
objects tocontrol quantity evolution.
•

Simple Transformation Unit

Asimpletransformation unit consists of a conflicted object and its 1st neighboring objects
withadirect adjacent relation (seeFigure4.1 (a)) orvisual adjacent relation (seeFigure4.1
(b)) withtheconflicted object.

(a)

(b)

Figure4.1 Exampleof asimple transformation

•

Complex Transformation Unit

Acomplex transformation unit comprises aconflicted object and aset ofobjects with 1stand2nd
neighboring relations to the conflicted object. There are many types of complex transformation
units. Figure4.2showsoneexample.

Figure4.2 Exampleof acomplex transformation unit
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These three kinds of transformation units are basic concepts for constructing other types of
transformation units and the other transformation units can be composed of them. The
construction of transformation units in categorical database generalization will be discussed in
Section 6.2.
4.4.4 Examplesof Transformation Units
Basically, generalization istheprocess ofachange of state aspointed outinthe last chapter. At
a specific time an object is active. If it is a conflicted object, it is the seed to construct various
transformation units.
In the process of database generalization transformation, the constraints are analyzed and
identified. All objects and object types selected for a generalized representation are tested
against these constraints and any objects violating constraints are tagged as requiring seeds.
Transformation units are constructed according to these conflicted objects and object types.
Generalization operations orotheractions arethen used tocorrect theseviolations.
In order to illustrate these principles several transformation unit examples which are based on
theconflicted object type andconflicted object aregiven below:
Case 1: Anobject that istoo small andthe adjacent objects around itform a transformation
unit. Figure 4.3 (a) depicts a transformation unit with a too small conflicted object c.
Figure 4.3 (b), (c) and (d) show the possible results of transformation (this will be
discussed inmoredetail inChapter6).

(a)

(b)

(c)

(d)

Figure4.3 Case 1 of atransformation unit and its transformation
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Case 2: Asetof small objects toform atransformation unit.Figure4.4 (a)depictsa
transformation unit with a set of small conflicted objects .Figure 4.4 (b), (c) and (d) show
thepossibleresults oftransformation (thiswillbediscussed inmoredetail inChapter6).

(a)

(b)

(c)

(d)

Figure4.4 Case 2of atransformation unit andits transformation

Case 3 :If the distance between two objects is too short and less than the threshold, then
they form a transformation unit. Figure 4.5 (a) depicts a transformation unit with a short
distance between two objects, conflicted object A,B. Figure 4.5 (b), (c) and (d) show the
possible results oftransformation (this willbe discussed inmoredetail inChapter6).

(a)

(b)
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(c)

(d)

Figure 4.5 Case 3of atransformation unit andits transformation
Case 4 : A small object which is included in a larger object with its 1st and 2nd
neighboring objects to form a transformation unit. Figure 4.6 (a) depicts a transformation
unit with a small conflicted object A. which is included by another object. Figure 4.5 (b)
and (c)show thepossibleresults of transformation (this will bediscussed in moredetail in
Chapter6).

(a)

(b)

(c)

Figure4.6 Case4of atransformation unit andits transformation

Itis notedthatall aboveexamples oftransformation are semantic-driven.
4.5 Representation of Constraints and Operations
The constraints and the operations play an important role in database generalization. Unlike
each rule corresponding to an operation, the constraints correspond directly tothe operations in
database generalization. Constraints allow us to indicate where an action should be performed
and how toconstruct transformation units.Theoperations perform theactions of generalization
in support of data reduction in the database. If we want to use constraints as triggers to build
transformation units, we need to represent them in the database. Some constraints apply partly
to objects of an object type, partly to the entire database (object type), and they may take
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different values for different object types in the same database. The constraints such as the
attributes of the objects and the operations such as the methods of the objects can be
encapsulated in classes according to Object-Oriented programming. They have the inheritance
and polymorphism properties. The relationship of the constraints and the operations can be
established andrepresented bytheobject-oriented method.
•

Constraints related to an object can be represented by means of attributes at the object
level (e.g. area too small, line too detailed) with either a flag or aquantitative value which
describes the severityof the violation;

•

Constraints related to aclass of objects can be represented attheclass level orbymeansof
a specific attribute which is a constraint table that should be consulted during the process
(Ruas 1998);

•

Operations such asthemethods of theobject canbeencapsulated inclasses.

Aconstraint violation occurs when an object or a set of objects do not respect aconstraint. For
example an object whose area is too small violates a size constraint, two objects too close
violate a distance constraint. An object violating the constraint will form a transformation unit
as discussed in section 4.4.4. Some operations will need tooperate on this transformation unit
and solve the violation. Operations are chosen depending on application purpose and types of
transformation units (to be discussed in chapter 6). Operations are applied to a database to
correct, or preserve conditions specified by transformation units. In the context of this
approach, the function of an operation must be clearly defined to anticipate or predict how it
willinteract withtransformation units which arecaused bythe constraints.
4.6 Summary
Constraints describe explicitly either asetof thetransformation specifications which mustbe
respected indatabase transformation orsomeinformation intheexisting database which must
be maintained inthetargetdatabase after transformation.
Constraints such as transformation conditions play a key role in the process of database
generalization. Constraints can be used to identify conflict area, guide the choice of operations
and trigger operations. They guide and govern database generalization. The processes of
generalization should beperformed byaseries of operations underthecontrol ofconstraints.
Constraints can also be classified into triggering constraints which will trigger some
generalization operations and outcome constraints which will can stop generalization
operations.
Three such types of constraints as geo-spatial model, object and relations based on an objectoriented database havebeen proposed incategorical database generalization. Constraints can be
specified interactively by users and varied to reflect different objectives or purposes. All three
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types of constraints are application-dependent. This will make the database generalization
process very flexible/adaptive. And it ensures that decision-making is based on geographic
meaning and not simply onthegeometry of objects.
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Chapter5
Supporting Data Structure
5.1 Introduction
Database generalization is a complicated process of spatial analysis, decision-making and
transformation of datasets. Whether or not a spatial object is changed not only depends on its
geometric and thematic properties, but also the spatial relations and the semantic relations with
itsneighboring objects, and onecanaffect theother aslongasthey areneighbors direct.
Before a database transformation process is created, the new data model associated with anew
(generalized) database needs to be specified. In a transformation process, the state of objects,
spatial relations and thematic relations between objects and between objects and object types
and between object types need to be examined, detected, identified and analyzed. Such a
process will change the geometric and thematic properties of spatial objects whereas the spatial
relations need to be maintained dynamically in order to meet transformation requirements.
Dynamic maintenance of adjacent relations is a critical issue in the database transformation
process. Database transformation requires a data structure which strongly supports data
organization, spatial analysis and decision-making in a database. If there is no such data
structure, a process involving a probably heavy computation and complicated algorithm is
necessary in order to detect two adjacent objects and the dynamic maintenance of spatial and
semantic relations is very difficult in order to complete the transformation process.The design
of adata structure should take twofunctions into account. Oneprovides thebasis for describing
and organizing spatial objects and the relationship among them and the other is for analyzing
and supporting operations on spatial objects.
This chapter gives an outline of Formal Data Schema (FDS) and Constrained Delaunay
Triangulation (CDT) first and then presents an Integrated and Extended Formal Data
Schema(IEFDS). The FDS will be extended in formalization of spatial objects based on
geometric properties of CDT and in extending adjacency and inclusion relations between
different types of objects based on the roles of CDT, and in enhancing analysis function based
onintegration ofFDSandCDT.The spatialquerybased onthisdata structure is alsodiscussed.

5.2 Formal DataSchema and Constrained Delaunay Triangulation
This section will introduce briefly the concept of Formal Data Schema for single valued vector
maps developed by Molenaar (1989, 1991) and constrained Delaunay triangulation (Delaunay
1934;G.Macedonio andM.T.Pareschi, 1991;VictorJ.D.Tsai 1993).
5.2.1 Formal Data Schema
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Formal Data Schema for single valued vector maps (SVVM) is an object-oriented topological
(conceptual) data model, which combines aspects of object-oriented and topologic data model,
point, line and area objects are represented with their geometric and thematic aspects. Their
geometric representation contains information about topologic object relationships, whereas
their thematic description is structured in object classes that may form generalization
hierarchies. Such classification hierarchies in combination with the topologic object
relationships of FDS support the definition of aggregation hierarchies of objects. These
classification hierarchies and aggregation hierarchies play an important role in linking the
definition of spatial objects at several scale levels ( Molenaar 1996. Peng 1997, Peng and
Tempfli 1996,Richardson 1993and Smaalen 1996). Thedata structure consists of:
•

Three object types, namely point object, line object, area object, classified according tothe
geometric description ofthe spatial object;

•

Five geometric data types (geometric primitives), including coordinates, node, edge,
triangle and face, the definition of which is based on planar-graph theory at node-edge
level;

•

A set of links between geometric data types (g-g links), and a set of links between
geometric data types and object types (g-f links). It supports a number of elementary
topological relationships, including area-area, line-line, point-point, area-line, area-point,
andline-point relationships.

•

The whole structure is shown in Figure 5.1 ,in which, the term 'feature' is equivalent to
'spatial object', and the boundary of an 'area feature' is implicitly described by a list of
arcs.

M: I relations

Figure5.1 Asingle-theme data model (after Molenaar 1989)
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Based on the characteristics of the categorical data and the database discussed in Section 2.5
and the properties of FDS, FDS will be a good conceptual data model to organize the
categorical data for thepurpose of database generalization.
The structure was extended to handle elevation by Pilouk and Temfli (Pilouk and Tempfli,
1993) and further developed to handle 'multi-themes' by Kufoniyi and Pilouk (Kufoniyi and
Pilouk, 1994).Atetrahedron-based data model was alsoused tohandle 3DModelling byPilouk
(Pilouk, 1996).Ageometrically enhanced FDS was introduced byPeng(1997).
5.2.2 ConstrainedDelaunay Triangulation
A Delaunay triangulation is generally defined as atriangulation W(N, E,T) of a set of points
Nwith the empty circle property, that is, the circumcircle of any of its triangles te T does not
contain anypoint nGN(Preparata and Shamos, 1985).HereEisthe setof allthe triangleedges
in the Delaunay triangulation. The Delaunay triangulation is unique and locally equiangular
(Sibson, 1977, Solan, 1987),hence, it maximizes the minimum angle of its triangles compared
toall other triangulations.
Aconstrained Delaunay triangulation W(N,E,T,Ec) is an extension of the standard Delaunay
triangulation which allows pre-described, non-intersection line segments (except at their
endpoints )E (<ZE)tobe forced in aspart of thetriangulation. Notethat triangles containing
any of such pre-described edges may not neceessarily be Delaunay triangles. Figure 5.2 shows
examples of constrained and unconstrained Delaunay triangulation.

-+'—-

Figure5.2 Exampleof DTand CDT(thickline =constraint)
An important propertyof theCDT isthe adjacent relationship between twopoints connected by
a Delaunay edge. Each Delaunay edge in aDelaunay triangle represents topology between two
points. The triangulation aims at equilateral triangles or tries to approximate them as much as
possible, sothat the unexpected effect of longelongated edges canbe minimized. Therefore the
Delaunay triangulation is a very good candidate for spatial analysis amongst discrete data
objects. Constrained Delaunay triangulation can be used for defining adjacency relation among
connected or disconnected objects, conflict detection and displacements of spatial objects, and
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finding the nearest neighboring object to a given object in generalization (Ware et al 1996,
Chris B.Jones et al 1998,Wanning Peng 1997etc).Theconstrained Delaunay triangulation can
also be used to measure spatial relations such as measuring disjoint relation, distance relation
and direction relation. Delaunay triangulation can be seen as the geometric primitives of the
simplicial data structure (Christopher B.Jones, Byndy G.L and Ware M. 1995).The two areas
sharing a common boundary are neighbors in a traditional data model. Similarly, two line
segments areadjacent if they have acommon node,but do not intersect. The spatial analysisof
discrete non-connected objects has been approached using distance concepts in the traditional
vector and raster models.As aresult of this,theconventional data models are not abletoholda
spatial adjacency properly for discrete objects (Gold, 1989). Distance concepts are often
suggested to overcome this problem. Non-connected objects lying within acertain distance are
regarded as neighbors. This distance could be measured through the support of constrained
Delaunay triangulation.
For categorical database generalization, constrained Delaunay triangulation is very useful to
analyze and measure local spatial relationship but not to organize the whole data set since a
simple areaobject will consist of alot oftrianglesthat will lead toredundant datetoomuchand
alsodifficulty with semantic analysis among objects.
5.3 Integrated andExtended Formal Data Schema
Although FDS supports a number of elementary topological relationships, it does not support
the spatial adjacency relationship among objects that are disconnected from each other and
inclusion relationships (inclusion can befound if an object hasonly one neighbor).Topological
relationships among "disconnected objects" are important to support spatial analysis (Peng
1997) and geometric operations that involve these kinds of objects and relationships among the
objects. Inthe real world, theconcept of "adjacent" may also includethe adjacency relationship
between those area objects that are geometrically disconnected from each other, as well as the
adjacency relationship between line objects, between point objects, and moreover, the
adjacency relationship between objects of different geometric description types.
Apparently, the FDS needs tobeextended in the sense of adjacency (Peng 1997) and inclusion
relationships, which are particularly important in automated database generalization and also
needs more ability to support spatial measurement and operations. These can be achieved by
dynamically integrating FDS and CDT. This integration of FDS and CDT will result in
extending theadjacency relationships and inclusion between geometric datatypes.CDTmaybe
generated dynamically and locally atacertain stepofageneralization process.
The Delaunay point adjacency relationship is the basis on which adjacency relationships
concerning other geometric data types and feature types are defined. This is because points are
themostprimitive geometric components of anyspatial object.
5.3.1

IntegratedFDSand CDT
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Wecombine the advantages of FDS and CDTinto adata model which is adynamic integration
of FDS and CDT in the database generalization transformation process. The data model is
shown in Figure 5.3. Figure 5.4 shows the logical structure of a geo-database organized in a
database based onadatamodel.

Geo- Databy

Object lype

Figure5.3 Datamodel for database
generalization (modified Molenaar 1989)

O bj e c t ty

Figure5.4 Logical structure
of ageo-database

Thekeyobservation that both aconstrained Delaunay triangulation network and object datacan
berepresented as aplanar graph forms thebasis for the integration. Theobjects can bemodeled
as atriangulated irregular network, aplanar graph with triangular faces, and the network can be
modeled as aplanar graph. Each network type will have its specific constraints that need to be
described. We assume that the network shall be a valid planar graph, i.e. the edges are
connected by nodes and have no self-intersecting curves. An important issue, which must be
considered when integrating two structures, is the difference in resolution. A simple geometric
measure is the average length of the FDS edges compared to the average length of the
triangulation edges. If the average length of a FDS edge is shorter than one of the CDTedges,
we say that the two structures are compatible. If the average length of FDS edge is longer than
one of the CDT edges, FDS data will coarsen the CDT. A solution to the latter problem could
be to interpolate points along the FDS edges to increase the resolution of the FDS data. Unlike
the Delaunay triangulation of a set of points, the edges of a constrained Delauay triangulation,
in which constrained edges correspond to object boundary edges, do not always connect
neighboring objects as shown in Figure 5.5. The figure shows that there is no direct edge
connectivity between object ol and itsneighbor o2. Inthereal world, weconsider object ol and
o2tobe neighbors. For aconstrained Delaunay triangulation inwhich straight line constraining
segments are similar in length to the separation distance between objects, the triangulation is
suchthatthevertices of neighboring objects areusually connected byedges of the triangulation.
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Figure 5.5 Part of a constrained Delaunay
triangulation of a set of objects (solid lines as
constrained edges, dashed lines as other edges)

Figure 5.6
Part of a constrained Delaunay
triangulation of a set of objects after interpolation
(solid lines as constrained edges, dashed lines as
other edges)

In order to reflect the neighboring relation between object ol and o2, the constrained edges are
interpolated and intermediate nodes are created along the edge as shown in Figure 5.6. The
figure shows that there is direct edge connectivity between the two objects.
FDS data can be modeled as a planar graph with explicit topological and geometrical
representation. The planar graph consists of the topological objects: node, segment and face.
The edge is part of a segment. The edgei is also part of a segment which meets triangulation
requirements. It replaces edge when the FDS data is integrated with the CDT (see below).
The objects are modeled as a triangulation which consists of one or more triangles, where each
triangle is composed of three t-edges and three t-nodes shared by other triangles. The
integration method comprises two major steps:
The first step is to loop through all edges and convert them to edgeis. For each edge the
corresponding (line) segments of the curve are found. Each (line) segment is added to the TIN
by inserting the start and end points as new nodes and then creating a constrained t-edge from
the start to end node. The second step is to make sure the integrated model is consistent
according to the network constraints. After integration, constraint checks and corrections, we
have a FDS and CDT model that is the basis for creating a database generalization data
structure. The process of integration of FDS and CDT is as follows:
Let FdSedgeList be FDS edge list with the data.
Let TRIedgeList be empty list.
Let LthsholdLength be length threshold.
For each FDS edge edgefds G FdSedgeList, do the following:
{
• check if length of edgefds is less than LthsholdLength, if yes, add edgefds to the list
TRIedgeList and move to the next edge in the FdSedgeList, otherwise do the following:
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> compute thecoordinates ofinterpolating points;
> form TRIedgesbased oninterpolating result;
' addTRIedgestothe listTRIedgeList.
until alledges inFdSedgeListhavebeen checked.

From the object point of view, based on this integration, we can divide the objects into three
types.They aregeometric objects, geographic objects andtransformation units.
Geographicobjects represent the initial geographic information withdescriptive attributes.
Geometric objects (polygon, segments and nodes) describe the geometry of the terrain objects
in order to allow shared geometry. They have topological relationships (e.g., description of
inclusion andconnectivity relationships (andnot onlyconnectivity)).
ATransformation unit is composed of a set of terrain objects. They are created in order to
model specific analyzing,processing andreasoning necessary for generalization purposes.
5.3.2 Extended FDS
TheFDSwillbeextended inthreeways.Oneisextension based ongeometric CDT,the second
isextending adjacency andinclusion relationsbetween different typesof objects inFDSbased
on semanticCDT,thethird isenhancing analysisfunction ofFDSbased onintegration ofFDS
andCDT.
5.3.2.1 Extending FDSBasedonGeometric CDT
The following gives a list of notations to be used to define and describe the extended and
integrated formal data structure. This section expresses relations defined by Molenaar (1990)
forthecasethat allfaces aretriangles.
•

Let N ={ n• }be a set of nodes, E ={ e ; } be a set of edges within the framework of
the FDS, E c C E b e a subset of constrained edge, E nc be a subset of no-constrained
edgeCE,T=( t(.}beasetoftriangles;

•

Edge e•(i,j=1,2,3) of a triangle t ; has node n. as the begin node -> Begin [e. ,
n,y]=l,otherwise=0, (i=l,2,...,n)(j=1.2,3).

