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Abstract

A key preliminary requirement for data interoperability in the ficld of geographical infor-
mation systems is to understand which data arc available and to which degree they can be
used for the specific aim one is targeting.

In this paper we describe, focnsing mainly on interaction and publication services, the de-
sign and development of the prototype of a system addressing the need of sharing and reunsing
geographical data and whose development was promoted by AIPA, the italian Authority for
Informatics in Public Administration.

Highlights of the system are its support for end-users browsing through metadata deserib-
ing territorial information, both at a geometric and at a textnal level, and the presence of
antomatic mechanisms to signal and dispatch to end-users nupdates to territorial data known
to the aystem.

Keywords: geographical information systems, data interoperability, information systems inte-
gration, federated databases, inter-organization cooperation.

1 Introduction

Managing any given portion of territory is usually a complex task for any Public Administration.
This is partly duc to the intrinsic complexity of geographical information and partly to the need
of sharing and rcusing databascs and information flows.

It has been a usual practice in the past, at least in Ttaly, to autonomously develop, from
cvery (public and private) organization interested to some aspect of land management, its own
information systems. Since cvery such an cffort was targeted at its immediate requirements, the
possibility of rcusing and for sharing geographical data was almost impossible. This resulted in
a great waste of resources, above at all when confronted with the large increase in power and



gophistication of computational rcsources available in recent years. Also, it was apparent that
a major obstacle to rcuse was the lacking of a common ?geographical reference layer” to which
homogencously corrclate all kinds of geographical information.

Henee, by initiative of the italian Authority for Informatics in the Public Administration
(AIPA), a rescarch and development project (SCT — “Sistema di Comunicazione di Dati Terri-
toriali”) was started to investigate mechanisms to allow lowering of costs related to geographical
information systems development and maintenance and to cnable a truc rcuse of geographical
data by many users and many organizations.

The design and prototyping of SCT was carricd out by a consortium led by Telecom Italia and
comprising threc more large companics (namely, ESRI, Finsicl and IBM). Such a project is one
of the steps taken by AIPA in the joint cooperation framework! with the Region Association
and the Municipality Association for coordinating cfforts related to geographical information
gystems.

The main objective of SCT is to certify the cxistence of territorial data, to publish and to
distribute them in public organizations. In this way geographical database production process
is strcamlined and improved in two ways:

e territorial data alrcady awailable at public administrations can be rcused, due to the fact
that coherent documentation is available and support for a reuse/develop cost-benefit
analysis is available,

¢ a ‘mediating place’ among local and central administrations for the cooperative develop-
ment of new geographical databases, when cexisting oncs are not reusable, is sct up.

Given that the acquisition cost for territorial data is much higher than the management and
procesging costs, saving moncy from the acquisition process make more resources available for
cnd-uscrs application development.

SCT certifics cxistence, completencss and coherence of geographical data and their related doc-
umentation, while cach involved administration, certifics reliability of data they provide. Their
certification is related to the administrative processcs for which data have been acquired (e.g.,
taxation on rcal cstates). Reliability mceans, in this context, data quality, legal valuc of data,
and validation of the data production process.

At high level, SCT may be described as a sct of distributed processes connecting a sct
of providers and cnd-uscrs of territorial data and providing publication and access services to
territorial data known to the system itsclf. By means of these processes then SCT allows to
certify:

¢ the cxistence of territorial data at provider sites,

¢ the usc, at cnd-usecrs sites, of territorial data retricved by means of the system itsclf.

SCT’s scrvices allow administrations to got information they need to decide, on the basis of their
own criteria, technical and cconomical feasibility of the use of territorial data available through
SCT within administrative processcs internal to the administration itsclf.

In such a way SCT supports cooperation among administrations to build territorial informa-
tion bascs focused on specific sectors (¢.g., transportation) with considerable saving of resources.

