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ABSTRACT

Nowadays improved Internet connections, standardiseddnange formats and enhanced mobile devices enable tisgtasecess all
information available from almost every place. For the ncases the problem is not the existence of the informationdatcessibility,
awareness and consistency. Locating the information islynmsncidental and often detects not the most relevamtrinftion. Certain
spatial phenomena are represented more than once in difteaabases, while the content depends on the intentitie afdta collector.

As different applications or situations require altenatnformation and also visualisations of the data the usaulgl be able to choose
between alternative representations and should havesaimcal information relevant to a certain object of inter@3tat problem leads

to the research field on Multiple Representation DatabddBHBs), where multiple representations of a certain okgeetorganised in

a consistent way in the database. The widespread systeiteatale for accessing and serving spatial data inclugeslatrd interfaces
published by the Open Geospatial Consortium (OGC) like Weditlre Service (WFS) or Web Map Service (WMS) and is designed
for single representation data including only one singtgesentation per object. In this paper we describe a waytégiate multiple

representations data into a web service architecture. Vyhasize the need for extending the existing standards tdldamultiple
representations and propose a system that enables theagksof an MRDB by extending the OGC WFS.

1 INTRODUCTION

As data collection occurs with different intentions, manfor-
mation related to a certain real world phenomenon existIsjde
side without any connection. Even data for different mapesca
are often not integrated in a common system but exist in fgdral
There are several reasons for the existence of multiplesepr
tations as well as different types of multiplicity. The reas for
different representations result from different worldwse (for
example a topographer has a different view than a geologishw
searching for information), as well as the need for diffémes-
olutions of the spatial data in maps. Every user has diffeien
quirements regarding the level of detail or content of theada
Bédard & Bernier (2002) name three types of multiplicityspa-
tial data:geometri¢ semantiandgraphic multiplicity.

In our case we introduce a multiscale database as a spewmttl fa

data. Standard web architectures and interfaces allowrflyr o
one representation per object. The problems resulting fiom
limitation are described in section 3.1. To enable the adhg@Es

of multiple representations for mobile users the serviterfaces
have to be modified or extended in a certain way to support such
functionalities. A system architecture for a mobile seevising
standard web-services, the shortcomings of this system whe
tegrating multiple resolution data as well as a proposakterel

the OGC WFS to overcome these drawbacks will be described in
section 3.

Our intention to introduce an MRDB was to use the advantages
of this special way of structuring spatial data within a nebi
data service. Different map scales are available in a nieltgs-
olutions database, which relieves from the burden of riead-t
generalisation. The advantages of such a system are ndhnifol
on the one hand, the server can fall back on pre-generaksed |
els of detail and there is no need for a real-time generaisat

of an MRDB. Devogele, Parent & Spaccapietra (1998) note thaf, yhe other hand, such system allows the user to choose alter

strictly speaking, the notion of scale (the ratio betweendize

native resolutions of the map objects and flexibly zoom in and

of an object on the map and its real size on the ground) is & ca s - Fyrthermore the user can access all the informatitee|

tographic concept and does not apply to abstract repregeTgta
stored in spatial databases. The appropriate conceptpr@a:
sion (degree of detail in the reporting of a measurementy-ac
racy (relationship between a measurement and the realitghwh
it purports to represent) and resolution (the smallestabbyhich
can be represented) (Goodchild 1991, Muller, Lagrangab&\Ve
& Salge 1995). In the remainder of this paper the terms maltip
resolutions or representations as well as Level of detaD(Lis
used to express this concept.

To organise the data efficiently the multiple representstioeed

to a certain phenomenon as the corresponding represerstatie
linked with each other: All information, semantic and gedtrmice
related to a certain phenomenon are available.

2 ORGANISING MULTIREPRESENTATION DATA

As mentioned in the introduction, different facets of nulktirep-
resentations are thinkable. An MRDB is introduced for dffec
data maintenance (Bruegger 1996), to facilitate the upgatio-

to be combined in an MRDB. Such a database combines differe/f€Sses of spatial databases (Dunkars 2004) and to allowuitir m
representations of the same object in a common system and eRuUrPose analyse functionalities in GI Systems (Spacaapiear-

sures a consistent storage of the corresponding data byrdgefin
links between alternative representations. We gatherdtipteu
LoD of spatial datasets and integrated these data into anBIRD
Section 2 gives an overview of the research work within thesa
and briefly describes a way to realise an MRDB.

