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'Souheil KhaddajtAbdul Adamu andMunir Morad
Faculty of Computing, Information Systems and Mathtics
?School of Earth Sciences and Geography, Kingstdmedsity

Kingston upon Thames, Surrey KT1 2EE, UK

Abstract: The development of temporal GIS systems capabl@eafiing with the evolution of
geographical objects istill a challenging task. Although many successBli systems have been
implemented, comparatively litle has been donehow to determine and analyze the patterns of
continuous changes of geographical objects. Theaddithis paper is to construct a GIS system using
an object-oriented model, which is able to track #volution of geographical objects over time
continuously. In addition, the system can allow évents and processes related to each object to be
determined and analyzed.
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INTRODUCTION database allows the versions of a geographicatbtie
be related, thereby creating temporal relationships
The current GIS approaches for representingoetween them. The implemented GIS system provides
changes of geographical phenomena do not provile than optimum query mechanism by enabling continuous
ability to examine the complexities within these forward and backward tracking movements. For
changes, for different themes (e.g. social actisjti example, the previous version and next version of a
infrastructure facilities, transportation, popuatietc).  geographical object can be retrieved from the airre
This limitation has become a major problem because version.
change in one theme may have an adverse effect on In this work, we start by considering the
others, thereby impeding the work of urban plannersdevelopment of a model to determine the continuous
for instance, who need to monitor not only changgs  links between different versions of geographicgeots
the interdependencies between these. This situéion and the attribute changes such as temporal, spatéhl
exacerbated by the fact that no adequate data sodg¢hematic. Then, temporal relationships between the
are available which could efficiently representadled  versions, events and the processes are presented. A
changes, showing the pattern of relationships antleeg object oriented tool, the Unified Modelling Langeag
themes, the cause of changes and the result of tHEJML) is then used to describe the design of the
changes over tinfé. conceptual model, followed by an evaluation of the
The aim of this research is to develop an integrat implementation used to achieve the design objextive
temporal GIS system using an object-oriented modeFinally, we present some conclusions and suggestion
(OOM) combined with an object-oriented programmingfor future work.
environment (OOPE) and an object-oriented oriented
database system (OODBS). The system is able tk trac OBJECT ORIENTATION AND GIS
continuously the evolution of geographical objects
using contemporaneously the temporal relationship€urrent modelling of spatio-temporal changes cowers
between the versions of the geographical objects. Iwide spectrum of applications, such as socio-ecaniom
addition, the system is able to allow the eventd ananalysis, environmental impact assessment,
processes related to each object to be determinéd aepidemiological projections and transportation
analysed. The OOM used in the implementation is glanning. Different types of data models, based on
conceptual model that represents the semantidiote a raster and vector approacheshave been used to
the continuity and pattern of changes of therepresent changes of geographical phenomena.
geographical objects to be determined based on the Relational models have been found to be well
temporal relationships between the versions, eveemds suited for applications where the relationships agno
the processes over a time pefibd the geographical objects are fairly fixed and well-
The OODBS wused is Objectivity databaseknown. By contrast, object-oriented models can
(Objectivity 2000) implemented using visual C++ outperform relational models at handling complex
environment. The versioning mechanism of therelationships among the geographical objects and in
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dealing with temporal issuég and optimum query with other objects, identifies the pattern of chesg
mechanisms can also be produced by using objecwithin the objects or predicting the effects of the
oriented approachés The need to adopt object change¥.
oriented approaches have been prompted by the fact Thus, the proposed model is based on object
that there are problems with relational models inoriented techniques and it will be referred to djeCt
dynamic environment where changes are fast and th@riented model (OOM) for GIS. The model supports
databases cannot be redesigned to rapidly delhesr t both object and attributes versioning. Accordinghe
necessary informatiétf. An object oriented database model, changes of geographical phenomena are handle
could model the changes and is based on a mix dfy version management. A version of the object
geographical objects and their relationships. Forconsists of composite classes as in Fig. 1. The
example, if a road is represented as an objecerathaggregated composite classes include thematic,class
than as an entry in a database table, associatiths spatial class and temporal class. The associated
other objects (e.g. street, building etc) linkedht® road composite classes include events class and pracesse
can automatically "inherit" any changes made to thelass. The spatial class deals with queries aboait t
road, thereby making it easier to track ISter location of the object (e.g. where is the best mosen
Thus, recent research proposals have used tempotais city?). The thematic class deals with queaibsut
GIS and object oriented techniques to explicitlfie  the features of an object (e.g. what is the highest
the relationship between the events (or processas) building? or what is the speed limit of this roadP)e
the objects with time. These proposals includettiael  temporal class deals with queries about the time
model and the event-oriented model, where objecattributes of the object (e.g. when was the fisfital
oriented techniques have been used to identify theuilt in this locality?). Furthermore, an eventsdaleals
pattern of changes (events) within the obfé&tsin  with the cause of the changes of the geographljato
order to effectively track versions of the origimddject  (e.g. why did they reduce the speed limit of tlniad?).
version manageméent® and identity-based methdds  And a process class deals with effect of the chauade
can be used. the object (e.g. how much of this rain will cause a
The triad modé®? is an integrated model and flood?).
consists of three independent and interrelated dwma
(i.e. location, feature and time); while in evenieated
model§>"% changes are time-stamped as a sequence ﬂ Geographical Object Class |]<—l
events through time and stored in increasing dirden
the initial event. Frak! represented an ordinal model
where events (not time-stamped) are linked in