Key architectural aspects of SCT arc:

'Namely, “Intesa Stato-Regioni-Enti Locali per la Realizzazione dei Sistemi Informatici Ceografici di interesse
generale”.



the description of geographical data through metadata,
¢ mcchaniams for data geo-referencing and certification,
¢ the definition of providers and end-uscrs of geographical data,

¢ the definition and supply of data and scrvice flows between providers and end-users.

Intcropcerability has been a subject of database rescarch gince a long time, with a variable level
of attention. In the last years, given the unavoidable issuc of legacy systems and the explosion
of nctwork connectivity, its rclevance has again incrcased (e.g., sce the recent special issue [15]).
Products allowing to deal with data access to hcterogencous information sources arc being
provided by all the major DBMS vendors [15] and novel approaches arc being prototyped by
universitics (c.g., [13]). The whole arca of information systems integration is a highly rescarched
topic [9], with the goal of allowing uscrs to make an cffective use of the wealth of data casily
rcachable through communication networks.

A recent scrics of workshops on engincering federated databasc systems and information
systems [6, 7, 8] has pointed out that onc of the open rescarch issucs in this arca is the integration
of legacy databascs in a federation of autonomous heterogencous information systems and the
ability of maintaining coherence of information representation during evolution over time of the
aystema involved in the federation.

Onc widely followed approach to mect the above discussed goal is based on the design of a
suitable Data Warchousce [10, 14, 16] and it is widely known that data intcgration is at the heart
of data warchousing [11, 12].

We have addressed the data interoperability issuc within a general approach focused on
dircet inter-organization cooperation and have developed an new architectural approach aiming
at this target [1]. An cxample of a large-scale system designed according to this approach is
discussed in [2].

The paper is structurced as it follows. In Section 2 we review how territorial data arc described
in SCT. Scction 3 describes publication scrviccs of the system, while Section 4 sketches samples
of end-uscr interaction. SCT’s exchange services are deseribed in Scction 5. Section 6 concludes
the paper. More details on system architecture and metadata organization can be found in [3].

2 The description and geo-referencing of territorial data

Dcfinition of geo-referencing of territorial data in SCT has been based on the normalization
documents developed by the working group CEN TC 287 and on the national rules defined for
the implementation of the italian National Geo-referencing Network (“Rete di Appoggio plano-
altimetrica Nazionale”). Also, common technical specifications under development by the italian
National Technical Committee for the Coordination of Geographical Information Systems have
been taken into account.

Registered users wishing to make their territorial data available for distribution through SCT
have to give information needed to describe their data in the metadata base. This Geographical
Information Description (DIG = “Descrizione Informazione Geografica”) is a sct of mctadata
which have to be provided for cach homogencous sct of territorial data. Examples of homo-
gencous gct of territorial data are: ortho-photographics of land coverage of the Ministry of
Agriculture, meteorological charts of the Military Aviation Scrvice, utilitics network maps of a
Region. If such a sct has multiple thematic layers, that can be separately supplied (c.g., different



layers for different utilitics in a network utilitics map), then its DIG has to be further specified
to desceribe the various layers.

DIGs with different semantic characteristics but describing the same portion of land according
to a same geometric partition arc then grouped in clusters. Spatial and geometric characteristics
arc thus apecified only once for all DIGs in the same cluster. Finally, clusters are hicrarchically
structured according to thematic classes, predefined in SCT. Each DIG hence describes a se-
mantically homogencous sct of geographical data, that can be supplicd as a whole or in parts
(datascts). A dataset is therefore the atomic unit of supply by SCT to end-users. For example,
in a DI describing meteorological data recorded in various basc stations on the carth, a datasct
may refer to all data recorded at a specific station. For cach DIG the provider has also to give
a sct of vectorial data, giving (according to specifications below deseribed) geo-referencing and
cxtension of provided datasct(s); for DIG deseribing point data geo-refereneing is provided by
means of corrclation to points of the National Goo-referencing Network (sce below).