When integrating multiple representational data into a \&eb
chitecture, problems occur while requesting and handlegé

ent & Vangenot 2000).

In our case we concentrate on different representatiomnstires
from cartographic or model generalisation. This leads amaul-
tiple resolution database. Kilpelainen (1997) descriivas re-
quirements of a multiple resolution database:

e The representation levels consistifferentrepresentations



of the same object, which means that geometric representdut also information about the district the building is ltxhin
tion changes from one level to another. or the city. These ideas are described in more detail in (Hamp

, . o Anders & Sester 2003).
e Representations at various levels haamnectivitieswith

each other.

3 WEB SERVICES SYSTEM ARCHITECTURE
In earlier papers (Hampe, Harrie & Sester 2004, Hampe & Seste

2004) we describ_e the implementa_tion of an MRD_ET' The di‘('Within the GiMoDig project (Sarjakoski & Lehto 2003) a pro-
ferent representation levels are derived by generalisidagtaset totype serving spatial data from distributed databases: fmo-

with a high level of detail. The cartographic generalisaeas ;e yser has been developed. Lehto (2002) describes thesys
realised using algorithms for automatic simplification,&ga- o chitecture of this service. This architecture is a tylistan-
matlon_and' t_yplflcatlon of bundln_gs. Furthermore road qmae dard based framework of a web service providing spatial. data
been simplified through a selection of the road categoriegetls consists of several separated layers, which are connéuteath
as Iir_1e simplificatior_1 algor_ithms. Beyond, the_ pOSSibiﬁWde' standard based interfaces. The OGC offers a complete set of
termine corresponding objects through matching algostvas e ifications for setting up a standard based web map servic
described. When software vendors implement their products in comptan
with these specifications the user profits from interoperal@b
based tools for geodata access. T@C Web Service Archi-
tecture SpecificatiofOGC 2003) describes a common architec-
tural framework for web based geospatial services. The OGC
WFS (OGC 200b) defines interfaces for data access and ma-
nipulation operations on geographic features using HTT@®Pas
distributed computing platform. The WMS (OGC 2006) speci-
fies the behaviour of a service that produces georeferenapd.m
This standard specifies operations to retrieve a desaripfithe
dgaps offered by a service instance, to retrieve a map, ane:ty q
server about features displayed on a map.

In the data model the feature types settlement, traffic, mate
vegetation are modelled as abstract object classes, véheaeh
representation is a generalisation (in the sense of Unified-M
eling Language (UML)) of its feature type. These subclasges
the feature type class constitute the different repreientaof a
certain object, whereas these representations are linike@ach
other as they describe the same real world phenomena.

Practically, within a relational database every LoD of aaier
feature type is stored as a separate database table. A raeta
table lists the names of the tables as well as the feature typ%
these tables are related to and the scale range these rdéprese
tions are applicable best (cf. Figure 1). Metadata are 3acgs
to help applications to select the most appropriate déta,the
extended Web Feature Service (eWFS) portrayed in chapter 4.
describes the object types covered by the database as vie#t as A service providing multirepresentation data should havena

scale range, covered by each dataset. An extra table des¢nié  terface to access the information easily and efficienttyjlar to
the OGC WFS. But the OGC WFS or other elements of the OGC

3.1 Web services for multiple resolution data - special re-
quirements

oid tablename | scalemin | scalemax | featuretype V\/_e_b Services (OWS) (OG_C 2003) provide only Iimi_ted fur_mtion
varchar int4 int4 vaichar alities to support the special requirements of a multiptehgion

1 110576358 |buidingsSk 5000 10000 buldings data service. Problems arise because these interfacessed b
= HGhh) gl 130000 20 Enskings on single representations. When multiple representatiomsn-
3100730 beddngedc 23000 A s troduced, certain functionalities are missing and othélisead
4 110576351 |baildingsS0k 50000 75000 uilding: . ; ;
5 110576362 | buddings7Sk 75000 100000 bedldings |n§o erron_eous_behawour of the system. The following eXasp
6 |110576363  buidings100k 100000 200000 buildings might clarify this.
7 110576364 | buildings200k | 200000 500000 buildings