sequential order. Claramunt and Theriault's A T
investigation, however, describes object changekén E—
Y

Werzsion, Events and Processes Clazzes

past, present and futdfd
Although, the triad model represents an integratet
Y y

approach for representing changes, it does noterela

events to the geographical phenomena, while even | |Thematic ClaSS] Spatial Class Temporal Class ]
oriented models are suitable for temporally stable
changes but are not useful for representing sudde
changes (e.g. earthquake) and gradual changes (e
rainfal)*. The Claramunt and Theriault mod@ <« Associated Link
adequately represents the events related to thegeha
but stores the changes as attributes of the ohjatthe
model is not suitable for tracking the evolution of
geographical objects involving splitting, merging o

<+—» Aggregated Link

Fig. 1: Composite classes of a geographical object

transition.
OBJECT ORIENTED MODEL FOR GIS Sl Bl A Vi 7Ot e Vi
The object-oriented approach has the abstraction T f f T
power to represent real objects, provides the Time
extensibility needed to create new geographicaletsod GO = Generic Object =~
(through “inheritance”), the semantic needed to Vo. Vi, Viy= Version changes
construct complex objects of similar spatial and <> =Temporal topology link

temporal states (through “polymorphisi¥) The
attributes and behaviour are “encapsulated” withm  Fig. 2: Relationship between the versions and gener
objects, therefore providing a network of relatioips object
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The versions classAs Fig. 2 illustrates, a geographical directionally to the respective spatial, thematitd a
object is represented as a generic object, thedlject temporal classes. Also, the attribute and behaviour
and any subsequent changes can be represented cimnges of the versions of the object are linked
versions. Each version of the object consists ahghes respectively to the previous and next changes. The
(involving an attribute or behaviour) of the aggregl  relationships between the attribute and behaviour
classes (spatial, thematic and temporal) and thehanges are linked through the versions by theiorers
associated class (events and processes). Subsequkmk («<V). Spatial attributes and behaviour changes of
changes of attributes of the versions will generatdhe versions have relationships through the sphtied
related dynamic attributes and temporal links to bg«<S). Similarly thematic and temporal attributes and
updated to the respective versidfisThe relationships behaviour changes of the versions have relatiosship
between the generic object and the versions of thasing the thematic link«pH) and temporal links<(T)
object are represented by temporal version managiemerespectively. The relationships between the atteibu
approach*®. The version management uses temporabnd behaviour changes improve the efficiency of the
operators (e.g. during, after, before etc) to handlquery mechanism of the model and reduce the data
gradual and sudden chan8s To avoid the use of access time (Fig. 3). They record only the attebot
large storage space, only the generic object or thbehaviour changes to minimise redundancy and data
current object holds the complete attributes andstorage. To promote detailed and continuous arsabfsi
behaviour of the object whiles the other versionsthe changes, there is relationships (bi-directipnal
represents the changes of their attributes andvimelta ~ between the changes (attributes and behaviouradi e
The temporal relationships between the currenversion.