New DIGs arc inserted in metadata base by providing information required for a correct
cxccution of scarch mechanisms available in the publication subsystems of SCT. Required in-
formation is that on data quality, cost of supply, meaning (i.c., portion of reality represented),
and contract/price scheme for supply. It is also required to classify data with respect to a
act of classes for geographical data desceription specified by SCT’s Managing Agency. Optional
information regards schemes describing how data arce used in specific goographical information
aystems.

Certification of provided data its guarantecd by obtaining from the provider declarations about
data quality and, whenever it is possible, correlation betwoen provided datascts and the National
Geo-referencing Notwork. This latter constitutes the standard goo-reference for all datascts in
SCT.

Points of the National Geo-referencing Network are managed within SCT as other territorial
data: they arc datascts that can be provided to end-users. SCT metadata basc contains thercfore
DIGs for the National Geo-referencing Network and DIGs for local geo-referencing sub-networks
that arc cohcrent with the national one, whenever they cxist. To allow cend-uscrs to browse
and cxamine data in SCT while understanding what to sclect, points of the National Geo-
referencing Network arc frecly awvailable, for visualization and cross referencing with datasct to
bec downloaded, at a coarsc resolution level. Should the end-user need also a supply of these
points, this is managed as a normal cxchange flow between provider and end-user, subject to
standard supply conditions for that datasct.

Each DIG in the mctadata basc has a geo-referencing featurce associated, i.c. a datasct providing
localization on the territory for cach provided datasct relative to the DIG. Such a geo-referencing
featurc can be defined in different ways. A main one i8 to choose onc of the pre-defined geo-
referencing features. These arce those deseribing ad minjstrative boundarics (at national, regional,
provincial or municipality level) and those describing boundaries of the official land maps from
the National Survey Office (at 1:200.000, 1:100.000, and so on, scale). If nonc of the pre-defined
featurcs is able to correctly localize datascts rclative to that DI, than the potential provider
scends to the SCT Managing Agency a vectorial map, in absolute geographical coordinates, of the
cxtension of datasct(s). The Agency then cstablishes the geo-referencing association between
this vectorial map and the DIG and inscrts information into the mctadata basc.

Analogously, for cach provided datasct, the provider can specify a corrclation between the
datasct itsclf and at least threc points of the National Goo-referencing Network. On the ba-
gis of these corrclations SCT’s Managing Agency then cstablishes, using suitable geometrical
opcrations, a complete corrclation between dataset boundarics and points of the National Geo-



referencing Network.

The subsystem of SCT dealing with mctadata, beyond providing the above described functions
to end-users for loading new DIs, also manages service data, like the points of the National Geo-
referencing Network. Management and updating operations on the metadata base are direetly
under the responsibility of SCT’s Managing Agency.

3 Territorial data publication subsystem

The subsystem for territorial data publication cxccutes all proccsscs needed to register SCT's
uscrs and to publish available DI(Gs. This subsystem also manages query functions, accessed
through Internct and/or Intranct.

SCT publication services allow:

¢ to perform structured querics according to classification hicrarchics defined in the metadata
base: the results arc datasets whose DIGs satisfy query paramecters. These datascts can
be visualized and related information present in SCT can be examined to decide whether
there is good match with cnd-user requirements;

¢ to query in a free format by providing, like it happens for acarch cngine Internct sites,
keywords describing end-users nceds. As before, datascts whose DIGs contains the given
keywords arc return for end-user’s further scrutiny.

Providers and end-uscrs of geographical data need to register as users of SCT and provide their
identification information to be able to fully use all SCT services. A reduced sct of visualization
sorvices i8 guaranteed to anyonc accessing SCT through Internct.

Providers have to provide all information needed for a DIG insertion into mctadata base and
thosc required to activate data flows among a provider and end-uscrs.

Requests for registration are examined off-line by the SCT Managing Agency which, upon
approval of the request, send acccss keys to the user. In such a way a higher reliability level is
obtained for what regards data and patterns of their use.