When requesting spatial data through a WFS, the user sends a

Figure 1: MRDB metadata GetCapabilitiesequest to explore the content of the database as
. . . . well as the functionalities of the service. An applicatiatess-
link structure using the IDs of the database objects (Cuf@). g this service first collects these information throughXanL
Every column of this table stands for a certain level of neBoh 5 maited document sent out by the service as an answerigor th
and descrlbes_onfs link between _the levels. Object IDs_ listed request. Beside other sections, this document cont@jrera-
the same row indicate a connection between these objects. Thion \etadata Filter capabilitiesas well as aeatureType list
link between corresponding objects, which is an essenlial e | e feature type section, all feature types defined by fiee s
ment of an MRDB (Kilpelainen 1997), reflects that these eepr itic 0GC WFS implementation are listed. Each feature type in
sentations describe the same real world object. The use lef mu, - is represented by a certain database table. Within a mul

tirepresentational environment, more than one datab&ée i®

- levell level2 leveld leveld levels level level? leveld

s I et o ‘ ol ‘ i | L L i ‘ L | associated with a certain feature type. That means eitteay ev
. e 8 1 ¥ - —he—— representation has to be treated as an own feature typerer the
[T s 3 ] % Ell 18 8 is the need to extend the data model, introducing child efgsne
83 10679886 %2 kel 3 ® 2 51 18 18 . . B
E [ u ' 5 % 5 i i of the feature type. The first case would lead to an inconsiste
e e — ! ; e : datamodel. Furthermore, when listing all database tablait-a

able, the relation between corresponding tables is noesspd.

Figure 2: Storage of the links in the database That means to handle multiple representations, child etésre

the feature type are needed, describing its represergatiam-

tiresolution data stored consistently in a Database Manage tained in the database. For example the feature type "ingitdi
System (DBMS) are manifold. The MRDB serves for zooming might have representations stored in the database talhléd-"b

functionalities, multiresolution maps as well as for asteg all  ings10k”, "buildings50k” or "buildings100k”, constitutg build-
information related to a certain phenomenon. It might berint ings appropriate for the scales 1:10k, 1:50k and 1:100ke®s

esting e.g. to get not only attributes linked to a certairidiug tively. That means the feature type, e.g. "buildings”, it jlisted



in the MRDB metadata table. Only its representations are rethese operations. At the same time this might be a great eppor

flected by database objects owning geometries and attdaite

To request a certain feature, the OGC WFS offersGetFea-

tunity using the OGC WFS for automatic update propagations.
Using theDescribeFeatureUpdate Insert or Deleteoperations
would trigger an internal process in the MRDB involving apr

ture operation. The feature to request can be derived from the ligesentations linked to the affected objects.

shown in theGetCapabilitegesponse document. If every repre-

sentation would be treated as an own feature type, whichdvoul

be the only possibility to access all representations \@aQGC

4 EXTENDED WEB FEATURE SERVICE

WEFS, the burden to select the correct representation waaild b

left to the user. Further disadvantages have already beatedju
above.

The solution is to follow the strategy of introducing a ligtadl
representations available for a certain feature type. Hee ar
the application just needs to determine a feature type dsawel
representation of interest. To be able to select the reptatien
of interest, an additional attribute has to be introducedistinc-
tive feature, separating the different representationsekample
if the database would maintain different Log§talewould be an
attribute to express the difference between the altemaépre-
sentations (cf. section 4). The user might request the fetype
"buildings” and the representation for thealeof 1:10k. The dis-
tinctive attribute can be different depending on the forrmaiti-
plicity. Another MRDB might provide multiple representatiin
timeinstead ofscale

When working with multiple representations the filter fuooal-
ities should be extended as well. The extensive filter foneti-
ities described in th&ilter Encoding Implementation Specifica-
tion (OGC 200%) offer spatial, comparison, logical, object iden-
tifier, arithmetic, function and other operators. The avadle for
the user of a multirepresentation service is to filter an ajppate
representation of a certain feature. Using the filter opesathe
user could request certain objects by using the featurdifigen
(fid) of those objects. But in a multirepresentational emwiment
when requesting a certain object, more than one repregentat
is available for this object of interest. That means therthés
need to not only filter the object of interest but also a centap-
resentation of this object. The connection between themdift
representations, stored in the link table of the MRDB, cands=
by the service when requesting the representation of istté@m
the database. For example the user requests "GetFeattussfea
type=buildings scale=25000" and filter functionalitie® arsed
expressing the interest in the object "fid=buildings10@k%
which was selected from the map in use (the name ofithis
arbitrarily and does not have to include the scale). Theicerv
would select an appropriate representation of the building-
terest for the dedicated scale. More details about thesgifum
alities are described in section 4.

