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Abstract present some future works and conclude in Section 4.

With the proliferation of GIS data and resources over the 2 Building a GIS web-based mediation engine
Internet, there is an increasing demand for robust geospa-

tial information services that allow interoperation of mas
sive repositories of heterogeneous spatial data and meta-
data. The purpose of this paper is to show how mediation - \yhen using a mediation system, data remain at the lo-
a data integration technique - can help in building a trans- 5| sources and is accessed at query time. Integrating data
parent Web-based access to geospatial data. The mediatog, ,ces consists mainly in de ning a global schema that
virtually creates hyperlinks between its global schema and jtegrates local schemas. The link between objects from
local sources ones. This technique has been fully imple-goha) and local sources is de ned in using mapping rules.
mented in the context of a geographic mediation/wrapper p query is posed against the global schema provided by the
system that provides an integrated view of the data togethermegiator, and is rewritten into local queries that are sent
with a spatial query language. to sources that are available at query time. Access to local
sources is done through wrappers.There are two methods
that are commonly used to build the global schema: the
GAV (Global As View) approach [20, 21], and the LAV
(Local As View) approach [9, 11, 13]. In the former, the

With the widespread use of commercial or open sourcesglobal schema is a view over local sources, while in the lat-
GIS, amount of spatial data has grown exponentially. The ter, each local source is a view over a global schema, or
creation of internet made these resources available on thé@ntology. Query rewriting is easier using GAV, but adding
web, but unable to communicate with each other. Interoper-Or removing a source requires a modi cation of the global
ability of these sources is a challenging task, since many ge Schema. In using LAV, adding or removing a data source
ographic applications can be accessed from a web browserS €asier, but the query rewriting process is complicated.
or even a cellular phone. To ensure interoperability, we Since it is highly exible, and always provide fresh data,
developed a GIS mediation system. Typical mediation ap-We followed a LAV approach to build the VirGIS mediation
proaches are data-driven and do not address the problem ofystem [3] whose main characteristics are as follows:

2.1. Mediation Approach

1. Introduction

integrating query capabilities. However, the exploitatid
available query capabilities is critical to a geographidme
ation system. Geographic languages provided by a GIS usu-
ally express spatial selections, metric or topologicatmpse
allocations, etc. in addition to standard data manipufatio
such as those performed by SQL [19], and are usually im-
plemented as ad-hoc functions with respect to a speci ¢ data
representation and indices. These query capabilities may b
available partially or totally at some of the integratedadat
sources. Also, similar operators may not be semantically
equivalent at two different sources. The paper is organized
as follows: Section 2 presents our mediation system. Sec-
tion 3 describes concrete application scenarios. Finaly,

VirGIS provides a transparent non-materialized inte-
grated view of geographic data.

VirGIS uses GML [14] as an internal format to rep-
resent, manipulate, and exchange geographic informa-
tion.

VirGIS relies on GQuery, a spatial XML query lan-
guage based that we developed.

VirGIS exploits querying capabilities available at in-
tegrated GIS, and extends them with local capabilities
when the needed capability is missing at the source but
available locally [3].



VirGIS accesses integrated GIS features and query caspatial operators provided by the underlying GIS. But their
pabilities via Web Feature Servers (WFS) [15]. Geo- expressive power may not be equivalentto SQL or XQuery,
graphic queries are expressed either with GQuery, orand it is not easy to write and read these queries. Moreover,
via a WFS query expression. WEFS does not allow joins from two distinct GIS: hence we
need a query language, so we developed GQuery, a spatial
i X ) guery language. When a spatial operator is not available at
tions [17] that are being adopted by major GIS vendors a GIS data source, it can be applied over the GML docu-
[5, 10]. ment obtained from a data source through its WFS server.

The VirGIS system is mainly composed of three layers YWhen executing a join between two GIS, we only need to
(from top to bottom): a GIS mediator, Web Feature Serversjoin two GML documents retrieved by the two local WFS
(WFS) and data sources. In the sequel, we describe each oervers: this is much more comfortable in case of heteroge-

VirGIS complies with recent OGC standard speci ca-

these layers. neous data integration. In the VirGIS prototype, the WFS
servers play the role of wrappers. Indeed they ensure the
2.2. WFS Layer transformation from the mediator data model to the sources

ones and vice-versa. The WFS layer is in charge of ma-
dupulating the data sources: it receives requests from the
mediator, executes them, and returns the results.