object and versions is given by:

Events and processes classeBvents are regarded as
Versions(x) =4 (n,n-1),A (n-1,n-2),. . ., communication between two or more objects that
Ay (not1, ny), CV,(ng)) (1) causes an alteration of attributes or behaviowangf of

the objects. The data about a specific event linkdde

WhereCV,(no) is the complete version of object geographical object come from an external source an

whilesn, indicates the generic version, which holds theare handled by the event class. The event clasaras
Comp|ete attributes and behavioﬂrx (k, k’) represents initial associations link with the version class.
the difference between the current vers{ghand the Subsequent association links between the evens clas
previous versiorfk’) of objectx. As shown in equation and the version class are produced through the bi-
(1) access to the current versiamn requires n-1 directional links. In view of thiS, the model shdube
iterations, which means evaluating delta version able to deal with attribute changes (dynamic aiteb)
(No+1, No) followed by delta versiony (No.2, No.1), then —and to handle both static and dynamic changes.
the next version up to delta versiap (n, n-1). This ~ Recording of events are time-stamped as both afgsolu

forward oriented versioning strategy equation pilesi time and relative time, in order to be able to deih

faster access time for the oldest version. known dates of events; but the recording can atso b
As shown in equation (2), previous versions can b&equential using temporal relationships to deteemin

evaluated from current versions and this strategy iunknown dates of events. The recording of the

known as the backward based versioning. The methodttributes of the events (e.g. starting time, egdime,

in equation (2) provides a quicker access to tireeoti  SPe€ed, position etc.) enable the model to deal with

versions. sudden changes (such as an earthquake for exaasple)
well as gradual changes (such as rainfall).

Versions(x)=(CV(n),A¢(n,n-1), As shown in Fig. 4, there are temporal

A(N-1,n-2),.. Ad(N+1, 1)) 2) relationships between the first events and the

subsequent events and between the current event, th

When a geographica| Object ChangeS, the generatMEV!OUS f.'vents and the next event. AlSO, thera is
dynamic attribute locates the versions and createtglationship between different types of eventsteeldo
temporal links between the previous version and théhe same version of a geographical object (Fig. 4).

new versions. Similar equations, which can be tised The processes have attributes such as start tidhe a
splitting and merging of objects, are given in Dacet ~ €nd time to be able to handle sudden changes gsuich
al. 1o structure damage) as well as gradual changes @sich

urban flooding). In certain situations an event! wil

Spatial, thematic and temporal classesA version of ~ generate more than one process. Also, differeréstyy

an object consists of changes (attribute or behayiof ~ €vents related to the same version of geograpbiatt

the spatial, thematic and temporal classes. Suksequ €an generate specific processes. In suchea there

attributes and behaviour of the classes are auicallygt are temporal relationships between set of peases
updated to the respective class. Each attribute ofhe temporal relation between versions andgsses
behaviour change is contained in a version, linked ©Of a geographical object is illustrated in Fig. 4.
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Fig. 4: Temporal links between versions, eventsodesses of an object

The process class has relationships with the dpatiethe event class and the process through the version
thematic and temporal classes. The relationshiglass. When an event occurs to a geographical pbjec
between the process class and the spatial detestiee dynamic attributes of the event are created. A gBsc
actual affected section of the geographical objectgenerates dynamic attributes when it is created.
Similarly, the relationship between the processsla Subsequent temporal relationships between the event
and the thematic class shows which themes werelass and process class through the version dlasseta
affected and the process-temporal class relatipnshiup by dynamic attributes of the events or procéSses
indicates the actual time of the effect. Specific event(s) and process(es) is identifiedthosy

Moreover, there are no direct associationversion of the geographical object. The relatiopshi
relationships between the event class and the gsocebetween the versions of a geographical object, the
class. There is, however, an initial relationshimeen  events and processes are shown in Fig. 4.
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DESIGN OF THE MODEL IMPLEMENTATION AND EVALUATION