•

Edge e ( o f a triangle t ( has node njk as the end node -> End [e. , n ;<: ]=l,
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otherwise=0,(i=l,2,...,n) (k=1,2,3)Q*k).
We will consider edges asedges oftriangles. Each edge ofatriangle hasonetriangle atits left
sideandoneatitsrightside.
Thefollowing relationships canbedefined between geometric elements ofaplanar graphbased
ontheprevious concepts ofFDSandCDT:
A graph canbelinked toa triangulation ofthe generic structure of Figure 5.7 (a).Edge {n• ,
nik }(j,k=l,2,3,j^ k)isoneof three edges of atriangle. In fact wehave thethree edges of a
triangle:
Lefedge {n„,n, 2 },t;]=l

Le[e ; i , t,.]=l

Ri[edge{n /1 ,n. 2 },t;1]=l

Rife,-,, t(.,]=1 and

Lefedge {n. 2 ,n /3 },t,]=l

^

Le[e ;2 ,t(.]=1

Rifedge { n / 2 ,n i 3 },t(2]=l

Ri[e ;2 , t i 2 ]=l and

Lefedge { n-3,n;, },t,.]=1

Lefe i3 , t.]=1

Rifedge { n i 3 ,n.,},t/3]=1

Ri[e, 3 , t /3]=1

If an edge e.. is part of theborder of geometric object o ; , then t ; and t n or tt and t ; 2 or
t ; andt(3 must belongtodifferent geometric objects respectively.
For anytriangle t ; anditsthree adjacent triangles t.. (j=1,2,3), If t ( andt. (j=1,2,3) belong
tothesamegeometric object, then Belong [t ; , t..]=0,otherwise Belongft,, t. ] =1.
Total numberofedgesoftrianglet•belonging tothegeometric objectis:
3

Nedgesft,., o,.]=^

(Belong ft,., t.. ])

If Nedges=l, there isoneedge of thetriangle t ; belonging togeometric object (seeFigure 5.7
(c)).
If Nedges=2, there aretwoedges of the triangle t ( belonging to geometric object (see Figure
5.7 (b)).
If Nedges=3, therearethreeedges ofthetrianglet. belonging togeometric object.
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If Nedges=0, there is no edge of the triangle t, belonging to geometric object (see Figure 5.7
(d)).
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Figure5.7 Relations amongtriangles and objects

Point Objects
Anypointobject O isgeometricallyrepresented byasinglenoden(€ N.it isexpressedas:
If O isrepresented byn ; thenRepr[ni,,O ]=\ otherwise Repr[n,,0
•

7=0.

Line Objects

The geometry of a simple line object is represented by a set of edges of triangles. Each line
object o, isdirected sothat the relationship between edges of atriangle and the lineobject can
beexpressed as follows:
If an edge e.. (j=l,2,3) of atriangle has the same direction as the line object, there is a forward
relationship
Forw[en ,0,1=1, otherwise Forw[e ;1 , o,]=0;
Forw[ei2 ,o ; ]=1, otherwise Forwfe; 2 , o ;]=0;
Forw[e,-3,0,1=1, otherwise Forw[e, 3 , o,]=0;
If an edge e, (j=l,2,3) of a triangle has the opposite direction compared to the line object,
thereis abackward relationship
Back[e (| , o,]=l, otherwise Back[e (| , o,]=0;
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Back[e ;2 ,o ; ] = l , otherwise Back[e l 2 ,o ; ]=0;
Back[e / 3 , o ; ] = l , otherwise Back[e ; 3 , o , ]=0;
The fact that an edge e .. is part of the object can be established by the function:

P a r t 1 1 [ t , . , o / ] = ^ MaxCForwte^.o,], Back[e(>, o , ] )

If Part,, [11.,o , ]=0, there is no edge of the triangle t ; belonging to object ol .
If Part |, [11,,o/ ]=1, there is one edge of the triangle t( belonging to object ol .
If Part ,, [t . , o ; ]=2, there are two edges of the triangle t. belonging to object ol .
If Part j , [t . , o ; ]=3,there are three edges of the triangle t. belonging to object o ; .
A line object will have a begin node nb=BEG(o t) and an end node ne=END(o ; ). These can
be found through the edges of ol , and the direction of the object can then be specified by
Dir[o,]={

nb,ne).

The total number of edges belonging to the line object is:

N l e d g e s [ 0 / ] = ^ ( Part,, [t,., o ; ] )

•

Area Objects

The geometry of a simple area object is represented by one or more adjacent triangles, if a
triangle t( is apart of an area object o ; this will be represented by:
Part22[t1.,o,]=l
Now it is possible to check whether edge e ..(j=l ,2,3) of triangle t • is related through triangles
t.. (j=l,2,3) to an area object o ; . Therefore the following function should be evaluated:

94

Chapter5 SupportingData Structure
Le[en ,o, |t,]=MIN (Le[e,,, t.],Part22[t., o.] )
Le[e . 2 ,o,.|t,-]=MIN(Le[en ,t,.],Part22 [t,.,o,.])
Le[e . 3 ,o,.11.]=MIN(Le[e, 3 , t.],Part22 [t,, o.] )
Each of threefunctions takesthe value 1if both functions atitsright sidehaveavalueof l,i.e.,
the edge should have the triangle at its left side, and the triangle should be part of the area
object. In all other cases, the function at the right side of the equation takes the value of 0.
Whether ornottheedge isrelatedtotheobject can thenbefound through
Le[e,. 1 ,o,.]=MAX(Le[e 1 . 1 ,o I .|t I .])
Le[e I . 2 ,o 1 .]=MAX(Le[e,. 2 ,o.|t 1 .])
Le[e 1 . 3 ,o,]=MAX(Le[e 1 . 3 ,o 1 .|t I .])
Thereis,atmost, onetrianglefor whichboth
Le[e a ,t ; ]=1and Part 22 [ t,-,o ; ]=1
Le[e(2,t(.]=1 and Part22[t ; , o1. ]=1
Le[e / 3 ,t-]=l and Part22 [t,, o ; ] =1
If such atriangle exists,the function relating the edge tothe object will have the value 1;in all
other cases itwillbe0;Hence, if edgee.. ,has area object o, atitsleft side,then Le[e; ,o, ]=1.
similarly, wecan write
Ri[e.,, o,.11„]=MIN( Ri[e.,, t., ],Part22 [t., ,0. ])
R

i[ea • °,-It,2]=MIN( Ri[en, ta ],Part22 [ti2,0 .])

Ri[e, 3 , o,.|t.3 ]=MIN( Ri[e, 3 , t.3 ], Part22 [t(3 ,0 .])
And
Rite.^o,. ]=MAX(Ri[e,,,o,.|t n ])
Ri[e,.2,o,.]=MAX( Ri[e,. 2 ,o,.| t f 2 ] )
Ri[e i 3 ,o 1 ]=MAX( Ri[e-3,o. |t,3])
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If edgee.. ,has areaobject ol atitsright side,then Rife ..,0,1=1. otherwisethe
expression=0.
The transitions from indirect relationships between edges and area objects to direct
relationships have been represented by many— to - one relationships and many-to-many
relations.Therelationships between triangles and area object aremany- to- one,therefore, the
derivedrelationsbetween edges andtriangleswillbemany-to-many. Thecombination ofthese
twosetsof functions gives,for edgee..(j=l,2,3)
B[en ,o,.]=Le[e,.,, o, ]+Rifen ,o,.]
Bfe/2 ,o(.]=Lefe,2,o,.]+Ri[ei2 ,o,.]
Bfel3 ,o,.]= Lefe,-3, o,.]+Rife i3 , o.]
Ifanedgee• ispartoftheboundary ofo( , then onlyoneofthefunctions Riand Leisequalto
1,but notboth; there fore, for such an edge we find B[e.., o ; ]=1.If e ; . has o ; atboth its left
and right sides,then Bfe .., o(.]=2. In that case it runs through o.. if Bfe.., o ; ]=0,there isno
direct relationship between e.. andoz .
Theboundary ofo. is:
d t,.={N ( .,E,.},withE,={e I ..|B[e & .,o I .]=l}.
•

Adjacent Area Object

Based onthedefinition of adjacency relationsusingFDS(Molenaar, 1990),adjacent area object
can be obtained according to CDT. When an edge e•(j=1,2,3) of atriangle has an object o ( at
its left side and not at its right side, and object o at its right side and not at its left side,these
objects areadjacent atthat edge e.. (j=l,2,3),i.e.,
If

Le[e /;/ ,o.]=landRi[e i:/ (j=l,2,3), o,]=0

(j=l,2,3)

And

Le[e, y ,o i ]=0andRi[e^(j=l,2,3),o ; .]=l

(j=l,2,3)

Then ADJACENTfo,, oy. |e(>.]=1
This function isconsidered tobe symmetrical, sothat
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ADJACENT[o,•,o,.|etj]=ADJACENT[o} ,o ,. |e.]
Iftheobjects donotoverlap atall,i.e., ifthey have nocommon triangles andthey are adjacent
toatleast oneedge,thenthey are adjacent
ADJACENT[o,.,o y ]=l
This function is alsosymmetrical, sothat
ADJACENT[o,., o;.]=ADJACENTfoy ,o,.].
•

LineAndArea Objects

Several important relationships between alineobject o ; andan areaobject oa can befound by
checking for each edge e.. of atrianglethat ispart ofthelineobject, andthe way inwhich itis
related tothe areaobject. That will beexpressed bythe functions:
Le[o,,oa |e{j]=MIN(Le[ei}, oJ , Part,, [eij ,o, ])
Ri[o,,o fl |e, y ]=MIN(Ri[e i 7 ,o f l ],Part 1 | [e, > ,o,])
For therelationshipbetween alineobject o ; and anareaobject oa ,wecan write
B [ o , , o a \eij]=Le[o,,oa

| e . . ] + R i [ o ; , o o |e, y ]

This function can alsobeexpressedby
B

[ ° / ' ° a |e 1 > .]=B[e i / .,oJxPart 1 1 [e, 7 ,o / ]

If this function has the value 2, then the line object runs through the area object at edge e^ ;if
the value =1, then it is at theborder, and if itis 0,then therelationship between thetwo objects
mightbedifferent atdifferent edges.
5.3.2.2 Extending Adjacent andInclusionRelationsinFDSBasedonSemantic CDT
•

Different rolesof Triangles

Assume that there are three objects 01,02 and 03 as shown in Figure 5.8, In a constrained
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Delaunay triangulation T, every boundary vertex of each object o,corresponds to a triangle
vertex and everyboundary edge of each object o. serves as aconstraining edge.Each object o (
is defined by a unique object identifier and references to the triangles of T which lie within its
boundary; each triangle t.of Tis described by aunique triangle identifier, references to each of
its three constituent edges, plus a reference to the object within which it lies; each edge e ;is
described by a unique edge identifier and references its start and end vertices; and each vertex
v ; stores a unique vertex identifier plus x and y co-ordinate values. The supplementary
topological information in theform of reference is added tothe two triangles to which the edge
(of triangle) belongs. If a triangle t ; lies within an object o ; then t,- is said to belong to o ; (
Part 22 [ t-, o-] =1). Such information has been modeled in the following way as shown in
Figure5.8:
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Figure5.8 Structure of Constrained Delaunay Triangulation

Each trianglehasthefollowing properties for areaobjects:
•

Its nodesmustbeontheboundary of objects.

•

Thethree edges of atriangle ofCDTaredivided intotwogroups:
•

edges which arethepart oftheboundary of anobject (named constrained edges);

•

edgeswhich arenotthepartoftheboundary of an object.

Thetriangles inCDTcan beclassified asfour typesthrough observation:
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•

Triangle having no constrained edge in its three edges, seen in triangle d in Figure 5.8,
denoted as T l ;

•

Triangle having only one constrained edge in its three edges, seen in triangle b, g, i, h
in Figure 5.8, denoted as T2;

•

Triangle having two constrained edges in its three edges, seen in triangle a, f, k in
Figure 5.8, denoted as T3;

•

Triangle having three constrained edges in its three edges.

These types of triangles can be further subdivided as following:
•

Tl can be subdivided into five groups. They are the three points of a triangle belonging to
three different point objects, to three different line objects, to three different area objects, to
one line object and two area objects, and to one area object and two line objects, (see
Figure 5.9 (a), (b), (c), (d), (e)).
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Figure 5.9 Examples of Tl (p=point, l=line, a=area)

•

T2 can be subdivided into six groups according to the constituents of point , line, area
objects in a triangle, (see Figure 5.10 (a), (b), (c), (d), (e) and (f))
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Figure 5.10 Examples ofT2(p=point, l=line and a=area)
T3 can be subdivided into three groups. One is the triangles with two line constrained
edges,and another isthetriangles withtwo areaobject constrained edges andthethird with
one line object constrained edge and one area object constrained edge (see Figure 5.11(a),
(b),(c),(d)and(e)).

Figure5.11 Examples ofT3(l=line and a=area)
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•

Adjacent Relations Between Point, Line andArea Objects

The adjacency relations among discrete objects play an important role in aggregation of objects
in database transformation. The adjacent relationship can be grouped into four types in a
triangle net:
•

If two objects o • and o are constrained edges (part of) of two triangles respectively and
the two triangles share a common node, the two objects are adjacent, (see Figure 5.14 (b)
and (d) ( point adjacent));

•

If two objects, o ; and o

share a connecting constrained edge of triangle, they are

adjacent, seen in triangle f and c in Figure 5.8 (line adjacent);
•

If two objects, o ; and o share a connecting triangle between them, they are adjacent, seen
in object o3 and 01 in Figure5.8 (line adjacent); or

•

If two objects o • and o

are constrained edges (part of) of two triangles respectively and

the two triangles share common non-constrained edge, the two objects are adjacent, seen in
triangle g and i in Figure 5.8 (area adjacent);
•

If two objects o ; and o are constrained edges of a triangle, they are adjacent.

The triangle is used as a basic unit to analyze the geometric characteristics of an object and the
adjacent and inclusion relations among the objects in this research.
The adjacent relationships among different types of discrete objects are described based on
classes of triangles as following:
•

Adjacent Relationship between Points (Adjacent ( p , , p ))
Let
•

T=T1UT2UT3
Two node n ; GN and n .GN are adjacent if they belong to a triangle t ; e T (see
Figure 5.12);
I F ( t , . G T A n,.€ t, A n ^ G t, ARepr[n,, p . ]AReprfn ;. , p ; ] ) ,
then e={ n(-, n •} A e € T
and then

Adjacent (n ( , n )=Adjacent (n , n ( ) = 1 .
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Adjacent Relationship between Line and Point (Adjacent ( p , , 1,))
•

A node n ; GN and edge eci G E are adjacent if they belong to a triangle t ; G T2
(see Figure 5.13 );
IF ( t , G T 2 A n , G t,. A e d e t, A n , £ e c / A Reprfn,., p,.] APartu [ e d ,1,.]
)

and then

Adjacent ( p , , 1,)=Adjacent (1,, p , )=1.

V. n,
-•s.

n

Figure 5.12 Adjacent relationship
between nodes
•

Figure 5.13 Adjacent relationship
between node and line

Adjacent Relationship between Lines (Adjacent (1 ; , 1 ))
Two objects 1 ; and 1 are adjacent if there exist two triangles t ; and t
t

(t ; G T2,

GT2) in which edge 1t and 1 are used as the constrained edge of two

triangles respectively, and If the two triangles share a common non constrained
edge (see triangle t ; and t .in Figure 5.14 (a) and (c)) or if the two triangles share
a common node (see triangle t ; and t .in Figure 5.14 (b) and (d)) contrary to what
Peng states (1997).
IF((t, G T 2 A e ; e t(. A (Part,, [ t ; , 1,.]#0) A n(. e t ( . A n ( € e, A t ; . G T 2 A
tj e tjA
n e
t.- v k

Then

(Part,, [ t ; , l , ] ^ 0 ) A n ; G t ; . A n ; . g e j ) A ( e t G
t,-A n t e t . ) )
Adjacent (1(.,1. )=Adjacent (1 •, 1,)=1.
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Adjacent relation between lines

Adjacent Relationship between Areas (Adjacent (f,-, f ))
•

Two areas f{.6 F and f . e F are adjacent if there exists at least one triangle t ;
(t ( e T l ) between f • and f (see Figure 5.15 ). e r i and e c are constrained edge.
I F ( ( ( t , . € T 2 A t , . € (Part 22 [t,., f,.]=0) A t , . e (Part 22 [t,., f} ]=0) )A ( e d e
t,. A B ( e c . , f , . ) A n , e t ; A n,.£ e . A n . E e ^ A B [ e d , f y . ] A e £ . i t,.))
( ( t , e T 2 A t,.e (Part 22 [t,., f.]=0) A t . e (Part 22 [t,., fj ]=0) )A ( e d e
t f A ( B ( e d , f , . ) = l ) A n , . e t , A n , g e C j A n , . £ e cf A (B[e C ( , f . ] = l ) A
e r i £ t,.)))
Adjacent (f., fj )= Adjacent (f ., f.)=1.

Adjacent Relationship between Line andArea (Adjacent (1.,,f ))
•

A line L a n d an area f are adjacent if there exists at least one triangle t (
(t • e T2) between 1 (. and f (see Figure 5.16).
I F ( ( t , . e T 2 A (Part 22 [ t , . , f y ] = 0 ) A e d 6 t,. A (Part,, [t,., 1,] * 0) A n , e
t, A n,.«E e d A n , . e e r i A ecj€

t, A ( B [ e d , f,.]=1))) V ( t , . € T 2 A (Part 22

[ t , , f 7 ] = 0 ) A e d e t,. A ( B [ e d , f y . ] = l ) A n ; e t, A n ; € e d A n , . e e„. A
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e d g t, A (Part n [t,,l ,]*())))
Then Adjacent (1.,f )=Adjacent (ft•, 1,)=1
•

Adjacent Relationship betweenPointandArea (Adjacent (p,-,f,))
•

A node n ; and a face f.are adjacent if there exists at least one triangle t(.
(t ; G T2)between n ; andf;(seeFigure 5.17 ).
I F ( t ( . e T l A n , . e t(. A e „ . e t,. A n , . « e c/ ARepr[n ; , p ; ]A (B[ecj, f .]=1))
Then Adjacent (p.,f.) =Adjacent(f,, p,)=1.

f.

f

1

V"'

,

Figure5.15 Adjacent
relation between areas

Figure5.16 Adjacent
relation between area andline

t

,»I1

Figure5.17 Adjacent relation
between area andnode

Inclusion Relationships amongPoint,LineandArea Object
•

Inclusion Relationship —Areacontaining node (Inclusion (f(.,p,))
•

an areaf; contains a node n• if there exists at least one triangle t(- (t ; GT2)
between n ; andf; andt(. ispartofthearea (seeFigure 5.18).
IF (t,.ST2An,. e t , A e r i e t,. A n,.g ed ARepr[n,., p,.]A (Part22 [t,.,
f,-]=D)
Then

•

Inclusion(f ; , p,-)=l.