Other filter functions are affected as well. For example getoin
filters like bounding box etc. depend on the representation i
use. The user should be able to determine the represent@atien
used for the filtering process. The result of the filteringoess
would be different, e.g. when using the representationdef t
scale 1:10k or 1:100k as the objects of the scale 1:10k have
finer granulation.

To enable the full benefits of an MRDB additional request func
tionalities need to be introduced. The user should be ahle-to

quest a representation of her choice as described aboveit But

To be able to use the advantages of an MRDB by means of a
WEFS and to overcome the shortcomings described in the previ-
ous section, we enhanced the OGC WFS by two operations so
far, to result in the extended Web Feature Service (eWFS). Th
first operation is a slight change of tk&etCapabiliteswhereas
GetAlternativeFeaturevas added as a new operation. The new
operations are located on top of the existing WFS implementa
tion. Calls not concerning the eWFS will be forwarded to the
WEFS without any processing. The functions described bebmw ¢
be accessed through a network call using e.g. a web browser.

In the following the architecture of the eWFS is briefly comgzh
to the architecture of the OGC WFS. After that the new openati
are introduced. In the examples the differences betweed @@
WEFS and the eWFS are highlighted with bold letters.

4.1 Architecture

The original architecture (cf. Figure3) has been extendednbs
other layer. This new layer, which makes up the eWFS, seiwes a
an interface to the outside world. This layer communicatigl w
the WFS and, in addition, with the MRDB (cf. Figure4). The
exchange with the MRDB limits itself, on this occasion, totaae
data described in section 2. No direct access on the WFS and th
MRDB is therefore possible from outside.

WFS

Response

WFS
Request

Web Feature Server (WFS)

|

Figure 3: Web Feature Service

Opaque Feature
Store

eWFS eWFS
Request Response
(HTTP-POST) (GML)

Extended WFS J

HTTP-POST GML Metad

WFS MRDB

a

Figure 4: Extended Web Feature Service

4.2 GetCapabilites

might also be of interest to get information not only from one The operatiorGetCapabiliteds already available from the OGC

representation but additional or all representationdaiviai.

Moreover the OGC WFS offers operations to update, delete-or i
sert new data in the database. Also these functionalitiestoebe
adapted because not only one representation is affectedgtr

WEFS. Nevertheless, in the extension the response was ahange
to describe the different representations of a certairufedt/pe,
stored in an MRDB. This means that the result of @etCapa-
bilites operation has a slightly changed structure. A major differ-
ence is the introduction of a new keyword "representatidrat t



includes the specification of the name of the representatfon
well as of metadata like minimum and maximum scale.

The request is expressed as a HTTP-POST:

<getCapabilities></getCapabilities>

The response to this request coming from an OGC WFS is a

follows:

<WFS_Capabilities version="1.0.0"
xsi:schemaLocation="http://
www.opengis.net/wfs http://...>
<Service>...</Service>
<Capability>...</Capability>
<FeatureTypeList>
<Operations>...</Operations>
<FeatureType>
<Name>...</Name>
<Title>...</Title>
<Abstract>...</Abstract>
<Keywords>...</Keywords>
<SRS..</SRS
<LatLongBoundingBox .../>
</FeatureType>
<FeatureType>.. </FeatureType>

</FeatureTypeList>
<ogc:Filter_Capabilities>...</ogc:Filter_Capabilities>
</WFS_Capabilities>

The response of the eWFS @etCapabilitesrequest differs to
the OGB WFS in théeatureTypeelements.

<WFS_Capabilities version="1.0.0"
xsi:schemaLocation="http://
www.opengis.net/wfs http://...>
<Service>...</Service>
<Capability>...</Capability>
<FeatureTypeList>
<Operations>...</Operations>
<FeatureType>
<Name>...</Name>
<Representatior»
<ReprName>...</ReprName>
<Scalemirp...</Scalemir>
<Scalemax...</Scalemax
<Title>...</Title>
<Abstract>...</Abstract>
<Keywords>...</Keywords>
<SRS..</SRS
<LatLongBoundingBox .../>
</Representatior»
<Representatiorr...</Representatior»

<)i5eatureTyp@
<FeatureType>...</FeatureType>

</FeatureTypeList>
<ogc:Filter_Capabilities>...</ogc:Filter_Capabilities>
</WFS_Capabilities>

The FeatureTypean the eWFS describes the abstract real world

phenomenon, e.g. settlement or traffic, whereas the terpnére
sentation” reflects its database representation, e.gldihgs10k”

or "road50k”. TheFeatureTypenode has the name of the layer

as the first child node. All other child nodes &epresentation
nodes. l.e. if in the MRDB a layer has five different resolngip
five Representatiochild nodes exist.