The visual modelling tool known as Unified The model was implemented using an object
Modelling Language (UMLUJ! for object oriented oOriented database, Objecti\}f@/ and object oriented
modelling is used to describe the design of clas®rogramming environment, visual C++ and running
hierarchies and their interacting relationshipshisithe ~ under Windows NT platform. This approach eliminates

: : . the need of mapping the model to an OODBS since the
model. The UML describes the design of the versmn%Iass structure used ithe OOM, the OOPE and

and the _relatio_nships between the classes of thBODBS were consistent. As shown in Fig. 7, the
geographical O_bjet'_ ) ) classes (version, temporal, spatial, thematic, teaed

As shown in Fig. 5, the attributes and behavidur 0 yrgcess) are defined in the application schema file
geographical object can be designated into indeg®nd known as the application Data Definition Language
classes that are inter-related. This techniquewallo (DDL) schema. The DDL processor generate the
specific changes of attributes and behaviour tadied  schema header file and the schema source code which
and altered over time without affecting the rest ofare linked with the application source code. In the
attributes and behaviour of the geographical objEee  application DDL schema and application source code
UML is used to demonstrate the semantics of thdiles, the version class is represented@@bject the
versioning and temporal GIS by showing the versionsPatial class bgpatial the thematic class Bhhematic

of the geographical object with the events and ggses the temporal class byemporal the event class by
related to the changes. The aggregated relatiosx;lshirFVentand the process class Byocess.
' The relationships between the classes are

between the version class and the spatlal_ clas_mahc established in the application DDL schema file gsin
class and the temporal class can be identified. Thg,e gpject reference class functiooRef For example,
associated relationships between the version @eds \yhen the first line of code below is inserted ire th
the event class and the process class can be deteéim version class and the second in the spatial cthss,
Each class is represented by a rectangle that haslationships between the version class and thgaspa
different compartments that show attributes andclass is created:
behaviour of each class (Fig. 5).

The rectangles have links to show the type ofl. OoRef(Spatial) current_spatdata;
relationships between the classes. The clasd. 0oRef(GObject) current_SpatObject;
Geographical_Objectepresents a map or GIS output S
device, theGIS_Objectclass represents geographical ~ Objectivity/DB has the capabilities to represére t
objects such as road, building and ®kject_Versions Versioning approaches (i.e. linear, splitting and
class represents the versions of the objects. @teare  MeTYing) demonstrated in the OOM. Linear changes ar

: : represented by linear versioning method using the
tcr;:ssszztlal Tempora) Themati¢ EventsandProcesses setVersStatus(oocLinearVers) function. Changes
o . ... involving splitting are represented by branchin

The links represent aggregations and associatio g sp g P y 9

b h . I h abi rVersioning technique using the
etween the various classes, suc |_YPe  setversStatus(oocBranchingVers) function.

representing the aggre.gated.relationships _betv_\/een tGeographical phenomena involving merging are
map and the geographical object. Tle_versiondink  represented by the merging versioning approachgusin
represent the associated relationships between thfe add_derivativefunction. If the properties of the
object and the versions and spacerepresenting the merged object are similar to the previous objettts,
aggregated relationships between the spatial elads add_derivedFrom function is used. Versioning is
the object class and the version class, otheresept established by invoking theversion(copy) and
the corresponding links in a similar way. version(moveJunction in the application DDL schema
The interaction between the classes which resultfle. The version(move)function allow the attributes
from attributes and behaviour changes over timebean and behaviour of the previous version to movecht t
represented using the time sequence diagram ([Fig. ecurrent version angersion(copy)function enables the

The time sequence diagram shows the interactiofOPYing of the properties of previous version te th

between the attributes and behaviour changes ssich §Urrent version. . .
spatial, thematic and temporal that results into Geographical objects are made to be persistence by