Inclusion Relationship —AreaContaining Line(Inclusion(f,, 1,))
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•

a face f( contains a line 1. if there exist at least one triangle t( (t ; e T2) between
1 ; andf. a n d t ; is part of the area (see Figure 5.19 ).
I F ( ( t , . e T 2 A e d 6 t. A ( P a r t l l [ t 1 . , l ( . ] 9 t O ) A n , . e t,. A n , g e d A
n,.Gec. A e

d

e t, A ( B [ e d , f,]=1) A(Part 2 2 [t,., f .]=1)) V (t, GT2 A

e d G t,. A (B[e c 7 ,f,.]=l)An,.G t. A n , £ e d A n , G e„. A e d « t, A
(Partu[t,.,l,]*0))
Then

Inclusion ( f . , l . ) = l .

Inclusion Relationship —Area Containing Area (Inclusion (f(.,f •))
•

An area f( contains another area f

if there exists at least one triangle t ;

(t ; GT2) between f(. and f and t ; is part of the areaf; (see Figure 5.20).
I F ( ( t , . e T 2 A e d e t, A ( B ( e „ . , f , . ) = l ) A ( P a r t 2 2 [t,.,f,.]=l) A n ; G t. A
n,. £ e„. A n,. Gecj A e d £ t ; A ( B [ e d , f\ ] =1)) V (t .GT2A e c ; G t

;A

( B ( e d , f y . ) = l ) A ( P a r t 2 2 [ t y , fy ]=0) An,.G t ; A n,.£ e„. A n , . € e ,
ecj£

t . A (B[e c .,f ,.]=!)))

Then

\

v
\

/
^ /

/

Inclusion (f,, f ; )=1.
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Figure 5.18 Inclusion
relation between area
and node
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Figure 5.19 Inclusion
relation between area
and line
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5.2.3.3 Extending Analysis Function In FDS
•

Nearness Degree

According to the concept of topological distance and neighborhood discussed in Section 2.6.2.3
of this thesis, the distance between two objects can be defined as the nearness degree. This
distance can be measured by the triangles in constrained Delaunay triangulation. The shorter the
distance between two objects is, the nearness degree between them will be stronger. Nearness
degree between two objects is expressed by the minimum length of non-constrained edges of a
set of triangles of Tl between two objects or average length of all non constrained edges of a
set of triangles of Tl between two objects.
Ad= minimum {/ ; } where: / ( is the length of non-constrained edges
Or
It

Ad=—•'

where: n is number of triangles which belong to T l .

n
•

Skeleton Line

The skeleton can be used for the 1-dimension analogue for an area object and is also useful
during a merging operation in database transformation (Jones, C.B. 1995, Tinghua, Ai et al,
2000,2001).
Figure 5.21 shows the process of extracting the skeleton. P l5 P 2 and P 3 represent the midpoint of
corresponding triangle edges respectively, and O is the barycenter of the triangle. There are
three different types of linking methods. The process of skeleton generation is described by:
If (t( GT2 )

linking midpoints of two non-constrained edges of a triangle as
shown in Figure 5.21(a).

Elseif (t; 6 T3 )

linking midpoint of non constrained edge of triangle with
Opposition point of non constrained edge as shown in
Figure 5. 21(b).

Else ( t ( - € T l )

linking the midpoint of each edge of a triangle with the barycenter
of the triangle as shown in Figure 5.21 (c).
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Figure5.21 Exampleof skeleton lineandlinking methods inthreedifferent typesof triangles
A skeleton line can be extracted through connecting three different types of triangles described
before asshown inFigure5.22 (a),(b).
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Figure5.22 Examplesof skeleton line(darkline =Skeleton line)
5.4 QueryBasedonIEFDS
The main purpose of querying a point object, a line object and an area object is to find all the
adjacent geometric objects of the point object, the line object and the area object respectively,
including neighboring point objects, neighboring line objects and neighboring area objects
basedonanalyzingthetypes of asetoftriangles described before.
Let pointobject, lineobject and areaobject be a point object, a line object and an area object
respectively. Let pointobjectlist, lineobjectlist and areaobjectlist be a set of point objects, a set
of lineobjects and asetof areaobjects respectively. Lettritanglelist bethe listoftriangles.
•

Point Object

Find all the adjacent geometric objects of a point object including neighboring point objects,
neighboring line objects and neighboring area objects based on analyzing the types of a set of
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triangles and store them in pointneighborpointobjectlist, pointneighborlineobjectlist and
pointneighborareaobjectlist for point objects, line objects and area objects respectively.
Let pointneighborpointobjectlist, pointneighborlineobjectlist and pointneighborareaobjectlist be
empty respectively
Get a set of triangles through the pointobject and store them into trianglelist.
For each triangle Gtrianglelist, do the following:
{
tri=tritanglelist.Get
IIget triangle from the list
if tri==tri1 A pointobject==one of three points of tri
11relation between points
{
triPlist.Add(tri)
for each tri6 triPlist, do the following
{
pointneighborobject=get_object(tri)
IIget a neighboring point object
if pointneighborobject £ pointneighborpointobjectlist A pointobject
pointneighbourpointobjectlist.Add (pointneighborobject)
endif
}
11findall adjacent points

elseif tri==tri2 A pointobject==one of three points of tri A pointobject g!constrained edge
of triA constrained edge of tri G lineobjectlist
//relation between point and line
{
triLlist.Add(tri)
for each tri G triLlist, do the following
{
lineneighbourobject=get-object (tri)
l/get a neighboring line object
if lineneighborobjectg pointneighborlineobjectlist
pointneighborlineobjectlist. Add(lineneighborobject)
endif

elseif tri==tri2 A pointobject== the point of tri A pointobject g constrained edge
of tri A constrained edge of tri G Areaobjectlist
//relations between point and area
triAlist.Add(tri)
for each tri 6 triAlist
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areaneighborobject=get_object(tri)
IIget a neighboring area object
if areaneighborobject e pointneighborareaobjectlist
pointneighborareaobjectlist.Add (areaneighborobject)
endif
if all tri having same attribute
pointobject is inside areaobject
else
pointobject is outside areaobject
endif
endif

Line Object
Find all the adjacent geometric objects of a line object through analyzing the types of a set of
triangles including neighboring point objects, neighboring line objects and neighboring area
objects and store them in pointneighborpointobjectlist, pointneighborlineobjectlist and
pointneighborareaobjectlist for point objects, line objects and area objects respectively.
Let pointneighborpointobjectlist, pointneighborlineobjectlist and pointneighborareaobjectlist be
empty respectively
Get a set of triangles through the lineobject and store them into trianglelist.
For each triangle e trianglelist, do the following:
{
tri=tritanglelist.Get
llget triangle from the list
if tri==tri2 A lineobject==constrained edge of tri Aone point of tri £ constrained edge
of tri Aone point of trie pointobjectlist
I/relation between line and point
{
triPlist.Add(tri)
for each trie triPlist, do the following
{
pointneighborobject=get_object(tri)
llget a neighboring point object
if pointneighborobject £ lineneighborpointobjectlist
lineneighborpointobjectlist.Add (pointneighborobject)
endif
}
11findall adjacent points
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elseif tri==tri2 A one of three points of tri e lineobject A the other two points of
trie different line objects
//relation between line and line
{
triLlist.Add(tri)
for each tri e triLlist, do the following
{
lineneighbourobject=get-object (tri)
IIget a neighboring line object
if lineneighborobject£ lineneighborlineobjectlist A lineobject
lineneighborlineobjectlist.Add(lineneighborobject)
IIfind adjacent line objects
endif
}
areaobject not intersecting with other line objects

elseif tri==tri2A (lineobject== constrained edge of tri A one point of tri£ constrained
edge of tri A one point of tri e lineobjectlist or one ponit of tri 6 lineobject A
lineobject^ constrained edge of tri A constrained edge of tri £ lineobjectlist)
//relation between line and line
triLlist.Add(tri)
for each tri e triLlist, do the following
{
if lineobject== constrained edge of tri
lineneighbourobject=get-object (tri)
else
lineneighbourobject=get-object (tri)
endif

// get a neighboring line object
IIget a neighboring line object

if lineneighborobjectg lineneighborlineobjectlist
lineneighborlineobjectlist.Add(lineneighborobject)
endif
//find adjacent line objects
lineobject not intersecting with other line objects

elseif tri==tri3A lineobject== one of two constrained edge of tri A the other
constrained edge of tri ^ lineobject Aconstrained edge of tri G lineobjectlist
//relation between line and line
triLlist.Add(tri)
for each tri e triLlist, do the following
{
lineneighbourobject=get-object (tri)

// get a neighboring line object
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if hneneighborobject£ (lineneighborlineobjectlist and lineobject)
lineneighborlineobjectlist.Add(lineneighborobject) // get a neighboring line object
endif
//find adjacent line objects
lineobject intersecting with other line objects

elseif tri==tri2 A (lineobject== constrained edge of tri A one point of tri g constrained
edge of tri Aone point of tri G areaobjectlist or one point of tri G lineobject
Alineobject^ constrained edge of tri A constrained edge of tri G areaobjectlist)
I/relations between line and area
{
triAlist.Add(tri)
for each tri G triAlist
{
if lineobject== constrained edge of tri2
areaneighborobject=get_object(tri)
// get a neighboring area object
else
areaneighborobject=get_object(tri)
// get a neighboring area object
endif
if areaneighborobject g lineneighborareaobjectlist
lineneighbourareaobjectlist.Add (areaneighborobject)
//find adjacent area objects
endif
}
lineobject not intersecting with area objects

elseif tri==tri3 A lineobject== one of two constrained edge of tri A the other
constraineded edge of tri6 areaobjectlistset
//relations between line and area
{
triAlist.Add(tri)
for each tri G triAlist
{
areaneighborobject=get_object(tri)
// get a neighboring area object
if areaneighborobject g lineneighborareaobjectlist
lineneighbourareaobjectlist.Add (areaneighborobject)
endif
IIfind adjacent area objects
}
lineobject intersecting with area objects
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•

Area Object

Find all the adjacent geometric objects of an area object through analyzing the types of a set of
triangles including neighboring point objects, neighboring line objects and neighboring area
objects and store them in pointneighborpointobjectlist, pointneighborlineobjectlist and
pointneighborareaobjectlist for point objects, line objects and area objects respectively.
Let pointneighborpointobjectlist, pointneighborlineobjectlist and pointneighborareaobjectlist be
empty respectively
Get a set of triangles through the areaobject and store them into trianglelist.
For each triangle € trianglelist, do the following:
{
tri=tritanglelist.Get
//get triangle from the list
if tri==tri2 A (areaobject==constrained edge of tri Aone point of tri g constrained edge of
tri Aone point of tri e pointobjectlist)
I/relation between area and point
{
triPlist.Add(tri)
for each trie triPlist, do the following
{
if areaobject==constrained edge of tri
pointneighborobject=get_object(tri)
// get a neighboring point object
endif
if pointneighborobject £ areaneighborpointobjectlist
areaighborpointobjectlist.Add (pointneighborobject)
//find adjacent points
endif

elseif tri==tri2 A areaobject== constrained edge of tri A one point of
trie lineobjectlist
//relation between area and line

I
triLlist.Add(tri)
for each tri e triLlist, do the following
{
lineneighbourobject=get-object (p)
// get a neighboring line object
if lineneighborobject£ areaneighborlineobjectlist
areaneighborlineobjectlist.Add(lineneighborobject)
endif
IIfind adjacent line objects
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areaobject not intersecting with other line objects

elseif tri==tri3A areaobject== one of two constrained edge of tri A the other
constrained edge of triG lineobjectlist
//relation between area and line
{
triLlist.Add(tri)
for each tri G triLlist, do the following
{
lineneighbourobject=get-object (tri)
// get a neighboring line object
if lineneighborobject£ areaneighborlineobjectlist
areaneighborlineobjectlist.Add(lineneighborobject)
endif
IIfind adjacent line objects
}
lineobject intersecting with other line objects

elseif tri==tri1 A one point of tri e areaobject A the other two points of tri£ areaobject the
other two points of tri G different area objects
//relation between area and area
{
triLlist.Add(tri)
for each tri G triLlist, do the following
{
areaneighbourobject=get-object (tri)
// get a neighboring area object
if areaeighborobjectg (areaneighborlineobjectlist A areaobject)
areaneighborlineobjectlist. Add(lineneighborobject
endif
IIfindadjacent area objects
}
areaobject disconnecting with other area objects

elseif tri==tri2 A (areaobject== constrained edge of tri A one point of tri G areaobjectlist
or areaobject ^ constrained edge of tri Aone point of trie areaobject A constrained edge of
tri2 (a)G areaobjectlist)
11relations between area and area
{
triAlist.Add(tri)
for each tri G triAlist
if areaobject== constrained edge of tri2
areaneighborobject=get_object(tri)
else
areaneighborobject=get_object(tri)
endif
113
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if areaneighborobject £ areaneighborareaobjectlist
areaneighbourareaobjectlist.Add (areaneighborobject)
endif
II find adjacent area objects
areaobject adjacent or disconnected with area objects

elseif tri==tri3 A areaobject== one of two constrained edge of tri A the other constrained
edge of tri £ areaobjectlist
//relations between area and area
{
triAlist.Add(tri)
for each tri e triAlist
{
areaneighborobject=get_object(tri)
// get a neighboring area object
if areaneighborobject £ areaneighborareaobjectlist
areaneighbourareaobjectlist.Add (areaneighborobject)
endif
IIfind adjacent area objects
}
areaobject adjiacent with area objects

5.5 Summary
This chapter introduces the IEFDS, an integrated and extended version of FDS, as a data model
to support automated database generalization transformation and discusses the process of
integration between FDS and CDT in more detail. The classification of triangle is proposed
based on constituent properties of triangles in the constrained Delaunay triangulation network
which plays an important role in the extended adjacent and inclusion relations and extracting
the skeleton line. The concept of adjacent degree is also given in this study. This chapter also
provides some examples of spatial query operations that make use of the extended adjacent
relation and semantic triangles. These adjacent relationships and semantic triangles are of
particular interest in automated database generalization.
Note that the CDT is introduced to define the adjacent relations and inclusion relations, but it is
not necessarily part of the data model. It may be generated dynamically, and locally, at a certain
step of a generalization process.
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Chapter6
Auxiliary Analysis Methods
6.1 Introduction
Previous chapters focus on such issues as basic concepts, database transformation,
transformation constraints andthe supporting datastructureof transformation. The descriptions
of spatial objects, object types, hierarchical structure, categorical data and spatial and semantic
relations are given in Chapter 2 and the aspects and contents of categorical database
transformation are illustrated in Chapter 3. The constraints in categorical database
transformation are proposed in Chapter 4. The data structure IEFD which supports database
transformation is discussed in Chapter 5. Categorical database transformation not only needs
supporting data structure and defined transformation constraints, but also the algorithms to
implement transformation. After defining a new geo-spatial model associated with a target
database based on classification hierarchy and aggregation, whether one object in adatabase is
transformed into another object not onlydepends onits own geometric and thematic properties,
but also the spatial and semantic relations to its neighbor objects. Aspects of analyzing
algorithms needed to realize object transformation in a categorical database are detection of
violated objects, their neighbor objects and creation of different types of transformation units.
Evaluating the similarity among objects in the transformation unit is an analyzing and decision
-making process of database transformation, and aggregation operations are an implementation
process of database transformation. This chapter mainly discusses the algorithms which are
designed according to the requirements of categorical database transformation as mentioned
before. These auxiliary analysis methods include semantic similarity matrix based on
classification hierarchy, computing model of similarity based on classification hierarchy,
detection and creation of transformation unit based on constraints, spatial relations and IEFDS,
area object aggregation analysis and process based ontransformation unit, multi-neighborhood,
object clustering and creation of catchment hierarchy. Among them, semantic similarity matrix
isused toexpress the similarity among object typesin aclassification hierarchy. Thecreationof
a transformation unit identies a spatial cluster of objects to be transformed in a database in the
aggregation process. Computing model of similarity provides a method to calculate the
similarity value among objects and object types within a hierarchy and helps to find out the
reasonable aggregating objects for constrained object in a transformation unit. In a sense
aggregation operations based on different types of transformation units will implement
categorical database transformation. These auxiliary analysis methods have been developed to
solve anumber ofimportant geometric andthematic problems indatabase transformation.
6.2 Creating Transformation Units
The transformation unit proposed in Chapter 4 in this study is an important process unit as
many generalization problems need tobe solved by considering a subset of related objects asa
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whole, rather than treating them individually. Few generalization problems can be solved by
just looking at an individual object. In a sense, the transformation unit is a basic analysis,
processing and decision-making unit in the aggregation operation process and plays an
important role in database transformation. As discussed in Chapter 2 and Chapter 3, the
transformations of classification hierarchy and aggregation hierarchy from an associated
original database to anew database canbereached through simplifying the original hierarchical
structure such as reducing the number of layers or number of object types or defining a new
hierarchical structure (aggregation hierarchy) according to application requirements. The
transformations will cause some conflicts in geometric and thematic aspects of objects and
relations among objects. In order to solve these conflicts (violated constraints defined in
Chapter 4) in a categorical database transformation, conflicted objects and its (their) related
objects areorganized into atransformation unit. Atransformation unit that "brings together" a
subsetof objects canbecreatedbyconflicted object(s) and violatedrelations.Themainpurpose
of creating transformation units is for the preparation of an aggregation operation. It restricts
aggregation operations on a set of related objects at one time not on the whole database. This
will make aggregation operation more efficient and effective. The different conflict types
should have different types of transformation units. For categorical database transformation,
four typesof transformation units areidentified based onconstraints discussed inChapter4and
the characteristics of a categorical database in Chapter 2. Each type of transformation unit will
store in a different list, each of which has a corresponding aggregation operation (see Section
6.4 for moredetailed discussion).
The transformation units will trigger aggregation operations and can be created in different
ways. On the one hand, a transformation unit can be built either bottom-up, i.e. by grouping
objects (e.g. close buildings are grouped together to create a district), or top-down, i.e. by
splittingawhole intoparts (e.g.thedistricts areobtained bypartitioning thetown).Ontheother
hand, the transformation unit can either be built a priori, in a stage of data enrichment prior to
the generalization process (as in the case of the town and the districts), or be built dynamically
during the generalization, when the need occurs (e.g. a transformation unit "group of area
objects"canbecreated duringthegeneralization of asmall areaobject).
6.2.1 CreatingTransformation UnitBased onThematic Constraints
After classification hierarchy or aggregation hierarchy associated with an original database
being changed into a new classification hierarchy or aggregation hierarchy with a target
database, two or more objects of different object types in the original database may be changed
intooneobject belongingtothe same superobject typeortheyhavehigh similarity (see Section
6.3 for more detailed discussion) in the new database based on a new classification hierarchy.
This means that there is aboundary between objects of same object type.This will result in the
thematic conflict between objects. Figure 6.1 shows the thematic conflict object cl after
thematic transformation. Before an aggregation operation, thematic conflict of adjacent objects
must be detected. Thematically conflicted objects with its neighbors will form a transformation
unit of typeTUl.
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The main steps for creating transformation units based on thematic constraints include detecting
thematically conflicted objects, analyzing these objects and their neighbors and creating a
transformation unit.