A Representationode contains further meta information coming

from the MRDB, related to this representation.
4.3 GetAlternativeFeature

TheGetAlternativeFeatureperation is available exclusively with
the eWFS. It allows to determine certain representatiored to

a certain feature type. As in our case the MRDB contains multi
ple representations covering different scale rangespfigsation
serves suitable objects to a given scale. The basic cotistiuc
is identical with the operatioGetFeatureof the OGC WFS. The
GetAlternativeFeatur@peration contains one or several queries
(cf. GetFeatureoperation in (OGC 204%) and furthermore the
inclusion of a filter (OGC 2008 is possible. These filter func-
tionalities also have to be adapted. When handling moredhan
Pepresentation the filter can request an arbitrary reptasen of

a feature, as described in the section 3.

All requests occur as a HTTP-POST. The bold parts correspond
exclusively to the eWFS specifications.

Simple request

<GetAlternativeFeature>
<Query typeName="buildings” scale="10000"></Query>
</GetAlternativeFeature>

This request delivers all data of the feature type "buildinghich

are avallable for the scale 1:10k. The attribstalespecifies the
desired representation. If the selected scale does ndtiexfse
MRDB,the resulting data set is empty. It has to be found out,

if this solution is suitable for the user or if it would be heatt
to find an alternative representation automatically, digiplg the

best alternative. Per query only the entry of one feature g
one scale is possible. If the user likes to receive seveadlife
types at the same time, a separate query has to be posed:

<GetAlternativeFeature>
<Query typeName="buildings” scale="10000"></Query>
<Query typeName="streets” scale="100003</Query>
</GetAlternativeFeature>

Request with standard filter

<GetAlternativeFeature>
<Query typeName="buildings” scale="10000">
<Filter>
<0r>
<FeatureId fid="buildings10k.0" />
<FeatureId fid="buildings1Ok.1" />
<PropertylIsEqualTo>
<PropertyName>gid</PropertyName>
<Literal>17</Literal>
</PropertyIsEqualTo>
</0r>
</Filter>
</Query>
</GetAlternativeFeature>

This request delivers data of the feature type "buildinggijch
are available for the scale 1:10k. The result is filteredhapanly
the records 0,1 and 17 are delivered. The filter method itelica
here is specified more exactly in (OGC 2@p5

Request with new filter element "ObjectRepresentation”

<GetAlternativeFeature>
<Query typeName="buildings” scale="10000">
<Filter>
<0r>
<ObjectRepresentatiorrbuildings200k.13/ObjectRepresentatior»
<FeatureId fid="buildings10k.5" />
</0r>
</Filter>
</Query>
</GetAlternativeFeature>

This request delivers data of the feature type "building$iich
are available for the scale 1:10k. The filter element Felture



filters only the element with the id=5, whereas the new filter e or <Delete> elements to create, modify or destroy feature in-
mentObjectRepresentatiofilters the representations of the des- stances.
tination scale 1:10k which are linked to the object fid=13ha t

scale 1:200Kk. The <Insert> element is used to create new feature instances.
_ _ The feature to be created has to match the schema described by
Request with a standard bounding box the DescribeFeature Typeperation. This operation generates a

schema description of feature types serviced by a WFS imple-

i mentation. The resulting description can be used as a pdtter
<GetAlternativeFeature>

<Query typeName="buildings” scale="10000"> the insert process. As the schema of a multiple representati
<Filter> database is different to a conventional database, thegeatites
<BBOX> have to be reflected by the feature type description. Thetifumc
</BBOX> should be able to describe the schema meaning not only the fea
</;/Fil1>:er> ture type with its attributes but also the whole hierarchythef
uery

representations, similar to the extendgetCapabilitiesunction
described above.

