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ABSTRACT: In the frame of the partnership between the DIIAR department of Politecnico di
Milano and the CAAM Consortium, the DIIAR has been working in the past three years in
order to re-structure the CAAM GIS database according to the rules of the relational model.
Such an operation was needed because the data had been simply stored as a collection of files
with no relationships defined between the entities of the GIS layers. At the moment most of the
work has been completed, and it is now possible for the CAAM staff to exploit the territorial
information contained in the database to accomplish most of the task requested in their everyday
work. The database can now also be used for other interesting applications. For example, it is
possible to assess the impact of the construction of a large road infrastructure on the territory of
the towns which are part of the CAAM. This is being done at the moment with the data
regarding the Pedemontana motorway project, also obtaining 3D visualizations of the areas
most affected by the new road course.
1 INTRODUCTION – THE CAAM GEOGRAPHICAL INFORMATION SYSTEM
Since 2005 the DIIAR Department at Politecnico di Milano started a partnership with the
CAAM Consortium (Consorzio Area Alto Milanese) concerning its Geographic Information
System (GIS). The CAAM is a Consortium of public administrations that operates in the
northern area of the city of Milan. It supplies several services addressed to citizens, enterprises
and public administrations, contributing to the development of the territory. In Figure 1 the
group of local administrations included in the CAAM basin are shown.

Figure 1. The CAAM basin, in the northern part of Italy.

The CAAM provides counter services regarding job offer, territorial marketing and building
construction files (this service, known as the “Unified Desk”, has been open until recently). Due

to its assets, covering different subjects and different local administrations, the CAAM handles
a large number of different datasets. The reason that pushed the Consortium to start the
partnership with PoliMi can be easily explained as follows: the Consortium already had its data
collected into a GIS, but had also realized that the information was not well organised, so the
DIIAR was asked to re-structure the whole Information System. In particular the cartographic
data were not in the format of a modern database, which must contain topology information and
be designed following the rules of relational databases or object-oriented databases. Instead, in
the digital archive there were many layers, most of them produced in AutoCAD® format, they
were not organised according to any structure, and several layers were coming from different
sources: for example, usually for each local administration both the local base map and the
cadastral data were present and those data often were not consistent. In addition to the problems
related to cartographic data, the Consortium also had to manage its own administrative data,
concerning for example the territorial marketing activities and the building construction files.
As a first step, an analysis of the actual conditions of the GIS was performed, in particular the
attention was focused on the town boundaries as archived in the CAAM GIS data. Again, there
was no agreement between cadastral data, local base maps and even with the Regional base
map: analysing the local base maps it was seen that some territories appeared to belong to two
local administrations at the same time, or it could happen that portions of land corresponded to a
situation of “no man land”. This happened because each layer had been produced
independently, without any cross-check with neighbouring administrations. To overcome such
problems Regione Lombardia (a County-like organism) is at the moment promoting public
announcements to co-finance the production of databases with georeferenced and topologically
structured data (Italian acronym DBT), according to appropriate specifications that have been
issued (Regione Lombardia 2006). In the mainframe of these public announcements the
collaboration between CAAM and DIIAR has been led in parallel along three different ways:
− to provide CAAM with corrected layers in a short time, many of them have been verified and
transformed into a topologically structured Database;
− to overcome the problems arising from the different sources of the base maps, the
participation of CAAM to the public announcements issued by Regione Lombardia has been
supported, presenting the Consortium as the leader of an aggregation of public
administrations;
− to properly design the GIS, the relational database principles have been exploited and the
Entity Relationship Diagram (ERD) for the database has been designed and implemented
(Carrion et al. 2008).
2 THE RE-STRUCTURED CAAM GIS
A strong co-operation was experienced between the PoliMi team and the CAAM staff while
carrying on all the three work lines in parallel. The activities resulted in completing the restructuring of the CAAM database (at least over quite large test areas such as a whole city
territory) for the following information layers (that have been included in the revised CAAM
GIS):
− land use plan, from each local administration;
− town boundaries, from the Regional base map, to overcome the problem of incoherency
between different maps, while waiting for the new cartography to be produced after the
public announcements;
− cadastral parcels, essential for territorial marketing;
− territorial marketing polygons, corresponding to the areas singled out as suitable for
promotion;
− Unified desk areas, corresponding to Unified Desk documents that are work in progress;
− buildings, extracted from the base maps;
− road graph.
For all these layers no relationships between entities had been implemented before the
reorganisation of the GIS, and no metadata had been included. The GIS has been implemented