Existing data set

New data set

Figure 6.1 Example of thematic conflict of objects
The concrete procedure is as follows:
•

Let Thedatabase be a database having a classification and aggregation structure;

•

Let ConflictObjecList be an empty list;

•

Let TranformationUnitList be an empty list;

•

For each area object CurrentObjectS Thedatabase, do the following:
{
• Check if Currentobject has been included in any ConflictObjectList previously; this
can be done by assigning a flag for each object. If the result is yes, or if the thematic
properties are different from its adjacent objects, then move to the next area object in
the same data set; otherwise do the following:
{
• Use the query procedure described in Chapter 5 to get all the neighbors of the
area objects Currentobject and store them in a list neighborslist;
•

For each neighbor^ neighborslist, do the following:
{
• If the thematic properties of the neighbor is different from the one of
Currentobject, or if it has been included in the ConflictObjectList, then
move to the next neighbor in the list; otherwise move to the next step;
•

Stack neighbor into a stack thestack;
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Pop up an object theobject from thestack, store it in a list
TempTransformationUnitwithin which objects have same thematic attributes or
similarity but are adjacent to each other and the currentobjec=theobject, then
repeat theabove steps atthislevel untilthe stack isempty;
Store TempTransformationUnitintoalist TranformationUnitList;

Movetothenext areaobject inthedatabase andrepeat allthesteps atthislevelto
detect otherthematic conflicted objects andbuild transformation units.
6.2.2

Creating Transformation UnitBasedonGeometric Constraints

A small areaobject (or asetof small areaobjects) with anarea lessthantheareathreshold will
be aggregated with one or some of its neighborhood to form a new bigger object. The objects
that violate geometric constraints and their spatial adjacent (connected) neighbors will form
transformation units of typeTU2 (seetheexamples inSection4.4.4).
The main steps of creating a transformation unit based on geometric constraints includes
detecting geometrically conflicted objects, analyzing theneighbor of each conflicted object and
buildinga transformation unit based on analyzed results. The concrete procedure is given
below:
•

Let the ConflictObjectList and TransformationUnitListbeanempty list;

•

Foreach areaobject CurrentObject, dothefollowing (detectingconflicted objects):
•

Check if CurrentObject has been included in any detected object previously; this can
be done by assigning a flag to each object. If the result is yes, or if the area of
CurrentObject is larger than the threshold, then move to the next area object in the
dataset;otherwise dothe following:
{
• Add CurrentObject to the list ConflictObjectList. Mark the object by setting its
flag;
•

Usethequeryprocedure described inChapter 5toget alltheareaobject neighbors
of the CurrentObject, and store them in a list NeighborsList where area objects
areconnectedtoeachother;

•

For each neighbor^ NeighborList, dothe following:
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If the area of neighbor is larger than the threshold, or if it has been included
in ConflictObjectList, then move to the next neighbor in the list; otherwise
move to the next step;
Push neighbor into a stack thestack;

Pop up an object the object from thestack, and let CurrentObject = theobject, then
repeat the above steps at this level until the stack is empty;
The object contained in ConflictObjectList form conflicted objects within which
objects are small but adjacent to each other;

Move to the next area object in the data set and repeat all the steps at this level
to detect other conflicted objects.

For each conflicted object theConflictObjectE ConflictObjectList, do the following
(building transformation unit):
{
• Check if the ConflictObject has been included in TransformationUnitList, if the
result is yes, then move to the next conflict object ConflictObjectList; otherwise do
the following:
{
•
Use the procedure described in Section 5.4 to get all the area object neighbors
of the theConflictOtyect, and store the neighbors in neighborlist,
•

Store the ConflictObject and its neighbors in TransformationUnitList where
area objects are connected to each other ;

Repeat above steps until all conflicted objects in ConflictObjectList are checked

6.2.3

Creating Transformation Unit Based on Spatial Relation Constraints

If the distance between nearest neighbor objects or among a set of objects is less than the
threshold, this set of objects will form a transformation unit of type TU3 (see the examples in
Section 6.4.4.4 of this thesis). The objects in this type of transformation unit may belong to the
same object type or may not.
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The creation of this type of transformation unit based on spatial relations involves two main
steps: first checking and analyzing the distance between two objects based on constrained
Delanuay triangulation, then creating a transformation unit for an aggregation operation. The
concrete process is as follows:
Let the ConflictObjectList and TransformationUnitList be an empty list;
For each area object CurrentObject, do the following:

Check if CurrentObject has been included in any ConflictObjectList and
TransformationUnitList detected previously; If the result is yes, then move to the next
area object in the data set; otherwise do the following:
{
• Add CurrentObject to the list ConflictObjectList. Mark the object by setting its
flag;
•

Use the query procedure described in Chapter 5 to get all the area object neighbors
of the CurrentObject, and store them in a list neighborslist. Note that this problem
is only applicable to the objects which are geometrically disconnected;

•

For each neighbors neighborslist, do the following:
{
•
If the neighbor and CurrentObject are not in conflict or the space between
neighbor and CurrentObject is larger than the threshold, or if it has been
included in ConflictObjectList and TransformationUnitList ,then move to the
next neighbour in the list; otherwise move to the next step;
•

»

Push Neighbor into a stack thestack;

Pop up an object theobject from thestack, store it in a list
TempTransformationUnitList and let CurrentObject =theobject, then repeat the
above steps at this level until the stack is empty;

• Store TempTransformationUnitList in TransformationUnitList within which objects
are in spatial conflict with each other;

Move to the next area object in the data set and repeat all the steps at this level
to detect other conflicted objects.
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Creating Transformation Unit Based on Geometric and Spatial Relation
Constraints

If a small area object has an area less than the area threshold (maybe it locates inside another
area object or maybe not) and the distance between it and its nearest neighbor object(s) is less
than the distance threshold, then this set of objects that violates geometric constraints or spatial
relation constraints will form a transformation unit of type TU4 (see the examples in Section
6.4.4.4). The objects in this type of transformation unit may be the same or may not.
The creation of this type of transformation unit follows the following steps: first checking the
geometrically conflicted object, then analyzing the distance relation between it and its multineighborhood (see Section 6.5 of this chapter) based on the triangulation network, and finally
creating a transformation unit based on geometric and spatial relations constraints. The concrete
process is listed below:
•

Let the ConflictObjectList and TransformationUnitList be an empty list;

•

For each area object CurrentObject, do the following:
{
•

Check if CurrentObject has been included in any ConflictObjectList and
TransformationUnitList detected previously; or area of CurrentObject is larger than the
threshold, If the result is yes, then move to the next area object in the data set;
otherwise do the following:
{
• Add CurrentObject to the list ConflictObjectList. Mark the object by
setting its flag;

•

Use the query procedure described in Chapter 5 to get all the area object
neighbors of the CurrentObject, and store them in a list neighborslist; Note that
the objects in the neighborslist consist of first order neighbors and second order
neighbors of CurrentObject;
For each neighbor^ neighborslist, do the following:
{
• If the area of neighbor is larger than the threshold, or if the distance between
CurrentObject and neighbor G neighborslist is not violated with the threshold
or if it has been included in ConflictObjectList and TransformationUnitList
,then move to the next neighbour in the list; otherwise move to the next step;
•
}

Push Neighbor into a stack thestack;

Pop up an object theobject from thestack, store theobject in a list
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TempTransformationUnitList within which objects are small and conflict with each
other and let CurrentObject = theobject, then repeat the above steps at this level
until the stack is empty;

•

• Store TempTransformationUnitList in TransformationUnitList;
}
Move to the next area object in the data set and repeat all the steps at this level to detect
other conflict objects and build transformation units.

6.3 Hierarchic Semantic Similarity
The similarity of objects and object types can be described by a similarity measure. The
similarity is application-dependent. Classification hierarchy and aggregation hierarchy are
ordered structures as discussed before. These hierarchies can reflect the similarity between
object types both at the same level and at different levels. Whether two adjacent objects or a
group of adjacent objects can be merged or aggregated depends on the attributes of the objects.
If the attributes are the same or similar or the value of similarity is higher than the threshold,
they can be merged or aggregated. Otherwise not. In a sense, the similarity will control and
guide the database transformation operations.
6.3.1

Hierarchic Semantic Similarity Matrix

For a hierarchical structure as shown in Figure 6.2. a semantic similarity matrix as shown in
Table 6.1 can be defined based on the properties of the hierarchical structure. A, B and C in
Figure 6.2 represent the different branches in the hierarchical structure. For later use, they are
called sub tree. T in the same Figure is called the top of the structure and c(. are object or object
type.
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Figure 6.2 Example of a hierarchical structure
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The semantic similarity matrix represents the similaritybetween object types.
Table6.1 Exampleof semantic similarity matrix
SIMILARITY
Sub-typel
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S
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S
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S

57

S

58

S
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S

88

Sup-typel

17

s 77

Sup-type2

Where:
sub-typel, sub-type2etcdenotedifferent elementary object types;
typel,type2denotedifferent objecttypes;
sup-typel, sup-typeetcdenote (super) composite object type;
s..denotes similarityvalueamongobjecttypes.
The larger the valueof anelement inthe matrix, the greater isthe similaritybetween two object
types that the element links.The matrix is a symmetric and reflexive one, and hasthe property
that s.. is equal to s 7 (s..= s • ) and s ;/is equal to s .. (su =s •• =1) in the matrix, s .. is a
valuebetween oand 1.
This matrix shows the similarity among different levels of object types.Itwill provide potential
possibility tochose objects of different types tobe merged or aggregated. The similarity matrix
will be used as a look-up table for guiding or governing the aggregation process of spatial
objects in semanticstoacertain application.
The value of element s•• in the matrix can be given by expert knowledge or by calculation (to
bediscussed inSection 6.3.2)basedonaggregation hierarchy andclassification hierarchy.
6.3.2

ComputingModel of Similarity

Using Set theory, Tversky (1977) defines a similarity measure in terms of a matching process.
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This measure produces a similarity value that is not onlythe result of thecommon, but alsothe
result of the different characteristics between objects, which is in agreement with an
information theory definition of similarity (Lin,D 1998, Rodriquez and Egenhofer 1999,Bishr,
1997,Chakroun etal,2000).
Asimilarity measurebased on the normalization of Tversky's model and Set-theory function of
intersection (AOB) and difference (A-B) is given in the following Equation (1),where c(.and
c

are different attribute structures; A and B correspond respectively to description set of

c(. and c such as features; || is the cardinality of a set; and CC is a function that defines the
relation importance ofthenon-common characteristics.

^

\AnB\
S(c,.,cI.)=-i
1

:

H

H

;

^

r (0<a<i)(i)

\AnB\+a(ci,cJ)\A-B\+(\-a(ci,cj))\B-A\

A natural approach to comparing the degree of generalization between object types is to
determine the distances from these object types to the immediate super object types that
subsumes them in a classification hierarchy as shown in Figure 6.1, that is, their least upper
bound in a partially ordered set (Birkhooff,G, 1967). In a sense, the difference in the distances
from these object types to the immediate super object types that subsumes them in a
classification hierarchy reflects the difference in attribute structure (see Chapter 3 and
Molenaar, 1998)between twoobject types.
Acomputational model that assesses similarity among objects and object types based on some
definitions, concepts and hierarchical structure in Chapter 2and 3aswell asTversky's model is
proposed. There are three distances. One is the distance (number of the link edges) from
immediate super object type that subsumes c ; and c to the top of a hierarchy such as object
typegtotopof thetreeTinFigure6.1which represents acommonpart ofthe attribute structure
between two object types c ; and c . Another distance (number of the link edges) from
immediate super object type that subsumes c . and c . to c ; such as object type g to c, in
Figure 6.1 which represents the different parts of an attribute structure between object type c .
and c (| c(. - c |).And the third is the distance (number of the link edges) from immediate
super object type that subsumes c ; and c to c such as object type g to c 5 in Figure 6.1
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whichrepresentsthedifferent parts ofattribute structures between object typec(. andc (|c c ; |),Theproposed model is shown inEquation 2.It applied totwocases.Oneisfor twogiven
objects or object types belonging to the same sub tree such as sub treeAin Figure 6.1 and the
other is for two given object types belonging to two different sub trees such as A and B as
shown in Figure 6.1. For the first case, the model uses two types of distances to define the
common and different properties between the given object types. One is the distance between
given objects or object types and immediate super object types that subsumes them which
reflects difference properties between two given object types and the other is the distance
between immediate super object types that subsumes two given object types and the top of the
hierarchical structure which reflects the common properties of two given object types. For the
second case,the distancebetween immediate superobject types that subsumes two given object
types and the top of the hierarchical structure will be zero since the two given object types
belong todifferent subtrees such as cj and c15 inFigure 6.1. Sothis distance will be replaced
bythe correlation valuebetween twosubtrees intheEquation 2(b).
/

/+a(c, ,Cj)*dc.+(l-

a{ct, c,)) *dc.

(c a n d c

/

J

e same sub tree) (a)

"

s y (c,. , c ; > <

(2)

P
j3+

(c, andc £ different sub-tree)(b)

a(ci,cJ)*dci+(l-a(ci,cJ))*dcj

Where:
/: the shortest distance (number of thelinkedge )from immediate superobject type
that subsumes c. andc tothetopof ahierarchy;
dci: theshortest distance (number ofthelinkedges) from immediate super object
type that subsumes c ; andc toc( ;
d .: the shortest distance (number ofthelinkedges) from immediate superobject type
that subsumes c(. andc toc ;
Ot '. afunction ofthedistance (number ofthelink edge )between immediate super
object typethat subsumes c( and c totheclassc ; andc .
f3 : correlation degree amongdifferent sub-trees,suchas similarity
among agricultural land use,forest land use andbuildingupland use,andits
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valuecan begivenbyexperts basedon application requirement.
The Ct (c,., c •) canbe expressed as a function of the distance dciand d .In order to get final
values of OC, thefunction (Equation (3))isdefined as follows:

d.Cl

~dZ7d~
Cl

(d

Cj

-^}

a(c,.,C;)=

(3)

ZT7T

<"•.*«>

where:
dci: the shortest distance (number ofthelink edges)from immediate super object
type that subsumesc( andc toc(.;
d •: the shortest distance (number of thelinkedges)from immediate superobject type
that subsumes c•andc toc ..
This similarity function yields values between Oand 1.The extreme value 1represents the case
that the two entity classes are completely the same, whereas the value 0 occurs when the two
entityclasses arecompletely different.
An example for computing an element of similarity matrix from a classification hierarchy is as
follows: Taking Figure 6.1 as an example to calculate the similarity among object types and
considering twocases (oneistwoobject typesat same subtree (such asAin Figure 6.1) andthe
other is at different sub trees (such as A and B in Figure 6.1)), and supposing that the
correlation value between Aand Bis 0.5, we have the following results based on the equations
defined above:
Twoobjects orobject typesbelong toA
S(c,,c 2 )=s 12 =3/(3+0.5*l+0.5*l)=0.75 ;

( a =0.5)

S(c, ,c3)=s13=2/(2+0.5*2+0.5*2)=0.5;

( a =0.5)

S(c,,c 5 )=s 15 2/(2+0.66*2+0.34*1)=0.546;
Twoobjects orobject typesbelong toAandBrespectively:
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S(c,,c14)=s14=0.5/(0.5+0.2*4+0.8*l)=0.238;
S(c1,c17)=s17=0.5/(0.5+0.43*4+0.57*l)=0.127;
S(c, ,c18)=s18=0.5/(0.5+0.5*4+0.5*4)=0.I l l ;

( a =0.2)
(#=0.43)
( « =0.5)

6.3.3 Aggregation RulesBasedon Similarity
Based on the similarity computation method, the aggregation rules need to be defined in
categorical database transformation in order to search a suitable object to be aggregated in the
transformation unit. For a given object violated geometric constraints or others, we mustfind
one object or more in its transformation unit (neighbors) to aggregate with through the
aggregation rules. Five rules are defined based on characteristics of categorical data and
applied to categorical database transformation. These aggregation rules are feasible and
accessible incategorical database transformation.
•

Rule 1:for agiven object, if someobjects intheirtransformation unit belongtothesame
sub-tree as the given object does such as sub-tree A in Figure 6.land the other
objects belong to another sub tree such as B in Figure 6.1, then the given object
should be aggregated with the object belonging to the same sub tree as it in the
transformation unit.

•

Rule2:for agiven object, if allobjects intheirtransformation unitbelong tothesamesub
tree andthere isanobject withamaximum valueof similaritybetween thegiven
object andtheotherobjects, then thegiven object willbe aggregated withthis
object.

•

Rule 3:for agiven object, if allobjects intheirtransformation unitbelongtothesamesub
tree and there are two or more with an equivalent value of similarity between the
given object and these objects, then the given object will be aggregated with the
object which hasthelargest areaorlongest circumference amongtheseobjects ina
transformation unit.

•

Rule4:for agiven object, if allobjects intheirtransformation unitbelong tothe different
sub tree respectively and there is only one object with a maximum value of
similarity between thegiven object andtheotherobjects, then thegiven object will
be aggregated with this object.

•

Rule5:for agiven object, if allobjects intheirtransformation unitbelong to a different
sub tree respectively and there are two or more objects with an equivalent value
of similarity between the given object and the other objects, then the given object
will be aggregated with the object which has the largest area or longest
circumference amongtheseobjects inatransformation unit.
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6.4 Area Object Aggregation Operations
After creation of different types of transformation units, the main task of database
transformation is solving the conflicted objects in geometric, thematic and relational aspects in
transformation units. As mentioned before, the transformation unit is the basis for an
aggregation operation. It will facilitate the aggregation process in categorical database
generalization. This is because the different types of transformation units will provide the
information on conflicted objects, limit a set of objects to be processed and fix the object types
and the similarity between objects to be evaluated. In categorical database generalization, the
different types of aggregation operation (see following Section 6.4.1, 6.4.2, 6.4.3 and 6.4.4) will
be triggered through visiting the transformation unit list which stores all data about
transformation units.
The aggregation operation of spatial objects depends both on the geometric properties of spatial
objects such as topological relations, and the semantic relations among the object types as
discussed in the previous section. If a spatial object in a database will be merged with its
neighboring objects, we have to decide which neighboring objects will be included in the
transformation unit.
Based on the characteristics of four types of transformation units, four types of aggregation
operation algorithms are designed (to be described later). The system will trigger corresponding
aggregation operation according to the types of transformation unit.
6.4.1

Aggregation Operation Based on TU1

Let S be a similarity sub-matrix extracted from the similarity matrix as shown in Figure 6.2.
The object types which objects belong to in the considered transformation unit are only
included in this similarity sub-matrix. S will be extracted dynamically from the similarity
matrix and used as look-up-table in the aggregation operation. Some of the objects in the
transformation unit have the same attribute structure or similarity value to each other higher
than the threshold based on the condition created for this type of transformation unit. After the
aggregation operation, the common edge(s) between these objects will be deleted. The
procedure for this type aggregation is as follows:
For each transformation unit CurrentTU, do the following:
{
• For each object theCurrentObject G CurrentTU, do the follwing:
{
• Check if there exist objects having the same attribute structure or similarity value
to S which is larger than the threshold ,if the result is no, then move to the next
transformation unit of this type, otherwise do the following:
{
• Find an object theobjectG CurrentTU, Get the edges of theCurrentObject and
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theobject, and store them in a list edgelist;
•

•

Delete the common edge in edgelist to form a new object thenewobject and
updata topology relation among the objects and store thenewobject in CurrentTU;

}
Let theCurrentObject^ thenewobject, repeat above steps at this level until there are no
objects having the same attribute in CurrentTU;

}
Move to the next transformation unit in the data set and repeat all the steps at this level.