An interesting sct of functions are those rclated to the management of use schemes. A usc
acheme deseribes a pattern of usc of a territorial datasct in terms of data type, geographical
cxtension, constraints on quality, cost. End-uscrs can retrieve data from SCT also on the base
of usc schemes they epecify, 2o to be surce not only that retricved data describe reality they
arc interested to, but also that such data are used exactly in the same kind of administrative
processes they are responsible for. Morcover, end-users can insert their customized use schemes
for geographical data, and this allows to SCT to collect statistics about usage of (actually present
ot yot to be acquired in the system) data.

Data published by SCT arc all thosc inscrted by a uscr:

¢ pcrsonal data of users;

¢ usc schemes for data (e.g., intended use, validity conditions, ...);
¢ supply conditions for data (c.g., costs, constraints on use, standard contract, ...);
¢ DIGs;

¢ geographical reference data for datascts: these are usually vectorial maps, needed for the
uscr to cxactly understand which part of the land a datasct refers to, defining:



— geographical extension of available datascts (c.g., the municipality boundary for the
roadmap of a public transportation scrvice);

— joint map for thosc datascts that can be supplicd also onc at a time (c.g., 2 map
showing the union of various cadastral maps, in the casc a cadastral map can be
supplied alonc as a datasct);

— geographical cxtensions specified by use schemes {c.g., 2 municipality boundary in a
usc scheme relative to waste collection local taxation process)

¢ optionally, cxamples of datascts (usually in form of images).

Scrvice data supporting publication scrvices are:

¢ points of the National Geo-referencing Network, needed for purposcs of localization during
browsing; these arc expressed at a reduced resolution level in the Gauss-Boaga coordinate
reference aystem, projected on a single reference zone for national data;

e various hicrarchics uscd for classification of DIGs according to the different semantics
characterizing territorial data;

¢ pre-defined use schemes: these are made up by a sct of data types and a sct of constraints
on data quality, cost, and geographical cxtension; usc schemes arc used during scarch
process to retricve data needed to end-users;

¢ uscrs defined usc scheme: these arce added during SCT opceration both by providers, for
those use schemes peculiar of data they provides, and by cnd-users, for those use achemes
referring to data not yet available in the system.

4 Interaction with SCT

As alrcady introduced the basic retricval query is through use schemes. Pre-defined usc schemcs,
prepared cither by SCT’s Managing Agency or by data providers, arc available in SCT. End-
uscrs registered as such can also insert and modify their own use schemes and adopt these for
the retrieval process. If desired data arc not currently available through SCT, the relevant use
acheme is used a8 a mechanism to activate a request for future supply.

To restrict a query to a given portion of land, end-uscrs can use anyonce of the territorial service

data available:

¢ points of the italian National Geo-referencing Networks,
¢ administrative boundarics at different hicrarchical levels from Regions to Municipalitics,

¢ boundarics of italian Official National Land Map partitions.

Sclection of the zonc of intercest can happen cither dircctly by drawing with a mousc on the screen
or by inserting name(s) of administrative entities or of official map partition sheet. During this
process it is always possible to switch back and forth between the point-and-click interaction
mode and the name-inscrtion mode. When browsing happens through sclection of points of
the National Geo-referencing Networks the arca sclected for the query is the convex hull of the
aclected points. Datasct sclection then happens by choosing all datascts whose arca intersect
such a convex hull and all datascts that have been geographically corrclated, when inserted into
SCT, to the sclected points.

An cxample of interaction with SCT is presented in figure 1, where it is shown a user sclecting
a DIG on the basis of ite geographical location. In figure 2 a subscquent sclection step, at finer
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Figurc 1: An example of DIG zsclection

resolution level, is shown. At the end of the sclection process (sce figure 3) the DIG of black &
white digital ortho-photo at average scale 1:40000 from the 1994 photo campaign is retricved.