L fth hical obiect. Eurthermdn storing the object in a federated database (divided
versioning of the geographical object. Furthermtine, -y iapases  and containers). Persistence objects are

interaction between the geographical object, & jyeniified using the object identifier (OID) whicis
and the processes are represented. Also showmi6Fi nique within a federated database. Objectivity/R®s
an event (flooding) which can produce a proces$ sucthe object handle classjandle to access persistence
as the evacuation (movement) of people (attributespbjects automatically by the DDL process for rgve
from a town. persistence class found in the schema header.
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Geographical_Ohject
o Thans o Events
- ' &M ame ; char
0+ &Start_time : float
_ EEnd_time : float
Obj_type 0.+ & Time OfLast : float
= &;EventlD : char
GIS_Ohject
&:0hject_|D: char - ®Fire()
1 . :Eanhquakeﬂ
: Starmi()
Spatizl Db_versions N *Fnod()
: 0. W event oo
%E_gEU_:UC - ]‘::Dai Ohject_Versions | 1
_Geo_loc: floa :
&loc_change : foat Q:Ve_rsmn_lQ char
. 1 | |&0nject_ID: char
&location : float  ——3 &F Name - i
& location : float |V _space Q:C_Name : Char
&Zlocation : float | - ) i | Frocesses
&p4rea : double 1' 1 V_ProcessByiame - char
1 &Process |0 : char
|+ |&Start_time : float
1 V_theme , " |&End_Time : float
C— | V_time & TimeOfLast : float
ematic
&P Type : char Temparal S5 plitt()
&C_Type : char & Time_change : float S erge()
SC_Layer_level : int EExist_time : float BExpand()
&P _layer_level : int & Time _created : float ®Contract()
Sl ovemnent()
ml=onetoonelinks w 0. % =gzerotomanvlinks wm 1 . % =onetomanv links
m <>— = Aggregatedlinks m = Associated links

Fig. 5: UML design showing semantic of the versignand temporal relationships

The persistence objects of the version class was A dynamic function handles the temporal
represented bysObjectH the spatial class bgpatH relationships between the versions, the eventstia@d
the temporal class byempH the thematic class by processes. The code below generated the relatmmshi
ThemH the process class WBrocessHand the event between the versions, events and processes. Each
class byEventH For example, the persistence objectsprocess is linked to the event through the version:
of the version class and the spatial class arergtate
using the method below: EventH=new(GObjectH) Event(TempEvent);

Handle (Spatial) SpatH; Handle (GObject) ProcessH=new(GObjectH);
GObjectH; Aggregated relationships between the
version class and the spatial class, the themédigsc Database query: The query technique of the system
and the temporal class is established in the aggic =~ was classified into different components in order t

source code using the code below: identify the attribute and behaviour changes to the
classes of the model. Since an object orientedoagpr
GObject::GObject(): has been used, the attributes and behaviour queries
current_spatdata(newSpatial()),current_tempdata(new changes over time are directly related to geogcapbhi
Temporal()), object. The query components of the system are
current_themdata(new Thematic()); independent of each other but are co-related.
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Fig. 6: Sequential diagram showing interactionhaf thanges of geographical object over time

sample in code 1 shows how such query was
e implemented.

1=

Application

DDL Schema
(C==

DDL

Process

1 Schema Source
Code (C+—)

Application
Source
Code
(C==)

Application
Program

The temporal queries capture the relationships
between versions. For example, “when was this site
changed from golf course to race course?” Spatial
queries are based on changes such as area arndrocat
alterations or adjustments. For example, “whichasre
in the UK are affected by rainfall that causes leav

Y flooding?” Spatial topology relationship between
Compiler / Linker versions will be determined using such spatial igser
(€ For example, “which houses within ten kilometres of

the river were affected by the flooding?”

ooStatus Map::Find_Temp_Infor()

{
L Y Y e
) char input_N[20];
— Federated cout<<"Enter required time"<<endl;
ADpphzatlan Database gets(input_N);
atabase /llscan the container for the all the objects
GObjectl.scan(contH);
while (GObjectl.next())
. . {
Fig. 7: General architecture of the oomMm

implementation

They are defined in relation to the spatial clabg
thematic class, the temporal class, the event eads
the process class. Temporal queries enable thethiate

if(Istrcmp(GObjectl->current_tempdata-reated_
stamp,input_N))