6.4.2

Aggregation Operation Based On TU2

Let S be a semantic similarity sub-matrix that has the same definition as discussed in Section
6.4.1. The objects in this type of transformation unit are connected spatially to each other and
one or some of them are too small and its or have areas that are less than the area threshold (see
Figure 6.3 (a)). These objects may belong to the same sub-tree in a hierarchy or may not. The
conflicted object(s) will be aggregated with a suitable object in a transformation unit through
two ways based on the rules in Section 6.3.3. One is that the conflicted object will be
aggregated with an object having maximum similarity value in S in the transformation unit and
the other is with an object having a largest area or longest common edge with the conflicted
object in the transformation unit. After the aggregation operation, the common edges of the
objects are deleted and a new object is formed. The procedure for this type of aggregation
operation is listed below:
For each transformation unit CurrentTU'£ TransformationUnitList, do the following:

f
•

For each conflicted object theCurrentObject^ CurrentTU, do the following:
{
• Check if objects exist that have higher similarity value from S than the
threshold, if the result is no, then move to the next transformation unit; otherwise do
the following:
{
• Find all the objects having higher similarity value s • with theCurrentObject in
CurrentTU and store them in a list theTempobjectList;
•

Check to find a maximum similarity value s .. between theCurrentObject and
theobject 6

•

theTempobjectList;

If the result is Yes, do the following:
{
• Get the edges of two objects theCurrentObject and theobject, and store them
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in a list edgelist;.
Delete common edges in the edgelist. reorganize edges in the edgelist to form
a new area object thenewobject and delete two old objects from the data set
and update topology relation (see Figure 6.3 (a), (b), here, the similarity
value between object Aand B is higher than the one between Aand C ) ;
Else
Find a theobject maximum area or longest common edge sharing with
TheCurrentObject in theTempobjectList;
Get the edges of two objects theCurrentObject and theobject, and store them
in a list edgelist;.
Delete common edges in the edgelist. reorganize edges in the edgelist to form
a new area object thenewobject and delete the two old objects from the data
set
and update thematic attribute and topology relation ( see Figure 6.3 (c) here,
the similarity value from S between object A and B is the same as the one
between Aand C, but area of object C is larger than B );

Move to the next transformation unit and repeat all the steps at this level.

(b)

(c)

Figure 6.3 Examples of aggregations based on TU2
6.4.3 Aggregation Operation Based On TU3
Let S be a semantic similarity sub-matrix that has the same definition as discussed in Section
6.4.1. The objects in this type of transformation unit are near neighbors but not connected
spatially to each other (see Figure 6.4 (a)) and the distance between two objects are too close
and violate the distance threshold. These objects may belong to the same sub-tree in a hierarchy
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or not. The objects with a distance between them less than the threshold will be aggregated to
form a new object or aggregated to two other objects, in which the space between them will be
parted based on the skeleton line (see Section 5.3.2.3 and Figure 6.4 (c)) and assigned to the
two objects respectively. The decision on forming one object or two objects depends on the
similarity value from S. The following part gives this type of aggregation operation procedure:
For each transformation unit CurrentTUE TransformationUnitList, do the following:
{
• Check if there exist a pair of objects where the space between them is less than the
threshold in CurrentTU ; if the result is no, then move to the next transformation unit;
otherwise do the following:
{
• Triangulate the objects in the transformation unit
• If they have the same thematic attribute structure or the thematic similarity value
between them is larger than the threshold from S. Do the following:
{
• Get the edges of two objects, and store them in a list TempEdgelist.
•

Store the most outer edges c and d of a set of triangles between Aand B in a list
TempEdgeList (see Figure 6.4 (a));

•

Break down polygon Aand B to form polygon A (al , a2 ) and B ( b , , b2 ) (keep
clockwise way) based on the intersection points of c and d with Aand B
respectively and store them in TempEdgeList (see Figure 6.4 (a));

•

Delete edges a2 and b2 which are related to the triangles between Aand B from
TempEdgeList, and get edges A ( a , ) and B (b[,)of polygon Aand B, and store
them in TempEdgeList.

•

Link outer edge and edge of polygon in TempEdgeList based on line adjacent
relation between outer edge and edge of polygon, and form a new object
thenewobject ( a , , c, b t ,d, a , ) (see Figure 6.4 (a) and (b));

•

}
Elseif they have different thematic properties or the thematic similarity value from
S between them is less than the threshold, do the following:
{
• Get the edges of two objects and store them in a list TempEdgelist.
•

Store the most outer edges c and d of a set of triangles between Aand B in a list
TempEdgeList.
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•

Extract skeleton line (see Section 5.3.2.3) zand store itin TempEdgeList.

•

Break downpolygonAand Btoform polygonA (al, a2 ) and B (bl, b2 )(keep
clockwise way)basedontheintersection points ofcanddwithAandB
respectively and storethemin TempEdgeList.

•

Break down outeredges canddinto c(c,, c2)andd(d j , d2 )based onthe
intersection points of z with c and d, store c,, c2 ,d, and d2 in TempEdgeList;
and atthe sametimedelete canddfrom TempEdgeList.

•

Deleteedges a2andb2which arerelatedtothetrianglesbetweenAandB from
TempEdgeList, and getedgesA (a ; ) andB (b,,) ofpolygonAand B,and store
them in TempEdgeList;

•

Link edges according totheorderof edgeof polygon,outeredgeand skeleton line
in TempEdgeListbased onlineadjacent relation between outeredges,edgeof
polygon and skeleton line and form two new objects thenewobject (see Figure
6.4 (c)
and(d));

•

Storethenewobjectin CurrentTUanddelete thetwooldobjects from thedataset
andupdatethematicattribute andtopology relation;

Repeat all stepsatthislevel.

d

(b)

d

(d)

Figure6.4 Examples of aggregation operations based onTU3
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6.4.4

AggregationOperationBasedonTU4

Let Sbe a semantic similarity sub-matrix which has the same definition as in previous Section
6.4.1. The objects in the transformation unit are near neighbors (connected or disconnected
spatially) with each other and there is at least aconflicted object violated geometric constraint
(see Figure 6.5 (a)). These objects may belong to the same sub-tree in a hierarchy or may not.
The conflicted object(s) may be aggregated with an object from its first order neighborhood or
from its second order neighborhood (see Section 6.5). This depends on the similarity value
among the objects, the distance between objects and the aggregation rules. The procedure for
thistype of aggregation operation isgiven below:
Foeeachtransformation unit CurrentTU& TransformationUnitList, dothe following:
{
• Checkif conflicted objects andconflicted relationsexist inCurrentTU, iftheresultis
no,themovetothenexttransformation unit; otherwise dothe following:
For eachconflicted object theCurrentObject G CurrentTU, dothe following:

Triangulate theobjects inthetransformation unit;
•

Findtheobjectsfirstorderand second order neighbor oftheCurrentObject
through constrained triangulation (seeSection 6.5), storethem intwolists
theNeighborl and theNeighbor2 respectively.
IftheCurrentObjecthasthesamethematicattribute structureastheobject G
theNeighborl or the thematic similarity value s- from S between
theCurrentObject and theobject G theNeighborl is larger than the value between
theCurrentObject andtheobjectG theNeighborl; dothe following:

•

If object theCurrentObjectis aninland in theobject;
•

•

Deleteobject Aandform thenewobject (seeFigure 6.5 (a)and(b));

Else
{
• Gettheedges of twoobjects theCurrentObjectand theobject, andstore
theminalistedgelist;.
•

Delete common edges intheedgelist. Reorganize edges intheedgelistto
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form anew area object thenewobject and delete the two old objects from
thedata set andupdatetopology relation;

Elseif thethematic similarity value from Sbetween theCurrentObjectand
theobject G theNeighbor2is higher than the value betweentheCurrentObject
and theobject 6 theNeighborl and the distance between the two objects is less
thanthethreshold; dothe following:

Triangulate theobjects inthetransformation unit (seeFigure 6,5(c));
Gettheedges of twoobjects theCurrentObjectandtheobject ,andstore
them inalist TempEdgelist.
•

Storethemost outer edgescanddof aset of triangles between
theCurrentObject and theobject in a list TempEdgeList.
Break down polygonAand Btoform polygonA (a,, a2)and B (b,, b2)
(clockwise) based on the intersection points of c and d with
theCurrentObjectandtheobjectrespectively and store themin TempEdgeList.
Deleteedges a2andb2 which arerelated tothetrianglesbetween
theCurrentObject and theobject from TempEdgeList, and get edges A (a,)
and B ( b , , ) of polygon theCurrentObject and theobject ,and store themin
TempEdgeList.
Link outeredgeand edgeof polygon in TempEdgeListbased online adjacent
relation between outer edgeand edgeofpolygon, and form anew object
thenewobject (a,, c,b, ,d,a,) (seeFigure6.5(d));

Store thenewobjectintheCurrentTU, deleteaggregated objects and update
thematic attribute andtopology relation;

Repeat allabovesteps atthislevel.
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Figure6.5 Examples of aggregation operations basedonTU4
6.5 Object Clustering
Clustering a set of area objects in a database using constrained Delaunay triangulation is very
efficient. Peng (1997) discusses this type of problem for a set of area objects. In his research,
detection of regular linear groups of objects within a larger group is implemented by two
parameters orientation and "width" of a triangle. This study concentrates on clustering a group
of objects based on the average length of the edges of the triangles between two objects. The
average length of three edges of a triangle between two objects is the basis for clustering
objects in a set of objects in a database. If the length is less than the given threshold, then two
objects couldbeclassified asagroup.
Theparticular exampletobe considered concerns clustering asetof areaobjects (seeFigure 6.6
(a)). In Figure 6.6, the objects are rather similar sizes; the distances between neighboring area
objects inthegroup aresimilar and arenormallylessthanthedistancetothe nearest area object
outsidethegroup.
The algorithm which has been developed is based on this understanding and the Delaunay
triangulation of area objects, and starts with triangulating a considered set of objects, tracing
continuously the objects which have adistance less than thethreshold between its adjacent (not
connected) objects through checking the average edge length of the triangle between the two
objects.
•

Let CurrentObjectListbe object list andstore allconsidered objects ;

•

Let ClusterObjectListbeemptycluster list and storethe result ofclustering object;

•

Triangulating asetof areaobjects £ CurrentObjectListwhichare disconnected;
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Delete the triangles within each area objects (see Figure 6.6 (b));
For each object theCurrentobjectG CurrentObjectList, do the following:
{
• Calculate the average length of three edges of triangles between theCurrentobject
and the object of its neighbor; check if there exist object(s) of its neighbor having
the distance (average edge length of a triangle) less than the threshold with
theCurrentobject; if no, move to the next object in CurrentObjectList; otherwise do
the following:

Push the object(s) of theCurrentobject's neighbor in a stack thestack and
Store theCurrentobject and the object(s) in a temporary cluster list
theTempClustesList;
Pop up an object theobject from thestack, check if there exist object(s) of
its neighbor having the distance less than the threshold with theobject; if
yes, push the object(s) in thestack and store the object(s) in
theTempClustesList; otherwise do the following:
{
• Check if there exist the object(s) in thestack, if yes, then repeat the
previous step (indicated by icon • ) , otherwise do the following:
{
• Store all objects in theTempClusterList to ClusterObjectList;

•

Move to the next area object in CurrentObjectList and repeat all the steps at this
level until the CurrentObjectLis is empty.

^

4

S ft
(a)

(b)
Figure 6.6

Example of object clustering.
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Figure 6.6 (b) and (c) show the process and result of object clustering.
6.6 Multi-Order Neighborhood
Multi-order neighborhoods (K-order neighborhood) play an important role in a complicated
aggregation operation. In a sense, it can be used to express the relation between two adjacent
but not connected objects. Some authors describe the multi-order neighborhood using adjacent
graph method (Molenaar 1998, Zhan,C2000 and Lang et al 2001). In this study, it will focus
on using the constrained Delanauy triangulation network to describe and analyze a multi-order
neighborhood. Suppose we have a set of area objects as shown in Figure 6.7 (a). For the object
o in the figure, its first order neighborhood is defined based on a triangulation network as
follows. Those area objects connected to a given area object o by a set of triangles which do not
belong to o are object o's first order neighborhood. The objects which are object o's first order
neighborhood are shown in Figure 6.7 (b). This set of area objects is called the 'first-order' of
area object o. Then those area objects that are connected to the first-order neighbors by the
triangles and the triangles are not first-order neighbors themselves, are called 'second-order
neighbor' and can be obtained through the same method above as shown in Figure 6.7 (c). By
continuing this process we can define k-order neighbor for any object.
Let theneighborlist be an empty list
For a given area object, do the following:
{
• Find all triangles thetri whose constrained edge is the edge of the given area object and not
belonging to the given area object;
•

Store thetri in a list thetrilist;

•

For each triangle trie thetrilist, do the following:

i
•

Identify the object which tri belongs to and check if the object has been included in
theneighborlist, if the result is yes, do nothing; otherwise;

•
}
•

Store the object in theneighborlist;
For objects G theneighborlist,

•

Repeat above steps, finish other order neighbors search.

Figure 6.7 (a) is a set of objects. And Figure 6.7 (b) and (c) show the result of 1-order and 2order neighbors of the center object respectively, in which 1-order and 2-order neighbors of the
area object are searched by using above algorithms.
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(a)

(b)

(c)

Figure 6.7 Exampleof multi-neighborhood
6.7 Creating Hierarchical Catchments of River Network
River catchments play an important role in river basin management and traditional map
generalization. In generalization, the size of catchments will beone of the important factors for
selecting the streams for a drainage network. Rechardson (1993) discusses theproblem of river
system generalization based on Strahler classification and Horton classification. The problems
of formalization of catchments and catchment generalization based on FDS and Strahler
classification are discussed by Molenaar and Martinez Casanovas (1996), Martinez Casanovas
(1994) and Molenaar (1998). In this section, we mainly concentrate on discussing how to
create hierarchical catchments of ariver network based on Horton's river classification system
and constrained Delaunay triangulation network. The river classifications are introduced
briefly.
6.7.1 Straler's,Shreve's andHorton's Classification
Stealer's (1957 ),Shreve's (1967 )and Horton's (1945) classification are shown in Figure 6.8 .
Each river system has an intrinsic hierarchical structure that can be described by these three
different stream ordering procedures. This hierarchical structure can be utilized as the basis for
afeature elimination procedure.

(a) Horton Classification

tb) Shreve Classification

Figure6.8 Classification of river systems
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Stream order is a measure of the position of astream inthehierarchy of tributaries.Thecriteria
for stream order enumeration, though, may be geometric, topologic, or volumetric. Two
topologic criteria, magnitude and order, are considered. The magnitude of a given link
establishes its position in relation to its directly adjacent links. Thus it is independent of the
overall size of the system, of what portion is being enumerated, or of changes that might be
made in the system. Order values, on the other hand, describe the link's position in relation to
the entire river system. Straler's and Shreve's classifications enumerate stream magnitude
which create ahierarchicrivernetwork structure from theparts tocreatethewhole.
Horton's system of ordering (Horton, 1945) has been shown to be the most useful for
establishing a database structure that is amenable to an objective and simple generalization
procedure that can be used in computerized data bases where the system may be required to
generate different databases at quite different scales. In the system devised by Horton,
unbranched fingertip tributaries are always designated as order 1,tributaries or streams of the
2nd order receivebranches ortributaries of the 1 " order,but these only; a3rdorder stream must
receive one or more tributaries of the 2nd order but may also receive lsl order tributaries. A4th
order stream receives branches of the 3rdand usually also of lower orders, and so on. Using this
system the order of the main channels is the highest. Horton assigned order 1to the fingertip
tributaries and the highest order to the main trunk. He wanted all fingertip tributaries to be of
the same number of links. It is shown that in fact the Horton procedure can be used to answer
both questions of "How many" and "which ones". It provides a framework for the
establishment of an objective and geographically oriented generalization scheme (GrarbrechtJ.
Martz,L. 1997, Mazur,Z.R and Castner,H.W,1990, Martinez Casanovas 1994, Rodriquez et al
1999).
Ordering isonlythefirst stepinthequantitative analysis indatabase generalization.
6.7.2 Requirements of Creating Hierarchical Catchments of RiverNetwork
Creating ahierarchical catchment area must meet severalrequirements as follows:
•

River system mustbecomplete;

•

Catchment area of a order stream includes all catchments areas of its branches at the next
lower order; in other words, each of catchment areas of its branchs is a part of the
catchment area.

•

Adrainage network consists of a set of drainage links connected by network nodes.Three
types of nodes areencountered in adrainage network: the outlet node,upstream tips of the
drainage network where drainage links originate (source nodes) and points at which twoor
more channel linkjoin (junction nodes).

139

Chapter 6

Auxiliary Analysis Methods

•

Stream are considered to be basic units, called links, which are usually uniquely identified
from their sources to their mouths and are fed by several tributaries.

•

In order to create hierarchical catchments, Horton's classification needs to be adjusted
There will be only one highest order link in a river network according to Horton's
classification, but there may be more than one link at each order of the other orders.