Web Feature Servers can be seen as web services de
icated to geospatial domain. Whatever the formats of the
data sources could be, they allow operations on geographic o .
features using HTTP queries. The data storage used to storg'?" Mediation Engine

eographic features is totally opaque to client applicetio . . .
geograp y opaq bp The GIS Mediator is composed of a set of modules as il-

and their only view of the data is through the WFS inter- g . .

face. Web Feature Service interfaces allow geographic data{UStrat?d in Figure 2. Each of_thosg r_’nodules IS dedlcate_d 0
extraction that is returned to the user as a GML document® SP€¢! € task. The GI_S me(_Jhator 'S N charge of an_alyzmg
(Figure 2 shows the client interacting with the WFS inter- GQuery expressions, including various transformatioas th

face). AWFS request consists of a query description or data'm./OI\t/.e (metazjscf:_(;tma |$]format|on,tperfogm|ng some op.t|-
transformation operations that should be applied to one ormizations, and sphtting the query Into Sub-queries, Pessi

more features. The request is issued by the client and isthem to the right WFS for execution. The main compo-

posted to a Web server via HTTP. The WFS is invoked to nents of the GIS mediator are: The WFS interface receives

service the request that may combine operations de ned in2 request that is an XML encoding of (a subset of) a SQL

the WFS speci cation. The WFS reads and executes the“ke query language derived from the OpenGIS CQL (Cat-

request and returns an answer to the user as a GML docu‘-"“%‘g Qu?ry I;(arr\gua}gﬁ). T\ZIir:?quistr IS tihenn itranIatrid mtod
ment. As an example, GetFeature operation allows feature® Query expression, a S EXpression 1S decompose

: : and rewritten. This module turns the VirGIS system into a
retrieval. Figure 1 (a) (http query) and (b) (XML program) . S
below illustrates WFS queries. WEFS-enabled server, as any WFS compliant application is

able to query the global database schema we provide.

(a) . WFS client GML Result
http://www.someserver.com/wfs.cgi? - I . ~
service=WFS&version=1.0.0 . J ! I

Global virtual schema-+ 4 ~
&request=GetFeature&typename=TOWN ‘ WES Interface

(b) L
<?xmlversion="1.0"?> Mediation System
<GetFeature version="1.0.0"

service="WFS"> IS

<Query typeName="TOWN"/>

P / .
/// / \A
</GetFeature> WFS V\;FS WFS
Rk RS

Figure 1. WFS Queries. Localschemas ¢ | | S1 ~ S2 ' Sn |
I N N4 NS

AN /

In both cases, HTTP URLs or XML encoded WFS re-
guests can express creation, deletion, selection andaipdat Figure 2. VirGIS Architecture.
of features based on spatial and non-spatial constraints.
When accessing a source in using WFS, one may execute The Mapping module uses integrated schema (meta) in-



formation in order to express user queries in terms of lo- 3. Illustrating Examples
cal source schemas. Each mapping rule expresses a corre-

spondence between global schema features and local ones. A \jrGIS prototype has been implemented in Java and is

Those correspondences are speci ed in using path-to-path,gsted in the Tomcat [7] servlet container. GQuery module
mappings as explained in [6]. Note that conditions and ag- js pased on Qexo [2]; spatial operators provided by GQuery
gregations (like topological operators) are used to descri  gre drawn from the Java Topology Suite [22], while the
local sources contents and capabilities. The Decomposiygs implementation is provided by the Geoserver Project
tion/Rewrite module exploits information about source fea [8]. As of today, WFS is available for Oracle Spatial [4],
ture types and source capabilities to generate an executiolpgsig|s [18] or shape le [5] data sources. The user inter-
plan. A global GQuery expression is used as a containeriace consists of set of JSP pages and an applet for commu-