Onec an end-user, by querying and browsing and visualizing in SCT, has acquired sufficicent
confidence in the utility of retricved data for its purposes, SCT exchange services can be activated
to cnable transferral of data from the provider to the end-uscr. Tt is erystal clear the importance
of this kind of extensive and accurate browsing functions to enable and support a truc exchange
and rcusc of territorial data.

SCT is, in fact, more than just a catalog of territorial data. It allows the exchange of geographical
information and foster the building of shared basc of knowledge relative to the use of geographical
data. Such a knowledge is based on schemes (or patterns) of use of data deelared by end-users
as wcll as by providers. Potcential cnd-uscers may browse through this knowledge basc and find
data most uscful to their purposes. At the same time they can discover how to usc data within
administrative processes they are responsible for. Also, this knowledge basc is the starting point
for planning and defining new geographical databascs.

Through the cooperation and the data cxchange supported by SCT it is thus possible to
reduce redundancy in territorial databascs and incrcasc synergy among different uses of the
game data item in different administrative processes, all referring to the same part of land.
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Figure 2: A fincr sclection step

5 Territorial data exchange subsystem

The usual sequence of steps activating a data cxchange is the following: first the end-user, in-
teracting with publication subsystem retrieves territorial data of interest; then, interacting with
the exchange subsystem, activates the supply request; finally, a supply contract is signed {clec-
tronically, if the corrcsponding infrastructure has been set up), payment is activated (through
clectronic mcans, if sct-up), and data arc sent.

The exchange subsystem then provides all services needed to run and manage data exchange
flows, including sccurity and accounting functions. In the following, various services arc discussed
in morec detail.

5.1 Transportation and interoperability services

This kind of services are the usual ones available on a data communication network: the only
peculiarity is the large quantity of data that may bc cxchanged. This of course requires a
bandwidth large cnough to reliably and cfficiently exceute the exchange process.

Onc morc peculiarity regards the relation between SCT and the Unified Network of the italian
Public Administration (RUPA) [5]. SCT is mainly dcvoted to public administration needs, hence
it is accessed through RUPA, but since it may be used also by private organizations {and this
is actually important to incrcasc its utility), it is also possible to access it through Internct or
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Figure 3: A DIG rctricved at the end of the sclection process

other nctworks connceted to Internct.

5.2 Base services

These arc functions cnsuring sccurity in acccss and transportation of data: cxamples arc tech-
niques for authentication and authorization, non-repudiation of transactions, confidentiality of
data cxchanges, certification of data integrity, and so on. Which oncs of these services are
nceded, and to which degree, it is mainly a matter regarding the organizational modcl that SCT
opcrations will have in the final deployment phasc.

5.3 Services for data exchange

A data supply flow ig fully sclf-identifiable, as it is the case for all service flows within SCT: this
mcans the flow itsclf contains all information nceded to completely identify destination of data,
datasct(s) cxchanged, requested service(s), data provider, and possible technical constraints on
data supply. This sclf-identification feature, naturally cnsured by the asynchronous approach
adopted as basic communication protocol in SCT, is absolutcly nceded to ensure a truc de-
coupling between end-uscrs, system, and providers, hence a more cfficient management of all
scrvices.

A data supply flow can be correctly exceuted, certified, and accounted only through a three-part



rclation: end-user, system, and provider. After an cnd-user has requested a datasct and such a
request has been sent to the provider, this prepares the flow according to a standard format and
cncapsulates datasct by mcans of an hcader allowing a correct management and routing of the
flow. After a flow has boen reccived by an end-user, this checks integrity and correetness of data
contained in it. When SCT reccives from the end-user the notification of the correct arrival of
the requested datasct, the system is able to certify the supply service.

Data cxchanged in a supply flow docs not nced to be in a standard file format. Instcad, cach
provider may usc the format best suited to its information gystem and to the tools used within
it. It is only the protocol used for the exchange that has to comply with a standard defined in
SCT and based on XML. Such a standard cnvisions mechanisms for the description of metadata
and for cncapsulating datasct in an hcader containing a standard sct of information items. For
more details on this aspect of SCT sce [3].