GObjectl->GObject_Print();endl;cout<<
"Event"<<GObjectl->current_event->_
Name<<end|;

cout<<"Process"<<GObjectl->current_

Event

the changes of the geographical object occurredl, th process->_ProcessName<<endl

time that event occurred and the time the process w } -

noted to be determined. For example, “when wersethe }

houses changed to a supermarket?” This type ofesuer

is based only on the time at which the changesroedu

and it is implemented by iterating through the Hat® 4 1.

to find the time at which the changes occurred. The
159(

Sample of code for querying the databasey usne that
the changes
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Fig. 8b: Canbury Ward Map 1933
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Fig. 8c: Canbury Ward Map 1959
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Fig. 8d: Canbury Ward Map 1998

Spatial topology relationship between versiond wil
also be determined using the spatial queries. For
example, “which houses within ten kilometres of the
river were affected by the flooding?” Thematic qesr
are related the changes of the theme (of the
geographical object). For example, “which parkshiis
county have been replaced by commercial building?”
The event queries provide the ability to deterntime
nature of an event that causes the changes and the
relationships between the events over time. Thegqa®
queries allow the examining of the effects of the
changes and the relationships between subsequent
actions.

As indicated earlier the relationships between the
versions allow forward and backward movement. The
previous version and the next version to the ctirren
version can be obtained by iterating either backiwar

using the getPrevVers function
GObjectH.getPrevVers(GObjectH3yr forward using
the getNextVers function

GObjectH4.getNextVers(GObjectl);.

All the objects in the database can be determined
by scanning through the database using the iteratio
scanning functionGObjectl.scan(contH);. Similarly,
the current version can be obtained using the same
approach.

Case study: The functionality of the integrated GIS
system was demonstrated using a case study ingodvin
data set from the Royal Borough of Kingston-Upon-
Thames, Surrey, UK. This entailed tracking the
attribute changes of geographical objects in the
Canbury Ward during the period of 1913, 1933, 1959
and 1998. The data for testing of the system were
obtained by scanning the historical paper maps to
obtain raster images, followed by using Arcinfo
Software (ESRI) to generate vector data. The vector
data of the maps were stored in the database
(Objectivity/DB) which are shown in Fig. 8, Fig. 8a
represents 1913 map, Fig. 8b 1933 map, Fig. 8c 1959
map and Fig. 8d 1998 map.

The process of how a map (of 1913) is storedén th
database (Objectivity/DB) is shown in Fig. 9. larss
with the object browser namea€ingstonCW consists
of boxes labelledatabasesand Containers, Objects
and object — “Durlston”. The box labelledatabase
shows the name of the created datab&W, DB, in
the federated database. The box label@mhtainer
indicates the number of containers in the databthse,
box labelledObject shows the name of geographical
objects in a container, for example, when the doata
labelledDurlston was highlighted it contains an object
named Durlston. The box labelled object -
“Durlston” show detailed information about the
geographical object Durlston Road. Thus, the
Container box shows the names of all the geographical
objects in the 1913 historical map of Canbury Ward
that were added to the federated database.
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Fig. 9: Objectivity/DB object browser showing
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Fig. 10: Changing the attributes of the old UppamnH o L
Road and linking the event and process to'etrieving the values from the database as shoviign

the new version

=/ 5

Fig. 11: Dialog box for updating the spatial atttios

of a version of geographical object

Linear versioning: Testing of the changes of
geographical objects that experienced linear
versioning was based on spatial and thematic
attribute changes of the objects. Comparing the
historical map of Canbury Ward in 1913 (Fig. 8a)
and that of 1933 (Fig. 8b), there was an expansion
the Upper Ham Road in 1933 due to traffic
congestion in the area. This is represented in Hy.
where the old version of a geographical object (the
Upper Ham Road ) was linked to a newer version.
The “Year” represents the year that changes were
updated, the “Object Name” represents the name of
the old version and the “Version Name” is the same
since there was no changes in the name of the bbjec

The event and the process associated with the
spatial attributes changes are also representdgeigin
10. The “Process Name” represents the process, the
“Process Type” represents the type of geographical
phenomena (e.g. simple, split, merge or cyclic) and
“Events Name” represents the event. The event dinke
to this geographical phenomenon is representecéy t
“Road traffic” and the process linked to the
phenomenon is “Road Expansion”.