(place-holder) for collecting and integrating results @gn  pjicating with the mediator.
from local data sources. The Execution module processes

sub-queries contained in the execution plan it receives in . . R

! , 3.1, ri nd Visualization
sending them to the appropriate WFS. Note that sub—querles3 Queries and Visualizatio
(according to their type) are executed either by the WFS o .
Query engine or the GQuery engine. For example, queries The end?user of the mediation system does not deal Wlth
that require an operator that is not available at any of thethe underlying Ianguage_s and technologies. Because nelt_he
integrated data sources is processed by the GQuery enginé/.\”:S nor GQuery queries are easy to_ EXPress for a naive
The Composition module treats the nal answer to delete US€T, We designed a high-level user-friendly interface tha
the duplicated answers, etc. It produces a GML document/l0Ws manual query edition. Basically, the user query in-

which is returned to the client. The nal GML document terface is divided in four zones (see Figure 4). The set of

can be translated into any graphical format. Indeed, we arefunctions including zoom, pan, reset, area selection and de

using SVG [10, 23] and ESRI shape les, but we could also _tails about se_lected features are standard functions for an
generate Adobe PDF (e.g., in using Apache/FOP) or anymterface_dedmated to map ma_nlpL_JIatlon (zone 1)._ They
other format with an ad-hoc translator. The Source Manager®'© reéquired whatever the application could be. Filtering
module is in charge of collecting information from the WFS attributes of global schema features IS posglble using a_set
sources. It builds the con guration les for the integrated of buttons and text areas (zone 2). Th's_ attributes sehectl.o
(global) schema and sources capabilities information- Vir area can be adaptative W'th autom_atlc interface ggnera‘uon
GIS is WFS compliant. This characteristic provides ex- using an XML con guratlon le as in [1]. Layers infor-
ibility, and one can imagine building some kind of "WFS mations are ava_llgble in zone 3, while zone 4 lets the user
network”, as shown in Figure 3. From three existing WFS choose the rewriting language.

compliant mediators (number 1, 2 and 3), a new mediator
is added (number 4). This mediator integrates data from its
own datasources (S41 to S4n), from mediator 1, and from
mediator 5. This means that any tool that "speaks” WFS
can be plugged into of the system.

4

! |

Figure 4. VirGIS Query Interface.

The interface presented in Figure 4 was used for our rst
application scenario (each orange and blue polygons rep-
resent a satellite snapshot). A user query is very intuitive
users graphically choose the region they are interested in,
and then specify some values such as dates (of rst and last
shapshot), sun elevation, and name of the satellite (aecord

Figure 3. Cascading WFS Architecture.



ing to the VirGIS schema detailed in section 3.2). With ge-
ographic features having more than three or four attributes
this interface becomes confusing. Then, the choice of at-
tributes and spatial operators is not easy any more. Editing
conditions expressed on the attributes of geographic fea-
tures must evolve automatically, according to the global
schema. We are still working on how selecting as easily
as possible attributes values, and linking features with-co
parison or spatial operators. Using a graph representation
where objects are nodes and edges are operators can help
the user in building such a query. Figure 5 shows the graph-
ical representation of a query that selects roads crossing
zips regions having an area greater than 200 and contain-
ing rivers longer than 5.

Figure 6. Satellite Schemas.

Figure 5. Graphical Query Editing. string, satid:string, url:  string

geom:Polygon)  Processing this query may require a

A translation step from this graph representation to the : : X )
uery language used internally by the mediator is necessar)}remendous effort, and is practically unfeasible because:
9 data sets collected by satellites are quite large and it is

and is still a work in progress. Moreover, the user interface . . .
) Lo . : . impractical for a user to examine the complete data sets.
plays a crucial role for highlighting pertinent informatio : o
. ; . ) each catalogue has its own organization and ontology,
It makes the graphical rendering uniform according to users

which leads to well known semantic interoperability
preferences from the raw data extracted from sources. problems

a user has usually access to only one catalogue at a time,
generally in using a browsing system, because there is
no integrated system that provides (transparent) access to
This application can be accessed and tested online, usmultiple catalogues.
ing the VirGIS web site [12]. The scenario involves the Query processing is performed in three phases. The rst
integration of satellite images catalogues. Figure 6 be-phase consists in mapping the global query to local virtual
low illustrates a subset of schemas drawn from SPOT andWFS queries. The second phase is performed by the
IKONOS catalogues, and the VirGIS mediated schema.Decomposition and Rewrite module that is in charge of
Table QUICKLOOK refers to a sample of small images generating an execution plan. In the third phase, WFS
called quick looks that give an overview of satellite images queries are sent to data sources, while GQuery expressions
supplied in the catalogue. are executed by the GQuery processor. A click on a
As an example, consider the following query: Given a geographic feature in the resulting map opens a pop-up
spatial location (e.g., Corsica) return all satellite irreg window containing all the attributes with their values. In
supplied by SPOT and IKONOS, between 2001 and 2004.this new window is also available a picture of the area
The query is posed against the VIRGIS schema below: represented on the map by a polygon. This photography has
VIRGIS(id: string, date: date, a standard format like JPEG or SVG; it may be extracted
sun _elevation: numeric, name: from a picture dataset, or returned by a WMS query [16].