Also data needed for certification and accounting of cxchange flows arc encapsulated by
mcans of a standard hcader, predefined in SCT, containing all clements needed for these pur-
poscs.

Further scrvices of this subsystem allow to compress data, to clip portion of data according
to a given geographical boundary, to cxtract single data layers in a datasct, and to manage
update proccsses for datascts.

5.4 Services relative to the organizational model

The cxact organization of this kind of services will strictly depend on the way SCT will be
managed in the full operation phase. They are rolative to:

¢ documentation of scrvice information flows,

e cxtraction of accounting information from scrvice information flows,

¢ managemcent of accounting services, taking into considerations both quantitative and qual-
itative aspcects,

¢ possible management of c-commeree functions related to data exchange needs, and

¢ cost-bencfit analysis of usability of a geographical datasct.

Concerning the control of services supplied by SCT, a suitable sct of measurc paramcters has
been identified and conscquently processing functions have been implemented to allow to analyze
quality and consistency of:

¢ scrvices directly supplied by SCT,

¢ data and services supplied by providers,

exchange flows requested and cexceuted (both periodic and spot ones),
¢ accesses to publication services,

data requested to SCT but not yet available, and

declared use, by end-uscrs, of data obtained from cxchange flows.

5.5 Automatic distribution of updates

A critical issuc for cnsuring a truc success of data ecxchange services is the availability of moch-
anism to gignal and distribute updates to cach intercsted user, so that cach one reccives all and
only the really rclevant ones, whenever they are available.
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SCT has tackled this problem by letting the uscr itsclf decide and define exactly which
updates arc desired. A uscr accomplishes this by inscrting a usc scheme, which deseribes which
kind of geographical data arc of interest for the user, and which arc the constraints on data
quality, cost, and geographical extension, and by activating for such a use scheme the signaling
option. Paramecters that can be speeified for update receival are exactly the same, both textual
and geometric ones, used in the interaction with the publication subsystem to sclect and retrieve
rclevant geographical data. In such a way, among all updates in the system, all and only thosc
satisfying the activated usc scheme(s) will be sent to the user.

The mechanism chosen in the prototype to send updates is simply the delivery of c-mail
messages. This is at the same time very simple to implement and use and widely available
to everybody. In the full operation phasc further and more complex mechanisms can be im-
plemented, if neceded for particular kind of users. Also, with more sophisticated distribution
mechaniams it will be possible to implement also a policy for the automatic distribution of
updated datascts, and not only of updated mctadata.

6 Conclusions

We have presented and discussed in this paper SCT (“Sistema di Comunicazione di dati Terri-
toriali”) a prototypec designed and implemented in Italy in an cffort, coordinated by the italian
Authority for Informatics in Public Administration (AIPA), to incrcasc sharing and rcusc of
territorial data.

SCT is an innovation with respect to the current state of the art of available systems supporting
data intcroperability in geographical information systems duc to the unified modcl it featurcs
for:

data publishing,

sclection of relevant data for end-uscrs,

cost-benefit analysis,

data supply from providers to cnd-uscrs.

In such a way SCT overcomes and solves currcnt problems currently limiting a widely adoption of
data distribution mechanism for geographical information saystems in the public sector, namely:
¢ lack of primitive functions for sclecting data really relevant to end-uscrs,
¢ low support for cvaluating data quality,
¢ hard to cvaluate cost-bencfit analysis for reuse,
¢ scarce control on telematic data supply.

Duc to these problems it has many times happened in the past that data supply agrecments of
cpisodic naturc have distortedly become reference for the market.

Furthermore, SCT is a natural mediating place between territorial data providers and users and
in this way it scts up a framework for defining and enforcing a public policy in the sector. This
characteristic is not limited to the territorial data ficld, sinee the adopted techno-organizational
approach ig of gencral nature and ite services can be used to deal with publishing, managemaent
and cxchange of data in other relevant sectors for Public Administration [4].
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