Figure 11 shows a sample dialog box that was used
to update the spatial attributes of thipper Ham
Road. The attribute changes (i.e. spatial) were updated
to the new versions of the geographical objectse Th
spatial changes represent the Y (northing) andXhe
(easting) co-ordinates of the geographical objects.

The spatial attributes updated on the map by

12. The updated spatial attributes are now reptiegen
the northing and easting co-ordinates of the new
versions of the geographical objétppper Ham Road

Split versioning: In 1959, sections of land parcel,
4 UnLand were used for developing a school building
and are represented as B20_Building (Fig. 8c). The
spatial changes of the geographical object, 4 UdLan
in 1959 represents split versioning. The original
geographical object, 4 UnLand has the same feature
attributes as the new version 4 _UnLand but differen
spatial attributes, however the new version 4_UnlLan
has different feature properties to the version
B20_Building.

The dialog box for testing the split versioning is
similar to the one for simple changes (Fig. 11)ibbas

Due to the fact that geographical objects@n extra input for the name of the second versidre

experience different types of geographical phenanen updated two versions 4_UnLand and B20_Building
in this case study linear (simple), splitting andrging
changes were tested. The forward and backwar@atabase. Shown in Fig. 13 is the map of CanbursdWa

continuous tracking of the versions of geographicafn 1959 showing the updated geographical objects of

object over time were also tested.

were stored in the same “container” of the federate

4 UnLand and B20_Building.
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Fig. 13: A map of Canbury Ward of 1959 showindyarpdated spatial changes of the versions creafted the
split versioning of the geographical object, 4 Undla

- Map of Kingston-Upon-Thames (Canbury Ward).Surrcy UK - Samp2_1913_0DB

1zo0

r Lt rrer

1100 [ Buildings
[ Forests
[ Roads

Undeveloped
[E v

4D CrL

Kingston—Upon—Thames — 1933
(Canbury Ward)

8
H
170600
518000

Fig. 14: A map of Canbury Ward of 1959 showing onigdated spatial changes as a result of merging of
geographical objects, 4_UnLand and 6_UnLand bedbmeew object B4 Building

Merge versioning: The merge versioning technique of two  geographical objects B4 Building and
the system was tested by using the scenario, vihere B6_Building merged in 1959 to become the new object
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B4 _Building as shown in Fig. 14. The new version6.
B4_Building has the same features attributes as the
previous two objects but its spatial attributes egeal

to the combination of the two objects.

CONCLUSION

Different approaches to representing changes of
geographical phenomena for analysing and trackiag t 8.
evolution of objects have been discussed, many o
which have not yet been successfully implemented by"
their exponents. The object oriented model, whigh i
adopted in this research, tackles the limitatichsany
previous temporal GIS work and provides an integtat
framework for the effective handling of continuous
tracking of the evolution of geographical objecthe
specific approach presented in the paper, prodaces
good unified object-oriented system comprising an
object-oriented data model, object-oriented
programming language and an object-oriented dag¢abas] 2.
The proposed system eliminates the difficulties
previously experienced in mapping spatial object-
oriented data and relational models, which suffered
from the mismatching of relationships between varsi
of the objects.

The proposed system constitutes good temporal
modelling because the temporal attributes and

7.

10.

11.

behaviour of the versions are independent and hav&#-

relationships patterns which enable tracking ohges.
Moreover, the temporal attributes include temporal
operators to promote the continuous analysis dépat
of change. The system also works well with bot
gradual and sudden changes because the attribfites o
events have temporal operators and versions haite bu

in relationships between them.

The GIS system proposed by the authors eliminates
the need for large data storage capacities by dewpr
only the changes in the spatial, temporal, thematic
event and process classes. The results have also
indicated that continuous tracking of the patteafis
change of geographical phenomenon can be achieved
effectively. The development of an improved graphic
user interface together with interfacing with some
existing geographical information systems will be
tackled in future work.
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