3.2. Interoperating catalogues of satellites images



3.3. Integrating Florida Thematic Maps between features using comparison operators and spatial

operators; nally we send the query. Once the query is

This example illustrates vertical and horizontal integra- translated, we obtain the following GQuery expression:
tion of three thematic maps. Maps relates to zip codes,for $x in document("roads”), $y in doc-

roads, and rivers of a small part of south Florida, as illus- Ument("zips”), $z in document("rivers")
trated in Figure 7. where area($y) > 200 and contain($y,$z)

and length($z) > 5 and intersect($x,$y)
and within($x,selected zone) return $x

This query is decomposed and executed as explained in
section 2.3. We rst obtain the following possible executio
plan:

Figure 7. Florida Area of Interest.

This example shows how the mediation engine can be
used to solve the problem of horizontal and vertical inte-
gration. Horizontal integration occurs when dealing with
complementary datasources. West and east zips regions
are stored in two distinct PostGIS databases. Zip codes
regions have attributes NAME, AREA, and GEOMETRY
of type polygon. Vertical integration concerns overlagpin
datasources. We have two sets of features, corresponding
to North and South highways. A small subset is shared by
each group. Highways have attributes NAME, LENGTH
and GEOMETRY of type line. Highways are also stored
in two PostGIS databases. Finally, the third datasource
contains geographic features representing rivers is étore
as an ESRI shape le: the WFS we used [8] can manage
different types of sources. Rivers have attributes NAME,
LENGTH and GEOMETRY of type line. A typical
guery could be: Retrieve all roads inside a region whose
bounding box is (-82.64, 24.54), (-80.03, 27.47), that
crosses postal regions having an area greater than 200
and containing rivers longer than 5. To submit this query
to our system we proceed as follows: rst, we select an
area on the map; then, we graphically select relationships

WFS Query : Resultin le zipl.gml
<GetFeature><QuerytypeName="zips">
<gc:Filter><ogc:PropertylsEqualTo>
<ogc:PropertyName>
area</ogc:PropertyName>
<ogc:Literal>200</ogc:Literal>
</ogc:PropertylsEqualTo>
</ogc:Filter></Query></GetFeature>

WES Query : Resultin le riversl.gml
<GetFeature><QuerytypeName="rivers">
<ogc:Filter><ogc:PropertylsEqualTo>
<ogc:PropertyName>length
</ogc:PropertyName>
<ogc:Literal>5</ogc:Literal>
</ogc:PropertylsEqualTo>
</ogc:Filter></Query></GetFeature>

GQuery : Resultin le zips2.gml
for $y in document("zipsl.gml"),
$z in document("rivers1l.gml")
where contain($y,$z)

return $y

WFS Query : Resultin le roadsl.gml
<GetFeature><QuerytypeName="roads">
<ogc:Filter><ogc:Within>
<ogc:PropertyName>geom
</ogc:PropertyName><gml:Box>
<gml:coordinates>-82.64,24.54 -
80.03,27.47 </gml:coordinates>
</gml:Box></ogc:Within>
</ogc:Filter></Query></GetFeature>

GQuery : Resultin le roads2.gml
for $x in document("roadsl.gml"),
$y in document("zips2.gml")
where intersect($x,$y)

return $x



This plan results in a GML le (roads2.gml) that can be
converted either to a well-known format (e.g., shape le or
SVG) or speci cally processed in order to accommodate
special devices (PDA, cell phones, etc.). All manuscripts
must be in English.

4. Conclusion

Mediation is a suitable technique for querying hetero-

geneous and distributed geographic data sources. In this[m

paper we described a mediation system that illustrated its
use in the context of two GIS applications. The technical

choices we made address effective interoperability needs
expressed by the GIS community. We believe that we do

have a piece of software that may be used as a basis for on{20]

line Geo-services and unifying several data-sources under
a unique view. Future research should include automatic

schema matching, for automatically adding and removing [21
data sources. Regarding prototype demos, we are currently

developing a mobile client for the VirGIS prototype. This
software is dedicated to mobile devices like PDA.
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