</GetAlternativeFeature>

This request delivers data of the feature type "buildingsilal The insert operation itself should be extended by the possibil-
are available for the scale 1:10k. The result is furtherrBiieso ity to name not only the feature type but also the represientat
that only the records within a certain bounding box (BBOX@ ar the object is meant to be related to. In our case differentd.oD
delivered (details on BBOX can be found in (OGC 28)5With ~ are stored for every feature type. When maintaining a neskir

the eWES a modified BBOX is available. olution database, consisting of different LoDs, it is maodato
_ - _ allow the user only to change data at the highest level ofildeta
Request with modified bounding box as high LoD data cannot be derived from low LoD data. This

would lead to inconsistencies in the database: The featores
serted would have no representations in the layers with laehig

<GetAlternativeFeature>
<Query typeName="buildings” scale="10000"> LoD. Furthermore the user should be able to update not ordy on
<Filter> representation layer but also insert different represiems of a
<0r> H il H i _
BBOX scale="200000: real_world obj_ect, e.g. a building representation as waisag;en
o eralised version. That means a possibility has to be intedta
</BBOX> express that different instances to be inserted represersame
</0r> f
</Filter> real world object.
</Query> .
</GetAlternativeFeature> The updateoperation can be used to change the property values

of certain features in the database. It is possible to upgkden-

) ) ) etry properties as well as attributes of features. To deternie
This request also delivers data of the feature type "oulislin  gpject to be updated within an OGC WFS the feature type of the
which are available for the scale 1:10k. But the resultingsiet  gpject is mandatory and furthermore a filter can be used teenam
is filtered using the BBOX as well as an additional attritaceale the objects which has to be changed. When updating an MRDB
That means the bounding box is not applied to the data of thghe uyser needs to indicate not only the feature type but hiso t
scale 1:10k, but to the data for the scale 1:200k. Howeveth®o  representation, which leads to the same needs of an exteaisio
records of the resolution 200k are delivered, but the cpoes-  jy the case of ainsertoperation. Regarding the filter operation

ing linked records of the resolution 10k, as desired. the same problems occur here as described above. The uder nee
. to specify which level of detail is affected by the filter regt It
4.4 Extended Transaction WFS should be also possible to apply the filter on all represimtsit

) o ) of a certain feature type, e.g. if a certain attribute valas to be
The following description of the Extended Transaction WHEB w changed for all representations of a certain feature.

just reflect some theoretical thoughts at this time, in @sitto

the basic service elements implemented and described gethe When using thedeletefunction also an extension of the OGC

tion above. Its implementation will be future work. WES is needed to define the representation of the feature type
object to be deleted as well as for the filter functionalitighe

The OGC transaction web feature service (WFS-T) would supextension of the filter operations follows the same needs i

port all the operations of a basic web feature service andiin a extension of the Basic-WFS.

dition it would implement theTransactionoperation. A trans-

action request is composed of operations that modify featur Furthermore a transaction operation within an MRDB systewn p

that is create, update, and delete operations on geogrégaic duces inconsistencies and contradictions in the databaseh

tures (OGC 2008). The problems of the transaction operations have to be solved. Contradictions would lead to erratic tieba

in conjunction with multiple representational data are ftvah as queries for which a user expects to receive the same,result

On the one hand the operations are based on mono representaay produce different outcomes. Consistency must preskeve

tional data, like the basic operations described above. afe h topological, distance, direction, and semantic propgmieindi-

dle multi-representational data, an extension is necgssawrell.  vidual objects, as well as it must preserve the spatialioglat

On the other hand the change of data causes inconsistencieshetween them (Paiva 1998). These problems have been treated

the database, which have to be solved, too. Both facets will bby several authors and will not be further discussed here (cf

discussed in the following paragraph. (Egenhofer, Clementini & Felice 1994, Paiva 1998)). Beside
when updating, deleting or inserting a certain object regme

The transaction request is sent via an HTTP-GET where the reation, the geometry needs to be changed also for the homolo-

quest is encoded through URL components or HTTP-POST witlgous representations. Procedures to propagate an update ev

an XML-formatted document attended to the requestTréns-  through all representations in an MRDB are discussed e.g. in

actionelement may contain zero or motdnsert>,<Update>, (Anders & Bobrich 2004). And finally the data structure netds



be adapted, meaning the links between representationddnbee Dunkars, M. (2004), Multiple representation databasesdjpo-

deleted, changed or added. graphic information, PhD thesis, Royal Institute of Tedogy
(KTH).
5 SUMMARY AND OUTLOOK Egenhofer, M., Clementini, E. & Felice, P. D. (1994), Evaing

inconsistencies among multiple representatiomsProceedings
In this paper we highlighted the problems that occur whee-int Of the 6th International Symposium on Spatial Data Handling
grating an MRDB into a web service architecture based on starEdinburgh, Scotland, UK’, pp. 901-920.