The strategy of creating a new catchment area is step by step from the highest order link to the
lowest links. At first a catchment area of the highest order link will be created, and then
catchment areas of all links for each order are constructed gradually in order downward till the
lowest order.
The main procedures are discussed in the next part. The main steps include: 1) A river network
is classified by Horton's classification system and gets the number of catchment levels through
the number of Horton's river orders in a river network. In order to create hierarchical
catchments effectively and efficiently, Horton's classification of a river network has to be
changed based on the following rule: if the order of the river links is not the next lower order of
its adjacent link, then it changes its order into the next lower order. This rule to all links in a
river network is implemented except for the highest order link (see Figure 6.10); 2)
triangulating through different order links respectively from the highest to the lowest order; 3)
extracting skeleton lines between links or between link and boundary of catchments; 4) forming
catchments of different order links.
6.7.3 Process of Creating Hierarchical Catchments of River Network Based on CDT
Let thenodeslist be a node list and used to store the nodes;
Let thecatchmentslist be an empty catchment boundary list and used to store boundaries of
catchments;
Let thelinkslist be a link list and used to store river links;
Let maxorder=mimber of order of river and minorder=\;
Get highest order link from thelinkslist and all nodes from thenodeslist, and form a convex,
and this convex area may be considered as a catchment area of the highest order link .
Let theorder=maxorder-1
From theorder to minorder, do the following:
{
• get all link objects at the theorder level and the link objects at the level directly above
theorder from thelinkslist, and store them in templinklist, and get all the nodes of links
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whoseorderislowerthan theorder from thenodeslistand storethem in tempnodeslist,
andget allboundary of catchment areafrom thecatchmentslist and storethem
in tempcatchmentlist.
construct constrained delaunay triangulation based onthedataoftemplinklist,
tempnodeslistand tempcatchmentlist.
for eachlinkobject linkobjectfrom templinklist, dothe following:
{
> for aconsidered link,follow theproceduredescribed inChapter 5toget allits
neighbor nodes,neighbor linksobject, anditsneighborboundary of catchment
areas atthenexthigher orthehigherorderlinks;
> get asubset oftriangles which arerelativetotheconsidered linkobject andits
neighbor objects (including sourcenodes,junction (outlet) nodes andboundaryof
catchment area)and storethen inthelist temptrilist;
> find thetriangles whichhavejunction (outlet)nodeoftheconsidered linkobject as
theirvertex andtheconsidered link object astheir constrained edges;pushthe
trianglesintothestackstarttristack, Thejunction nodewillbethe startingpoint to
tracetheboundaryof catchments areaand the triangles willbethe starting
trianglestotracecatchment areas;
> ifstarttristack isempty,stoptracingtheboundaryof catachment areaofthe
considered linkobject and movetothenextlinkobject intemplinklistifthereare
still link objects atthesamelevelastheorder nottobeprocessed; otherwise
dothe following:
{
• popupanobject theobjectfrom starttristack, let triobject=theobject;
•

addthejunction nodeofthe considered link object tothelist
tempboundarypointlist
for eachtriangle triobjectE.temptrilist, dothe following

ifthetriangle object triobject6 tri3
{
• computethemiddlepointof non-constrained edgeoftriobject;
•

addthemiddlepointto tempboundarypointlist;
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if the triangle object triobject G tri2

f
•

if one of three vertexes of triobject is the source node of the
considered link or the source node of the next lower /or next higher
order link of considered link and the constrained edge is the boundary
of catchments at the next higher order link, do the following:
{
• add one vertex of the triangle on the constrained edge to the
list tempboundarypointslist;
•

connect all points in tempboundarypointslist to form line object
from junction node to last point through all middle points;

•

add the line object to the list tempcatchmentlist and empty
boundarypointslist;

if the vertex of the triangle is the source node of the link whose order
is lower than the considered link and the constrained edge of the
triangle is the considered link, then check if the corresponding
junction node of the source node is on the considered link object. If
the result is yes, then do nothing to the triobject;otherwise do the
following :
{
• compute the middle points coordinates of unconstrained
edges of the triangle;
•

add the middle points to tempboundarypointslist;

if the vertex of the triangle is on the adjacent link /or source node of
the adjacent link at the same order of the considered link or on the
adjacent link at the next higher order and the constrained edge of the
triangle is the considered link, then do the following :
{
• compute the middle points coordinates of unconstrained
edges of the triangle;
•

•

add the middle points to tempboundarypointslist;

if the triangle object triobject G tril
{
• if one of three vertexes of triobject is outlet node of the lower order
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neighboring link of the considered link andtheothertwovertexesof
triobjectareonthetwoneighboring links atthesameorderasthe
considered link respectively; or
if oneofthree vertexes of triobjectis sourcenodeof the considered
linkandtheothertwovertexes of triobject areonthetwoneighboring
links atthe sameorderastheconsidered linkrespectively, dothe
following:
{
• compute thecoordinates of thecenterpoint of triobject;
•

addthe coordinates tothelisttempboundarypointslist;

if oneof threevertexes oftriobjectis sourcenodeof theconsidered
linkobject, andoneof theother twovertexs of triobject isona
neighboring linkatnexthigher orthesameorder andanother isonthe
boundary of thecatchments areaatthehigher orderlink of the
considered link or;
if oneof threevertexesoftriobjectis sourcenodeof the considered
link, andoneoftheothertwovertexes oftriobjectisthesourcenode
of aneighboring linkatnextlowerorderand another isonthe
boundary of thecatchments areaatthehigher orderlinkof the
considered link or;
if twoofthreevertexesof triobject areonsourcenodeoftwonext
lowerorder neighboring linksoftheconsidered link andanother ison
theboundary ofthecatchments area atthehigher orderlinkof the
considered link or;
ifoneofthreevertexesoftriobjectis sourcenodeofconsidered link
andthetwoother vertexes areonthedifferent boundaryofthe
catchments atthehigher orderlinkof theconsidered link respectively
or;
ifoneofthreevertexesoftriobjectissourcenodeof aneighboring
lowerorderlink of theconsidered linkandtheothertwovertexes are
ontheneighboring linksof theconsidered linkandtheconsidered link
respectively; dothe following:
{
• addthevertexoftriobjectontheboundary of catchmentto
Thelist tempboundarypointslist;
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*

connect all points in tempboundarypointslist to form boundary
object from junction node to last point through all middle points;

•

add the line object to the list tempcatchmentlist;

•
}

empty tempboundarypointslist;

if one of the vertexes of triobject is on the considered link and the
other two vertexes are source nodes of two neighboring lower order
links of the considered link respectively or;
if one of the vertexes of triobject is on the considered link and the
other two vertexes are source and outlet node of neighboring lower
order link of the considered link respectively or;
if one of three vertexes of triobject is source node of alower order
neighboring link of the considered link and the other two vertexes of
triobject are on two neighboring links of the considered link, then
check if the corresponding junction node of the source node is on the
considered link. If the result is yes, then do nothing to the triobject;
otherwise do the following:
{
• compute the coordinates of the center point of triobject;
•

add the coordinates to the list tempboundarypointslist.

if three vertexes of triobject are source or outlet nodes of lower order
links compared to the considered link, then do nothing.
}

>

add tempcatchmentlist to the list catchmentlist;

^ empty templinklistjempnodeslist
}

tempboundarylist and tempcatchmentlist

let theorder=order-l and repeat the above steps;
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Figure 6.9 gives test data of a river system and Figure 6.10 is its corresponding order
classification system.

Blni'_rank 4{rnajor)
Red
rank3

\ I
Figure6.10 Orderofthe river system

Figure 6.9 Exampleof ariver system

Figure 6.11 shows the catchments of order 4 of the river system. Figure 6.12 gives the
catchments of order 3of the river system. Figure 6.13 presents thecatchments of order 2of the
river system and Figure 6.14 shows thecatchments oforder 1oftheriver system.

Figure6.11 example of catchments of order4

Figure6.12 exampleof catchments of order3
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Figure6.13 exampleof catchments oforder2 Figure6.14 exampleofcatchmentsof order1
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Chapter7
Application ofMethods
7.1 Introduction
Chapter 5 explained the integration of the Formal Data Schema and Delanuy triangulation
network. This has been called the IEFDS. Chapter 4 discussed the constraints for database
generalization. These are pre-requirements for the definition of four different types of
transformation units in Chapter 6. Semantic similarity indices were then introduced to decide
which objects in such a unit should be combined into an aggregated object. The actual
aggregation operation depends on the types of TU. In this chapter the examples will be
elaborated todemonstrate the functionality of generalization processes based on theseconcepts.
The examples of the application include object clustering, land use aggregation and automated
organization of hierarchical catchments.Thedataused intheexamples areboth from arealdata
setand simulated data.
7.2

Object Clustering BasedonCDT

The section intends to demonstrate the concept of a transformation unit based on geometric
properties such as the distance between two objects. The distance between the objects is
represented by the average length of three edges of the triangles between two objects in this
study. This type of transformation unit can be reached by clustering spatial objects. The main
requirement for clustering spatial objects is that clusters should reflect main spatial distribution
properties of thespatial objects. There aretwomain aspects involved inthedemonstration. One
is tocluster the objects that areconsidered tobe tooclose based on theaverage length of edges
of triangles between two objects. These clustered objects form different transformation units.
The average length of edges of triangles between objects as a constraint plays a key role in
clustering objects. Therefore, the other is to analyze the influences of the average length on
object clusters according to setting different threshold values. The objects among which the
average lengthislessthan thepre-thresholdvalueinatransformation unit willbe aggregated.A
dataset of lakes at a scale of 1:10000 from ShenZheng Bureau of Urban Planning and Land
Resource Management of ShenZheng city in P.R. China is applied to test the algorithms in
Chapter 6. The data set consists of 70 different sizes of lake objects (see Figure 7.1). Someof
them are too small or the distance between them is too close when the resolution of a database
is changed from higher to lower. This data set maybe used to answer the questions listed
below:
•

How toanalyzethe spatialrelation amongthe objects?

•

How to identify a group of objects with a significantly closer distance relation than any
other group?
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•

Howtoaggregatethisgroupof objects?

Figure7.1 Asetoflakes
Themain stepsfor clustering objects include:
•

Constructing triangulation networks of theobjects;

•

Setting adistance threshold valuebetween the objects;

•

Object aggregation;

•

Analyzing adistance threshold valuebetween the objects

7.2.1

Constructing Triangulation Network of Objects

The first step for analyzing spatial properties of the objects is to construct constrained
triangulation networksoftheobjects asshowninFigure7.2.

IN*.*Jm

^^^^^•^^^^^^^^^^^^^^MHI
Figure7.2 Triangulation network of the objects
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The edges of the objects are constrained edges of triangulation. Then the triangles within the
objects inFigure 7.2 aredeleted. Figure 7.3 showstheresult.

Figure7.3 Objects andTriangulation network between the objects
7.2.2 Setting Distance Threshold Value between Objects
The threshold value between the objects is setbased on experts or can also be set by statistical
analysis suchashistogram methods.Figure7.4 gives adialogtosetthethreshold value.
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Figure7.4 Parameter setupdialog
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The different threshold values can be set through the dialog. After setting the threshold, the
triangles between the objects aredeleted if their average length of the three edges is larger than
the threshold and only the triangles whose average length is less than the threshold are kept.
Theobjects which areconnected bya setof triangles areformed as several transformation units
underthethreshold valueof 5mmas shownin Figure7.5.

Figure7.5 Object cluster
7.2.3 Object Aggregation
Thegroupsof objects connected byasetof triangles willbetransformation units (theprocedure
for creating this type of transformation unit is described in Section 6.2.2). The objects of these
units will beaggregated toform thenew objects.

Figure 7.6 Boundary of clustering objects
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The boundary of the new object must be detected. The boundary of the new object consists of
part ofedges ofobjects andouteredges oftriangles between theobjects inatransformation unit
inFigure7.5 and7.6.Connecting this setofthe edges andouteredges of triangles willform the
boundary of the new object as shown in Figure 7.6 (dark line of each group). Detecting this set
of the edges of the objects and the outer triangle edges between the objects and building the
boundaries isdescribed insection 6.4.3.Figure 7.7 showstheresult of the aggregation.

Figure7.7 Resultof aggregation
7.2.4 Analyzing Distance Threshold Valuebetween Objects
There will be different numbers of transformation units when changing the distance threshold
valuebetween the objects. Figure 7.8,Figure 7.9, Figure 7.10 and Figure 7.11express different
object aggregation caseswiththedistance threshold values of 1,3,8and 10mmrespectively.

Figure7.8 Resultof object aggregation withthethreshold valueof 1 mm
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Figure7.9 Result of object aggregation with thethreshold valueof 3mm

Figure7.10 Resultof object aggregation withthethreshold valueof 8mm
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Figure7.11 Result of object aggregation withthethreshold valueof 10mm
It can be seen from Table 7.1 (a) and (b), the number of transformation units decrease as the
distance threshold values increase. Changing a threshold value depends on the application
requirement and experience as well as requiring quite a lot of knowledge of the data and the
application field. From the algorithm point of view, selecting the average length of edges of the
triangles between two objects as the distance between two objects is reasonable and feasible
since it is easy to find a group of objects within a certain distance range and to build the
boundary of a new object (aggregated object). In the results the shape of each aggregation
object can reflect the main spatial distribution characteristics of the object clusters before
aggregation.
Table7.1 RelationsbetweenThreshold valuesand Transformation units

Threshold
Value (mm)

Num.Of
Trans.Unit

1

23

3

15

5

11

8

6

10

2

-Mim O
Trans.Ihit
-Threhold
\/a\ ue (mt)

(b)

(a)
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7.3

LandUseDatabase Generalization

Landuse database is a typical categorical database. Multiple representation of land use is very
important in land evaluation, planning, monitoring and management at different levels. There
are different requirements for land use in detail for different applications. This means that a
database may be suitable for one application purpose but not for another application. For a
landusedatabase,therequirements deriving anew database from thisdatabase maybe different
if it is applied to different purposes. For example, deriving a database from this database for
land management at one level and for land evaluation at the same level will be different. For
land evaluation, the classification hierarchy associated with a new database can be gained
through emphasizing some object types that will be evaluated and suppressing other object
types that are not involved in the evaluation from an original database. But for land
management at one level, the classification hierarchy associated with a new database may be
gained through reducing the number of levels of classification hierarchy associated with the
original database. Generalization of this type of database not only considers how to organize
thematic data and geometric data, but also how to analyze and process them in spatial and
semantic aspects.Theintegrated and extended FDSwith CDT (IEFDS)and semantic evaluation
model can facilitate such requirements, because FDS has the ability to organize spatial data
(including thematic and geometric), and CDT can be used for spatial analysis and semantic
evaluation model for evaluating the similaritybetween objects orobject types.
The dataset used for this example is part of a land use database from QiongHai city of Hainan
province inP.R.China (seeFigure7.12).

Figure 7.12 Asubset of landuse database
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The database was established based on aland use map at ascale of 1: 10000.Appendix I gives
the codes for land use classification of China. Appendix II gives a semantic similarity matrix
based on the involved land use classes and the model described in section 6.3. The land use
data have a classification hierarchy at three levels. At the highest level there are three classes
(agricultural land, construction land and unused land). At the second level these three classes
are divided into seven classes (Cultivated land, Forest, ...),and at the lowest level there are27
sub-classes (Irrigated paddy fields wood land,...).The database contains 395 area objects. The
2

2

minimum area of an object in the database is 76 m and the maximum area is 427946 m .
Table7.2 givesthebasicinformation of thedatabase.
Table7.2 Basic data of theland usedatabase involved
Sub-Class

cm
C112
C113
C114
C115
C121
C122
C123
C124
C125
C131
C132
C134
C135
C151
C153
C154
C156
C158
C211
C212
C213
C310
C380

No.ofobj.

Min.Area
8351
1169
1879
4351

•3

Area
2943744
78189
70413
884473
275525
656554
511031
150211
165501
1496486
572369
721826
9197

3
1
1
10
1
2
22
1
5
63
17

90175
1650
48217
106293
8031
140371
334702
1805
129498
1767778
332169

10914
1650
48217
1236
8031
2397

51
9
5
10
12
32
17
15
12
51
27
23
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594
1327

382
1682
1052

470
639
869
607

Max.Area
1121978
33941
46541
308591
74950
75123
90909
31657
76255
428739
116329
213893
6833
60971

1805
2012

1650
48217
32192
8031
137974
91453
1805
52919

76
464

427946
84461
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Thedata setof land usemaybeused toanswer thequestions listedbelow:
How todefine thenew classification hierarchy andaggregation hierarchy;
How to identify conflicted objects in thematic aspect after classification hierarchy
transformation;
Howtoidentify conflicted objects ingeometric andrelational aspects;
How toform thecorresponding transformation unitbased onconflicted types;
Howtoaggregatethemwithinatransformation unit.
Themainprocess consists of:
Simplifying the classification hierarchy associated with an original database based on the
application requirements;
Thematic transformation based onanew classification hierarchy;
Aggregating objects based on transformation units that are created by thematically
conflicted objects (seeSection 6.2.1) asdescribed in Section 6.4.1;
Detecting conflicted objects ingeometric aspects;
Creating transformation units based onthe conflicted objects and theprocedures described
in Section6.2.2,6.2.3,6.2.4;
Aggregating theobjects usingtheprocedure described inSection 6.4.2,6.4.3,6.4.4.
7.3.1

Thematic Transformation

As discussed in method 1 of section 3.4.1.1.1, the first step for categorical database
generalization is todefine thenewclassification andaggregation hierarchy. Figure7.13 shows
theclassification hierarchy associated withthelandusedatabase inFigure 7.12
Figure 7.14 illustrates the new classification hierarchy associated with a target land use
database. In this example, the new classification is achieved through reducing the number of
levels of the hierarchy. Based on the new reduced classification hierarchy defined in Figure
7.14, the attributes of the objects from an original land use database will be changed. This
thematic transformation may cause thematic conflict of adjacent objects. This means that two
adjacent objects belonging to different object types before transformation may belong to the
same object type after transformation. Therefore, this will result in the problem that there is a
boundary between the objects belonging to the same object type. This will violating the
thematic constraints of the object defined in Chapter 4. Figure 7.15 shows t the thematically
conflicted objects with adashline.
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Aggregating ObjectsBasedonThematic Transformation Unit

After establishing a new classification hierarchy, and implementing changed attributes of the
objects in a database, a transformation unit must be formed based on thematic conflicts
according to the procedure described in Section 6.2.1. The thematic conflict objects shown in
Figure 7.15 as seeds with their neighbor objects will form transformation units. The similarity
evaluation among objects within a transformation unit must be measured using the similarity
evaluation model defined in Section 6.3.2 before object aggregation. The problems of the
thematic conflict between spatial adjacent objects willbesolved.

Figure7.15 Exampleof conflicted objects withdashline
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Figure 7.16 gives the result of object aggregation based on semantic similarity among objects.
The thematically conflicted object will be aggregated with the object that has the same object
type atthe next higherlevel.

fr\

Figure 7.16 Result of object aggregation based onsemantic similarity
7.3.3

Detection of Small Geometric Objects

Anumber of small objects or objects with an area less than the area threshold will be detected
first (seeFigure 7.17) inordertobuild thetransformation units.

MW
\

*

•"

.3
^

\

••*•

fe

"*•

A*. .. * p

*'

-v.vp - .

•fljBp" 0 ""

». • •

** JL .<•

a

Figure7.17 Examples of small objects withblack boundary
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The objects violating the constraints are called conflicted objects. These conflicted objects will
beasseedstoform transformation units.
7.3.4

Building Transforming UnitsBased onConflicted Objects

After the thematic conflicts among the adjacent (connected) objects have been deleted, the key
points for the aggregation process of objects are to form transformation units based on the
conflicted objects and to find one or more objects which have higher thematic similarity with
the conflicted object in atransformation unit.The different types of transformation units can be
created based on the types of the conflicted objects. For a conflicted object with its area less
than the threshold area, it and its neighboring objects will form a transformation unit following
the procedure described in Section 6.2.2. TU2 in Figure 7.18 represents this type of
transformation unit, and only some of the conflicted objects of Figure 7.17 are presented. For
two unconnected objects, if the distance between the two objects is less than the distance
threshold value, then the two objects and their neighboring objects will form a transformation
unit following theprocedure described in Section 6.2.3.TU3 inFigure 7.18 represents thistype
of transformation unit. For a conflicted object with its area less than the threshold area, if the
distance between it and the object(s) from its second order neighborhood is less than the
distance threshold value, then it and the objects from its first order and second order
neighborhood will form a transformation unit following the procedure described in section
6.2.4. TU4 in Figure 7.18 represents this type of transformation unit. The semantic similarity
among the objects will be evaluated based on the model within a transformation unit as
described inSection 6.3.2.

TU3
TU2
TU4

Figure 7.18 Examples oftransformation units
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7.3.5

Object Aggregation

After building transformation units mentioned above and setting thedistance threshold between
objects at 100 m and area threshold at 100x100 m , the object(s) will be selected within a
transformation unit based on having the highest semantic similarity with the conflicted object
and aggregation rules in section 6.3.3 and be aggregated using the procedures described in
section 6.4.2, 6.4.3 and 6.4.4. Figure 7.19 shows the result of part of landuse database
generalization after generalization. Itisveryimportant thattheratioof areaof eachclass iskept
balanced at the super-class level before and after generalization. The characteristics of spatial
distribution of each class are also needed to keep the same before and after generalization.
Table7.3 andTable7.4present someresults aboutthegeneralized landuse database.

Figure7.19 Example ofasubset oflandusedatabase generalization
Table 7.3 lists the number of area objects and area of each class after generalization. Table 7.4
(a) and (b)givesthe data of area change of each class after generalization. The generalized land
usedatabase contains 239area objects.
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Table7.3 Numberof areaobjects and areafor eachclass after generalization

Class

Area ( m 2 )

Num.of.obj.

C110

43

4250559

C120

62

2927244

C130

46

1410811

C150

25

296711

C210

23

432709

C300

40

2178174

Table7.4 Dataof areachange for eachclass after generalization

(m 2 )

Class

OriginalArea

Removed-Area

Received-Area

Gen-Area

Change-rate(%)

C110

4252334

96845

95133

4250559

0

C120

2979783

142970

90402

2927244

-1.8

C130

1393567

63719

80952

1410811

1.2

C150

304562

20802

12947

296711

-2.6

C210

466005

49287

15983

432709

-7.1

C300

2099947

98123

176329

2178174

3.7

In Table 7.4, the removed area denotes the area of one class changed into other classes and the
received areadenotes theareaof oneclass gainedfrom otherclasses. Gen-area denotes thearea
of each class after generalization. The area of each class after generalization can be calculated
bythe following equation:
G=A+B-C
Where: G: areafor eachclass after generalization;
A:areafor eachclassbefore generalization;
B: received area;
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C: removed area.
Change rate of area for each class (%) is defined as the following equation:
R=(G-A)/A
As shown in Table 7.4, maximum change rate is - 7 . 1 % related to c210 since there are a lot of
small area objects with sparse distribution that belong to the class. Normally small objects
whose area is less than the area threshold will give their area to the objects of other classes after
generalization. The area of each class also changes, but slightly (see Figure 7.20).
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Figure 7.20 Area of each class before and after generalization
Object reduction index can be described as the following equation ( after Bregt & Bulers)
Reduced number of area objects after generalization

Object reduction index=•
number of area objects before generalization

According to calculation of the equation, the object reduction index is 0.39 for the whole set.
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Figure7.21showstheoriginal land usedatabase andFigure7.22showsthegeneralized land
usedatabase.Therectangle inFigure 7.21 andFigure7.22 (bluedashline)representsthe
displayrangeof Figure7.12.
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Figure7.21 Original land usedatabase
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Figure 7.22 Result of landuse database generalization
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7.4

Automated Organization ofHierarchical Catchments ofRiver Network

Automated extraction of catchments of a river system play a very important role in
generalization and catchment management as discussed in Section 6.6.The catchment area isa
very important factor for selecting streams in the generalization of a river system and also an
important management unit for hydrology. In this example, the hierarchical catchments of a
river system are established mainly through analyzing properties of triangulation networks of
different orders of river links of ariver system, and the procedure is demonstrated as described
in Section 6.6.3.Thedifferent types of triangles (see Section 5.3.2.2) andthe extracted skeleton
lines based on characteristics of the different types of triangles (see Section 5.3.2.3) play akey
role inbuilding hierarchical catchments.The experimental dataused here is simulated data (see
Figure7.22).Thepurpose of this exampleit to test thealgorithm described in Section 6.6.3 and
illustrate the process of constructing hierarchical catchments of a river system. In the
establishment ofhierarchical catchments,thefollowing questionshavetobeworkedout:
•

Howtoorganizethe dataof ariver system;

•

How tobuildhierarchical catchments through constrained triangulation of ariver system;

•

Howtoidentify thecatchments for eachriver segment.

Themain stepsfor automated establishment of hierarchical catchments areas follows:
•

Organize the river data and classify the river systems for this study based on Horton's
classification asdescribed in Section 6.6.land section 6.6.2;

•

Adjust Horton's classification results;

•

Triangulating ordered riversystems;

•

Constructing catchments of each order link respectively using the procedure described in
section6.6.3.

7.4.1 Ordering RiverNetwork
The river systems must be classified before constructing hierarchical catchments. For this
example, the river systems are classified based on Horton's classification system and the
number of the orders of the whole river system can be gotten through the classification. The
number of river orders will be equal to the number of catchments orders. This result of river
classification is adjusted based on the following rule in order to extract catchment areas
efficiently and effectively, that is: if the order of a link is not the next lower order of its
immediate adjacent link except the highest order link, then it will change its order into the next
lower order of its adjacent link. Figure 7.23 shows the adjusted result of a simulated river
system with4levels after Horton's classification.
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Figure7.23 Example ofordering river system with stream orders
7.4.2 Constructing Catchments for Each Order River
Triangulating the river system using rivers (links) as constrained edge is shown in Figure 7.24
(a). The area of catchment of the main river (highest order (blue line) will consist of the hull
which is constructed by constrained triangulation network of the river system. The area of the
catchments of other order links will be constructed by the following steps: extracting skeleton
line as shown by black lines in Figure 7.24 (b), (c) and (d) based on the constructed
triangulation networkasdescribed inChapter5;finding outtwoskeletonlineswhich start from
the same outlet of the given rive link; constructing the area of a given river link based on the
two skeleton lines following the procedure described in Section 6.6.3.Figure 7.24 (b), (c) and
(d)present theexamplesof catchments of order 3,2and 1 respectively.

(b)

(a)
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(c)

(d)

Figure7.24 Example of catchments of different ordersof riverlinks
7.4.3 Hierarchical Catchments
The following figures reflect the characteristics of hierarchical catchments. Figure 7. 25 (a)
shows the catchment area of river order 4. Figure 7.25 (b ) illustrates areas of catchments of
river order 4 and3. Figure 7.25 (c) gives areas of catchments of river order 4, 3 and 2. Figure
7.25 (d)expresses areasofcatchments of allfour orders.

\

\

1

\
}

\

/
N

jr

*"

0)

(a)

167

;

Chapter7 ApplicationofMethods

(C)

(<J>

Legend

Older4

Order3

Order2

Order1

Figure7.25 Example of hierarchical catchments
7.5 Discussion
Theapplication examplesin Section7.2,7.3 and 7.4 demonstrate the applicability and benefit of
the integration and enhancement of FDS and CDT and similarity evaluation model. These
supporting models play a key role in organizing thematic and geometric data, spatial analysis
and spatial query in database generalization. They also illustrate the advantage and the power
of IEFDS as a supporting data structure in spatial analysis, and it has been proved that by
having the support of an adequatedata model, alot of critical geometric and thematic problems
indatabase generalization canbe solved,orcanbesolved in amore efficient way.
In categorical database generalization with acertain application purpose, to acertain extent, the
similarity evaluation model decides how to select objects tobe aggregated after defining a new
geo-spatial model associated with a target database.This will guarantee the thematic qualityof
thetarget database.
The change rate value shown in Table 7.4 reflects that the method developed in this study for
small sparsely distributed objects is not balanced since the area of the class which the objects
belong to loses more than is received from the other classes. That the threshold values for all
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classes are the same may not meet the requirements of different applications in which different
threshold values for different classes may be needed. For this study, the similitude stream
network data isusedfor thetest, andfor thereal stream network data willbedoneinthe future.
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Chapter 8
Conclusions andFutureWork
8.1 Introduction
This chapter summarizes the research carried out during the study. The major outcome of the
research is briefly outlined in the summary. The chapter draws together the conclusions and
recommends future work onthe research.
8.2 Summary
Categorical databases as models of (some portion of) a real world have the properties to
express the real world at different levels in detail and are used widely in spatial analysis,
evaluation, planning, and management. This research concentrates on categorical database
generalization. Several important aspects of categorical database generalization have been
studied anddiscussed intheabove sevenchapters.Theyinclude:
•

The mainproblemsincategorical database generalization;

•

Aspectsof categoricaldatabasetransformation including geo-spatial model
transformations, object transformations and relationship transformations;

•

Transformation Constraints which guide and control the process of categorical database
generalization;

•

Thedatamodel which supports thecategorical database generalization;

•

Transformation units which limit the region and number of spatial objects in a categorical
database transformation;

•

Asemantic similarity model which isused toevaluatethe similarity among object typesin
a categorical database and support selection of the most reasonable objects to be
aggregated;

•

The algorithms for handling thematic and geometric problems in categorical database
generalization; and

•

The implementation of thealgorithms.

Categorical database generalization manipulates mainly geo-spatial models associated with a
database, the geometric and thematic descriptions of spatial objects and their relationships
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under the control of a new set of constraints which are related to a certain application. The
result of transformation is a new database at a less detailed level than the existing one.
Categorical database generalization as a transformation process of the contents of a database
can derive a new categorical database from a higher resolution database to a lower resolution
one. Three kinds of transformation are defined in Chapter 3. It includes geo-spatial model
transformation, object transformation andrelation transformation.
In the context of a categorical database, geo-spatial model transformation mainly deals with
classification hierarchy and aggregation hierarchy associated with a database. Classification
hierarchy and aggregation hierarchy are directly related to the content of the database. Geospatial model transformation includes a geo-spatial transformation based on classification
hierarchy and a geo-spatial transformation based on aggregation hierarchy. The geo-spatial
model transformation based on classification hierarchy can occur in many ways such as
changing the attribute structure, changing the domain of attribute, changing the cardinality of
the object type and changing the sum of the object type. The geo-spatial model transformation
based on aggregation hierarchy can occur through specifying rules which are involved in
thematic, geometric and topologic aspects such as specifying part of the relation between a
composite object type and component object types and establishing the attribute structure of a
composite object type. Geo-spatial model transformation mainly determines the theme of a
database and what object types and which instances of the object types should be contained in
the generalized database. It is application-dependant and determines the framework of contents
of a database. Object transformation can be done through instancing new object types,
aggregating objects and assigning attributes. Object transformation mainly analyzes and handles
geometric and thematic properties of an object. Relation transformation mainly maintains and
handles spatial relations among the objects such as deleting proximity relations, deleting
inclusion relations,deleting connectivityrelations andchanging visual connectivityrelation into
connectivity relation etc.
Changing the geo-spatial model associated with adatabase will result in changing the structure
and the content of the database. Object transformation is caused by geo-spatial model
transformation. The changes in the geo-spatial model associated with a database will cause
changes in object types, geometric characteristics and attribute values of objects, and result in
changing the original spatial relations among objects in the database. Object transformation
from a source database to a target database will also result in spatial relation transformation.
Changes in the geo-spatial model can be automatically propagated to objects and spatial
relations. In contrast to changing the geo-spatial model, object transformation does, in general,
not lead to a change in the geo-spatial model. Before implementing object transformation and
relation transformation, the geo-spatial model of the new database must be defined and
transformed. Object transformation and relation transformation are implemented based on the
defined geo-spatial model.
Not all transformations defined in Chapter 3have been tested, some work will be done in the
future.
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It is important to note that categorical database generalization transformation is based on
conditions that are called transformation constraints in this study. Categorical database
transformations need constraints to control andguidetheprocess of transformation. Threetypes
of constraints have been proposed in database generalization. They are geo-spatial model
constraints, object constraints and relation constraints. Geo-spatial model constraints, which
define the new classification hierarchy and aggregation hierarchy with a target categorical
database, can be divided into classification hierarchy constraints and aggregation hierarchy
constraints. Object constraints include thematic constraints and geometric constraints. Relation
constraints contain topological constraints, direction relation constraints, distance relation
constraints and semantic relation constraints. Constraints can be specified interactively by users
and varied to reflect different objectives or purposes. The constraints play an important role in
categorical database transformation. They provide steering parameters for how many object
types and objects should appear in a database. They are also used as parameters to detect and
identify areas and objects that violate the conditions. These conflicted objects are used as the
seeds to create transformation units in object transformation. In this research, focus on trigger
constraints,outcome constraints requires afurther study.
The transformation unit proposed in Chapter 4 in this study is an important process unit as
manygeneralization problems need tobesolved byconsidering spatial cluster related to objects
as awhole,rather than treating them individually.Transformation units can be created based on
constraints. Four types of transformation unit are identified in this study. They are
transformation units based on thematic constraints, transformation units based on geometric
constraints, transformation units based on spatial relation constraints and transformation units
based on geometric and spatial relation constraints. Transformation units limit the region to be
processed and limit the number of objects. They can trigger aggregation operations and control
the process of transformation. They allow usto group objects according to their characteristics,
andpotential behaviors,in acategorical database generalization.
In the transformation operations, the basic operations related to categorical database
transformation canbe categorized into two types. One is operations onthe geo-spatial model or
object type associated with a database which will lead to changes at the abstraction levels; the
other istheoperations on objects inthedatabase.
Database transformation is a complicated process of spatial analysis, decision-making and
implementation on spatial objects. Data structure (or model) is essential for defining and
operating generalization operators or procedures. Data structure in the database generalization
can strongly support data organization, spatial analysis and decision-making in the process of
transformation. So FDS is introduced particularly for this purpose. This data model combines
aspects of object-oriented and topological data models. Its geometric representation contains
information about topological object relationships, whereas itsthematic description is structured
on object types that may form generalization hierarchies. Such classification hierarchies in
combination with the topological object relationships of FDS support the definitions of
aggregation hierarchies of objects. By introducing the Delaunay triangulation network, we
could formulate (and utilize) an extended set of adjacency relationships and inclusion relations
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which are important for decision-making, and the implementation of generalization operations.
In order to enhance the analysis function of the data model in database generalization, FDS has
been integrated and extended in the sense of adjacency and inclusion relationships, which are
particularly important in automated database generalization. This integrated and extended FDS
is called IEFDS. In this model, triangles are divided into four types: triangles with no
constrained edge at its three edges, triangles with only one constrained edge in its three edges,
triangles with two constrained edges at its three edges and triangles with three constrained
edges at its three edges. Each type of triangle can be further subdivided according to the
constituents of different point, line and areaobjects in atriangle.Theyplay an important rolein
organizing spatial data, detecting spatial conflicts (objects), identifying neighbors, forming
transformation units, aggregating operations and implementing database generalization
transformation such as extraction of skeleton lines. IEFDS in combination with classification
hierarchy and aggregation hierarchy play animportant role inlinking thedefinition of objects at
several levels,as well asspatial analysis andoperations indatabase generalization. The process
of the integration between FDS and CDT is discussed in Chapter 5. The concept of nearness
degree among objects is proposed in Chapter 6.Some examples of spatial query operations that
make use of IEFDS arepresented but the aspect of consistency in the model was not discussed
inthethesis.
•
After having the data model to support the description of spatial objects, and the topological
relationships among them, we still need an algorithm to actually perform the analysis and
transformation. So, Chapter 6describes anumber of algorithms which have been developed to
handle the important thematic and geometric problems in database generalization. Such
problemsas:
•

Creation oftransformation unitbased ondifferent kinds of constraints;

•

Aggregation operations based ondifferent typesof transformation units;

•

Similarity evaluation model;

•

Skeletonline;

•

Object cluster;

•

Multi-neighborhood;

•

Creating hierarchical catchments of river network

Algorithms are based on IEFDS. These algorithms provide us with an efficient and useful
means to transform the categorical database from higher resolution to lower resolution.
Algorithms described inChapter6weretested inChapter6and Chapter7.
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Whether two objects can be aggregated or merged not only depends on spatial relations and
geometric properties between them, but also on the semantic similarity between them. The
degree of similarity of objects can be described by a similarity index and the degree of
similarity of object types can be described by the similarity. The similarity among object types
is application-dependent and can be represented by a semantic similarity matrix. The values of
elements inthe matrix reflect thedegreeof similarity.The larger thevalue,themore similartwo
object types are. The value can be given by expert knowledge or the calculation based on the
aggregation hierarchy, classification hierarchy, requirements and purposes of database
generalization. Acomputing model for similarity based on Set-theory, classification hierarchy
and aggregation hierarchy isproposed inthis study. Similarity between object typesplays akey
roleinselectingobjects tobeaggregated intheaggregationprocess.
Having designed the integrated and extended formal data structure and Delanuy triangulation
network, transformation unit and semantic evaluation model, the demonstration of some
application has been implemented. The data used in the examples are from both a real data set
and simulated data.Theexamples oftheapplication include:
•

Object clustering;

•

Land usegeneralization; and

•

Automated organization ofhierarchical catchments of river system.

The results proved thatthe designed methods and algorithms arereasonable and feasible in the
categorical database transformation.
8.3 Conclusions
On the basis of various issues addressed in this research, the following conclusions can be
drawn:
•

Database generalization as a transformation can be done through geo-spatial model
transformation, object transformation and relation transformation. Geo-spatial model
transformation determines the theme of a database and what object types should be
contained in the database. In a sense, it determines the content of a database. Object
transformation and relation transformation are essential components of database
transformation.

•

The process of deriving a new database is a transformation from one existing state of a
database at a certain detailed level to a new state at a less detailed level according to the
application and user's requirements. The state of the database can be specified by a four
tuple. The tuple consists of geo-spatial models, a set of objects, a set of relations and a set
ofconstraints.
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An adequate supporting geo-spatialmodel can provide adescription of object types andthe
relationships among them. IEFDS, an integrated and extended version of FDS as a
supporting data modelplays averyimportant role inorganizing spatial data, spatial relation
analyzing and querying spatial relations, detecting spatial conflicts (objects), identifying
neighbors, creating transformation units, aggregating operations and implementing
database generalization transformation.
Theoperations incategorical database transformation aredivided intotwotypes. Oneison
theobject typesinthedatabase;theother isonthe objects inthedatabase.
•

The transformation unit as a basic analysis, processing and decision-making unit plays an
important role in database transformation. Itlimits theregion of the objects and the number
of objects to be processed. Each of four types of transformation unit can not only cluster
related objects but alsotriggerdifferent aggregation operations.

•

Three types of constraints havebeen used inthis study:
•

Constraints ongeo-spatial model;

•

Constraints onobjects;and

•

Constraints onrelations.