{onalies 0 request and provide spatial data. On therdtged Co0%ChId: M. (1993), Issue of qualfy and incertairiy,J. C.
when introducing multirepresentational data, problenmsupas Muller, ed., "Advances in Cartography’, Pergamon, pp. 1.
the specifications are based on a data model containing WRly s Hampe, M., Anders, K.-H. & Sester, M. (2003), MRDB Applica-
gle representations. The existing standards do not ertebleen-  tjons for Data Revision and Real-Time GeneralisationPro-

efits of multirepresentational data providing more infotiorare-  ceedings of 21st International Cartographic Conferences- D
lated to a certain feature as well as alternative geome®e-  pan/South Africa’.

troducing an additional "representation” layer to the #&etdiure
of the OGC WFS it is possible to overcome the disadvantageslampe, M., Harrie, L. & Sester, M. (2004), Multiple Represen
of the OGC WFS when handling multiresolution data. The newtation Databases to Support Visualization on Mobile Desjice
operations allow to access linked objects without addngstiie  ‘Proceedings of the XXth ISPRS Congress, July12-23, 2084, |
database directly. Furthermore the service facilitate®tpest  tanbul, Turkey, International Archives of PhotogrammefRge-

an appropriate representation. The user does not need ¥ knanote Sensing and Spatial Information Sciences, XXXV (B¥:1V
the structure of the MRDB. When adding new representations, ) ) )
only the metadata table has to be updated. The metadatatableHampe, M. & Sester, M. (2004), Generating and using a multi-
well as the link table are essential when working with thiatfiee ~ '€Presentation data-base for mobile applicatioriapers of the
service extension. To complete this exploration, the Taetisn ~ |CA Workshop on Generalisation and Multiple Representatio
Web Feature Service (WFS-T) operations also require amexte August 20-21, 2004, Leicester'.

sion when used in combination with an MRDB but on the other
hand offer a great opportunity to handle update processes of
whole map series automatically through the web.

Kilpelainen, T. (1997), Multiple Representation and geatiea-
tion of geo-databases for topographic maps, PhD thesishFin
Geodetic Institute.

The actual research in the field of MRDB is mainly concenttate
on the use from the data providers’ point of view. But also the
data user might be interested in alternative representatid a

Lehto, L. (2002), Standards-Based Service Architecturd/fo-
bile Map Applications.jn ‘Proceedings of the 5th AGILE Con-

certain real world object and to select the most approprigpe fserencern_I(ggozg;agggczInforrggf%nlos’clence, Palma (Mailore
resentation. More representations also mean more infmat pain, Aprit 25-27, » PP- ek

related to a certain phenomenon. The user could have aaess{iier. J. Lagrange, J., Weibel, R. & Salge, F. (1995), &en
all these information from different data sources, as aéeéhdata alization: State of the art and issuds,J. Milller, J. Lagrange

are linked to the object of interest. & R. Weibel, eds, ‘GIS and Generalization’, Taylor & Francis

Our future work will concentrate on further analysing theetn PP 3-17.

Lag::dss?[fo t:fte(z(cj;%ﬂ::ct?gnmﬁzlezstoorgqigvsyr:u;[t(i)r find ci)g:] theOGC (2003), OpenGIS Web Services Architecture, OGC Discus-
data. The OGC WMS will be extended to enable the possibil-Slon Paper OGC 03-025, Open Geospatial Consortium.
ity of multiresolution maps or different map layers of attative ~ OGC (200%), Filter Encoding Implementation Specification
representations. Geometric and topological problems tabe  (Filter), OGC Implementation Specification OGC 04-095, ®pe
taken into account as well when combining different objesbr  Geospatial Consortium.
lution in the same map. Moreover the possibilities from tatad
user’s point of view will be further examined. OGC (200%), Web Feature Service Implementation Secification
(WFS), OGC Implementation Specification OGC 04-94, Open
Geospatial Consortium.
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