•

The classification of constraints fully reflects the characteristics of categorical database
transformation. Constraints control and guide the creation of the transformation unit and
transformation process.

•

Before objects are aggregated, semantic similarity among objects must be evaluated in
categorical database generalization. The similarity matrix and similarity evaluation model
which hasbeen proposed canbe applied toreach the requirements.

•

Theresults of testsproved that IEFDS asasupporting datamodel iseffective and efficient,
and thedesigned methods and algorithms arereasonable and feasible.

8.4 FutureWork
This research does not address deeply all aspects related to categorical database generalization
and all issues of database generalization. There arestill someissues that need tobe investigated,
and someoftheaspects dealt withinthisresearch still need further study and development. The
main areasfor future work directlyrelevant totheresearch areas follows:
•

Further investigation oncompleteness of types of transformation unit related to database
generalization.
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•

Improving the semantic evaluation model for more expert knowledge use. The similarity
computing model can provide the similarity value through computing distance between
object types within a sub-tree. But there is still a lack of the similarity computing model
between object types which belongtodifferent sub-tree respectively.
Implementing multi-resolution transformation sincetherequirements onthematic and
geometric resolution of thedifferent object types associated with adatabase are different
for particular applications.

•

Improving thealgorithm for automated organization ofhierarchical catchments ofariver
system.Thedesigned algorithm onlytakes geometric factors into accountin constructing
thecatchment area.Thealgorithm shouldbepowerful if somethematic factors such as
slope and aspects areadded into thealgorithm.
Investigating further trigger and outcomeconstraints, which playakeyrole intriggering
and stopping transformation operations.

•

Investigating themechanism of controlling parameters (constraints) whichcontrol thefinal
resultsof database transformation.
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Landuseclassification (code)
1. Agricultural Land (100)
11

12

Cultivated land
111

Irrigated paddy fields

112

Rain fed paddy fields

113

Irrigated land

114

Dry land

115

Vegetable plots

Garden Land
121

13

14

Mulberry fields

123

Tea fields

124

Rubber plantation

125

Other

Forest
131

Wood land

132

Shrubbery land

133

Sparsely forest wood land

134

Young forestation land

135

Slashes

136

Seeding nurseries

Pasture land
141

15

Orchards

122

Natural grass land

142

Improved grassland

143

Man-made grass land

Water area
151

Rivers

152

Lakes

153

Reservoir

154

Pond

155

Reed land
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156
157
158
159

Beaches andflats
Irrigation canals and ditches
Hydraulic building
Glaciers andfirus

2. Construction Land (200)
26

27

Residential quarters andindustrial andminingland
261
Areaofcities andtowns
262
Residential quartersinrural areas
263
Isolated industrial and miningland
264
Saltpans
265
Special-used land
Land usefor transportation
271
Railways
272
Roads
273
Rural roads
274
Civil airports
275
Harbors and wharfs

3 Unusedlands (300)
381
382
383
384
385
386
387
388

Wastelands
Salinealkali land
Wetland
Sandyland
Bareland
Rockand shingle
Ridges
Others
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s

111 112 113 114 115 121 122 123 124 125 131 132 134 135 151 153 154 156 158 211 212 213 110 120 130 150 210 310 380 100 200 300

111 1

0.7 0.7 0.7 0.7 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.2 0.2 0.2 1

0.4 0.1 0.4 0.2 0.1 0.1

0.2 0.1

0.7 0.7 0.7 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.2 0.2 0.2 1

0.4 0.1 0.4 0.2 0.1 0.1

0.2 0.1

0.4 0.4 0.4 0.2 0.1 0.1

0.2 0.1

112 0.7 1

113 0.7 0.7 1

0.7 0.7 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.2 0.2 0.2 1

114 0.7 0.7 0.7 1

0.7 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.2 0.2 0.2 1

115 0.7 0.7 0.7 0.7 1

0.3

121 0.3 0.3 0.3 0.3 0.3 1

0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.2 0.2 0.2 1

0.2 0.1

0.1 0.4 0.2 0.1 0.1

0.2 0.1

0.1 0.4 0.2 0.1 0.1

0.2 0.1

02

0.2 0.1

0.7 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.2 0.2 0.2 0.4 1
0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.2 0.2 0.2 0.4 1

0.2 0.1

0.3 0.3 0.3 0.3 0.3 0.2 0.2 0.2 0.1 0.1 1

0.1 0.2 0.1 0.1

0.2 0.1

0.7 0.7 0.7 0.7 0.2 0.2 0.2 0.1 0.4 0.1 I

0.2 0.1 0.1

0.7 0.7 0.2 0.2 0.2 0.4 0.4 0.1 l

0.2 0.1 0.1

0.2 0.1

0.7 0.7 0.2 0.2 0.2 0.4 0.4 0.4 1

0.2 0.1 0.1

0.2 0.1

0.7 0.2 0.2 0.2 0.4 0.4 0.4 1

0.2 0.1 0.1

0.2 0.1

0.2 0.2 0.2 0.1 0.4 0.4 1

0.2 0.1 0.1

0.7

158 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.7 0.7 0.7 0.7 1

211 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 1

0.7 0.7 0.2 0.2 0.2 0.2 1

212 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.7 1

0.7 0.2 0.2 0.2 0.2 1

213 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.7 0.7 1

0.2 0.2 0.2 0.2 1

0.1 0.4 0.4 0.4 0.1 0.4 0.1 0.4 0.-1 0.1 0.1 0.1 0.4 0.4 0.2 0.2 0.2 1

1

1

150 0.4 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.4 0.4 0.1 0.1 0.1 l

1

1

1

1

1

0.3 1

0.2

0.1 0.1

0.3 1

0.2

0.1 0.1

0.3 1

0.2

0.5 0.5 0.2 0.2 0.2 1

0.4 0.1

0.5 0.2 0.2 0.2 1

0.4 0.1

0.2 0.2 0.2 0.5 0.5 0.5 1

1

0.2

0.2 0.2 0.2 0.2 1

0.2 0.2 1

1

1

1

I

1

1

1

1

1

1

l

l

1

1

1

1

1

0.3 0.3 0.3 1

1

1

1

I

1

0.4 0.3

0.2 0.2 0.4 1

300 0.1 0.1 0.1 0. 1 0. 1 0.I 0.1 0.1 0.1 0.1 0.1 0.1 0.I 0.1 0.1 0.1 0.1 0.1 0.1 0.2 0.2 0.2 0.1 0. I 0.I 0.I 0.2 1
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0.2 0.2 1

0.3 0.2 0.2 1

0.4 0.1 0.4 0.1 1

0.2

0.5 0.2 0.2 1

380 0.1 0.1 0.1 0.1 0.1 0. I 0.1 0.1 0.1 0.1 0.1 0.1 0. I 0.I 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.2 0.2 0.2 0.2 0.2 0.5 1

1

0.4 0.1

0.2 0.2 0.3 1

310 0.1 0.1 0.1 0.1 0.I 0. I 0.1 0.1 0.1 0.I 0.1 0.1 0.I 0.I 0.I 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.2 0.2 0.2 0.2 0.2 1

200 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 1

0.2 0.1

0.1 0.1

0.4 0.1

0.1 0.1 0.4 0.4 0.1 0.2 0.2 0.2 0.5 0.5 l

210 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 1

0.2 0.1

0.5 0.5 0.5 0.2 0.2 0.2 1

0.4 0.1 0.1 0.'1 0.4 0.1 0.1 0.4 0.1 0.2 0.2 0.2 0.5 l

l

0.2 0.1

0.2 0.1

156 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.7 0.7 0.7 1

l

0.4 0.2 0.1 0.1
0.4 0.2 0.1 0.1

153 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.7 1

1

01

0.1 0.2 0.1 0.1

154 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.7 0.7 1

1

01

0.3 0.3 0.3 0.3 0.3 0.2 0.2 0.2 0.4 0.1 1

0.7

151 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 1

1

04

0.7 0.7 0.3 0.3 0.3 0.3 0.3 0.2 0.2 0.2 0.4 0.4 1

135 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.7 0.7 0.7 1

130 0.1 0.4 0.1 0.1 0.1 0.1 0.1 0.1 0.4 0.4 1

01

0.7 0.7 0.7 0.3 0.3 0.3 0.3 0.3 0.2 0.2 0.2 0.4 0.4 1

132 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.7 1

100 1

0.2 0.1

0.7 0.7 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.2 0.2 0.2 0.4 1

134 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.7 0.7 1

120 0.1 0.1 0.1 0.1 0.1 l

0.4 0.4 0.4 0.2 0.1 0.1

0.2 0.1

131 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 1

1

0.2 0.1

01

0.1 0.4 0.2 0.1 0.1

125 0.3 0.3 0.3 0.3 0.3 0.7 0.7 0.7 0.7 1

1

0 9 01

0.7 0.7 0.7 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.2 0.2 0.2 0.4 1

124 0.3 0.3 0.3 0.3 0.3 0.7 0.7 0.7 1

1

04

0.4 0.4 0.2 0.1 0.1

123 0.3 0.3 0.3 0.3 0.3 0.7 0.7 1

1

04

0.7 0.7 0.7 0.7 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.2 0.2 0.2 0.1 1

122 0.3 0.3 0.3 0.3 0.3 0.7 l

110 1

04

1

0.3

0.3 0.3 1

AppendixII:Similarity Table

198

AppendixIII: ClassDefinition

Appendix III
Class Definition
typedef struct tagEDGETYPE
{ long fromP;
long toP;
long fromObj;
long toObj;
long leftTri;
long rightTri;
}EDGETYPE;
typedef CArray<EDGETYPE,EDGETYPE> EDGETYPEARRAY;
typedef struct tagOBJECTTYPE
{ POINT *pt;
long ptNum;
POINT *pb;
long pbNum;
long *Skeleton;
long SkeletonNum;
POINT *Pd;
POINT PO;
double deltX,deltY;
short Degree;
}OBJECTTYPE;
typedef CArray<OBJECTTYPE,OBJECTTYPE> OBJECTTYPEARRAY;
typedef struct tagNODETYPE
{ POINT P;
long SkeletonNum;
long Skeleton[3];
}NODETYPE;
typedef CArray<NODETYPE,NODETYPE> NODETYPEARRAY;

//=========== Next definition isfor landuse Generalizstion
typedef struct tag_LANDUSE_ARCTYPE
{ POINT *pt;
intptNum;
int leftpoly;
int rightpoly;
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int leftloop;
intrightloop;
int leftcategory;
int rightcategory;
intcode;
short valid;
}_LANDUSE_ARCTYPE;
typedef CArray<_LANDUSE_ARCTYPE,_LANDUSE_ARCTYPE>
_LANDUSE_ARCTYPEARRAY;
typedef structtag_LANDUSE_POLYTYPE
{ int *stringNum;
int loops;
int **string;
double area;
int category;
int toparcel;
) _LANDUSE_POLYTYPE;
typedef CArray<_LANDUSE_POLYTYPE,_LANDUSE_POLYTYPE>
_LANDUSE_POLYTYPEARRAY;
typedef structtag_LANDUSE_PARCELTYPE
{ int category;
int arcstringNum;
int *arcstring;
int polystringNum;
int *polystring;
double area;
) _LANDUSE_PARCELTYPE;
typedef CArray<_LANDUSE_PARCELTYPE,_LANDUSE_PARCELTYPE>
_LANDUSE_PARCELTYPEARRAY;
typedef structtag_LANDUSE_PATCHTYPE
{ int category;
int ptNum;
POINT *pt;
int linkpNum;
POINT *linkpO;
POINT *Iinkpl;
int *parcelstring;
int parcelstringNum;
}_LANDUSE_PATCHTYPE;
typedefCArray<_LANDUSE_PATCHTYPE,_LANDUSE_PATCHTYPE>
LANDUSE PATCHTYPEARRAY;
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=END

class CTest_Liu :public CGeoGeneralize

// Construction
public:
CTest_Liu(CGeoEdit* pEdit);
// Attributes
public:
CGeoMap* m_pGeoMap;
CGeoEdit* m_pEdit;
CAutoMapView* m_pView;
double m_arrowlength;
intm_SuperClass[100];
COLORREF m_LanduseColor[100];
LONGARRAYm_Group;
LONGARRAY*m_AHSupers;
_LANDUSE_ARCTYPEARRAY m_AHArcs;
_LANDUSE_POLYTYPEARRAYm_AllPolys;
_LANDUSE_PARCELTYPEARRAYm_AllParcels;
_LANDUSE_PATCHTYPEARRAYm_AllPatches;
// Operations
public:
void DetectNeighborObjects(); //Grouping neighborpolygons,for Liu
void LandUseAnalysis(); //for Liu,LanduseParcelneighbor analysis
bool _Landuse_InitData();
void _Landuse_DrawParcelClass();
void _Landuse_DefmeColor();
void _Landuse_LoadSupewClass();
void _Landuse_CombineToSuperclass();
void _Landuse_ChangeSmallParcelCategory(LONGARRAY &smallparcel) ;
void _Landuse_MakeParcel();
void _Landuse_MakeGroupParcel();
void _Landuse_CreateTIN(intn,LONGARRAY &smallparcel);
void _Landuse_FreeVariables();
void _Landuse_GetLoopCoord(int PolyNo,intLoopNo,int &ptNum, POINT **pt);
void _Landuse_GetPolyCoord(int PolyNo,int &Num, int **ptNum, POINT **pt);
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void _Landuse_DrawPolys();
void _Landuse_DrawOnePoly(intPolyNo,int width,COLORREF pencolor,COLORREF
brcolor);
void _Landuse_DrawArcs(int valid);
void _Landuse_DrawInvalidArcs();
void _Landuse_DrawOneArc(intArcNo,int width,COLORREFpencolor);
void _Landuse_DrawParcels();
void _Landuse_DrawOneParcel(intParcelNo,int width,COLORREF pencolor,COLORREF
brcolor,int aec,intpoly);
void _Landuse_DrawOneGroup(int Nogroup,int arc,intgroup);
void _Landuse_DrawOnePatch(intnpatch);
void BuildingClusterAnalysis(); // VORONOI diagram construction and Generalization
void DistanceRelationAnalysis(); //Iso-Distance_relation Demo,
void ContourStructure(); //Perform Tang's algorithm
bool ConstructTIN(int objnum, int *ptNum, POINT **pt,intInterval);
int FindEntryTri(int *Ntri);
void ReleaseVariables(NODETYPEARRAY &AllNode,SKELETONTYPEARRAY
&AllSkeleton, OBJECTTYPEARRAY &AHObjects, INTARRAY &ConflictSkeleton,
INTARRAY &ConflictObject, intNogroup,LONGARRAY *group);
bool GenerateGrowthPolygon(SKELETONTYPEARRAY &AllSkeleton, intobjnum, int
*ptNum, POINT**pt, OBJECTTYPEARRAY &A110bjects);
void SortSkeletonOnWidth(SKELETONTYPEARRAY &AllSkeleton);
void GetNodeRelate(SKELETONTYPEARRAY &AllSkeleton, NODETYPEARRAY
&AllNode);
void GetSkeletonDirection(SKELETONTYPEARRAY &AllSkeleton, NODETYPEARRAY
&AllNode);
void GetNeighborObjects(SKELETONTYPEARRAY &AllSkeleton,
OBJECTTYPEARRAY &A110bjects, int no,INTARRAY &NeighborObjects);
void GetNeighborDegree( SKELETONTYPEARRAY &AllSkeleton, OBJECTTYPEARRAY
&AUObjects, intcenterno,inth);
voidGenerateObjectMoveDirection(SKELETONTYPEARRAY
&AllSkeleton,OBJECTTYPEARRAY &A110bjects); POINT
GetIntegrateMovementDirection(OBJECTTYPEoO,short *IsConflict);
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int DrawSkeletonGrowthPolygon(SKELETONTYPEARRAY
&AllSkeleton,OBJECTTYPEARRAY&A110bjects);
void GetConflict(double distance,SKELETONTYPEARRAY &AllSkeleton, INTARRAY
&ConflictSkeleton, INTARRAY &ConflictObject);
void SelectConflictSkeleton(SKELETONTYPEARRAY
&AllSkeleton,OBJECTTYPEARRAY&AHObjects,
INTARRAY &ConflictSkeleton, INTARRAY &ConflictObject);
void ClassifyConflictObject(SKELETONTYPEARRAY
&AllSkeleton,OBJECTTYPEARRAY &AHObjects,INTARRAY &ConflictSkeleton,
INTARRAY &ConflictObject, int&uj,LONGARRAY **group);
voidDrawConflictSkeletonObject(SKELETONTYPEARRAY
&AllSkeleton,OBJECTTYPEARRAY&A110bjects, INTARRAY &ConflictSkeleton,
INTARRAY &ConflictObject);
voidDrawObjectMoveDirection(SKELETONTYPEARRAY
&AllSkeleton,OBJECTTYPEARRAY &A110bjects, INTARRAY &ConflictSkeleton,
INTARRAY &ConflictObject,int eachdirection,int wholedirection);
voidDisplaceConflictObjects(SKELETONTYPEARRAY
&AllSkeleton,OBJECTTYPEARRAY &A110bjects, INTARRAY &ConflictSkeleton,
INTARRAY &ConflictObject);
void DrawDistributionDensity(OBJECTTYPEARRAY &AHObjects);
voidDrawDistanceRelation(SKELETONTYPEARRAY &AllSkeleton,
OBJECTTYPEARRAY &A110bjects, intBackObject, intcenterno);
void DrawPolygonVoronoi(SKELETONTYPEARRAY &AllSkeleton,
OBJECTTYPEARRAY &AHObjects,intBackObject, intcentemo);
boolCombineObjects( intNogroup,LONGARRAY *group,int dJoinDist, int dRasterWidth,
OBJECTTYPEARRAY &AUObjects,int&newobjnum, int **ppNum,POINT***pp);
void ConnectGroupObjects(SKELETONTYPEARRAY &AllSkeleton, OBJECTTYPEARRAY
&A110bjects,INTARRAY &ConflictSkeleton);
void DrawPoint(POINTretpt,COLORREFpencolor, intwidth);
void DrawPolyline(POINT*retpt, intretptNum, COLORREFpencolor, intwidth);
void DrawPolygon(POINT*retpt, intretptNum,COLORREFpencolor,COLORREF brcolor,int
width);
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void DrawPolygons(POINT **pi,int *piNum,int Nums,int *which, COLORREF
pencolor,COLORREFbrcolor, intwidth);
void DrawPolyPolygon(POINT*retpt, int *retptNum, intcount,
COLORREFpencolor,COLORREF brcolor, intwidth);
void DrawRefreshStudyArea();
int TwoLineIntersect(POINT*pt,intptNum,POINT *pi,intpiNum, POINT &IntersectP);
void ConnectLines(double MatchDis,POINT**pp,int*ppNum,int objnum,
POINT**retpt,int** retptNum,int& retNum);
doubleAngleBetweenP01_P02(POINTPl,POINTP0,POINTP2);
public:
virtual ~CTest_Liu();

protected:
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