in ArcView® 9.2 and the format chosen for the data is the shapefile. Two criteria were followed
in parallel.
− The pre-existing condition of the CAAM digital archive has been considered, upgrading the
Autocad® files and designing an ERD, to provide CAAM with a useful decision support tool
in a short time; the Autocad® data have been transformed into shapefile format taking
particular care of the topology; then the ERD has been improved to include layers coming
from the new DBT, and supplied by local administrations participating to the public
announcements (Carrion et al. 2008).
− Besides, an experience was also developed in organizing the data in the ESRI® GeoDataBase
format. This format allows to implement the relationships directly in itself, which is possible
thanks to the ArcInfo® tools: in this way the portability and interoperability of the system is
guaranteed, because by transferring the geodatabase one transfers not only the data, but also
the database structure.
Metadata are a fundamental component of the database, so also this issue has been taken into
account: the metadata have been stored according to the ISO standards and edited using the
ArcCatalog® tools.
The new re-designed GIS has proven to be quite useful in helping the CAAM staff in
completing several tasks during their everyday work, but also as a decision support tool. In
other words, the database of the CAAM GIS can really be queried and used in an integrated
way, allowing to perform spatial data analysis to be exploited in several field of interest.
Examples of possible applications are the following:
− analysis of business or industrial settlement opportunities (which is an activity carried on by
the Geo-Marketing division of CAAM) such as selection of industrial buildings laying
within a given distance from a main road, selection of the roads on which such buildings are
located, identification of the zones of the Town-Planning Scheme on which such buildings
are located;
− 3D simulation of the impact on the territory of mobile phones antennas and estimation of the
total number of inhabitants involved in areas where one or more new antennas are going to
be installed;
− management of spatial information related to the realization of major infrastructures: spatial
location of road yards; monitoring of the work progress; network analysis on the road graph,
for the search of optimal routes when local traffic needs to be diverted due to the works.
In this paper we would like to focus on the last type of application, in particular for the case
of the “Autostrada Pedemontana” (“Pedemontana Motorway”), which is under way of being
constructed in the Northern part of Italy (North of Milan, on an East-West axis), crossing much
of the territory covered by the CAAM Consortium. The data base of the CAAM GIS gives the
opportunity to act in two different ways: on the one hand, to exploit the CAAM data, with data
coming from several other sources, to start a WebGIS Service both to monitor the progress of
the work and to find alternative routes while the construction sites block the existing ones; on
the other hand, to assess the impact of the motorway construction also by means of 3D
representations of the territory.
3 A WEBGIS FOR THE “PEDEMONTANA” MOTORWAY PROJECT
The area involved in the making of the “Pedemontana” motorway is highly urbanised, so the
effects of the construction sites on the population and on the road network will be remarkable,
in particular because the plan includes existing and busy roads. The CAAM territory is involved
in this project, so the Consortium is developing, always with the DIIAR support, the idea of a
WebGIS service based on an up-to-date database to keep the population and the public
administrations informed about the work in progress. To reach this aim a set of services is being
planned and particular attention has been addressed to the updating of the cartographic database,
based on the building and cadastral files. The information represented by the datasets coming
from all the actors involved will be integrated to give an outlook on the construction progress as
broad and updated as possible.

Figure 2. The “Pedemontana” project in Lombardia (Italy).

A conceptual scheme of the use of DBT in the frame of a WebGIS service for the
Pedemontana project is shown in Figure 3. One important point which is highlighted in the
Figure is the fact that during the input process data will have to be harmonized, to guarantee
their integrated usability in the Information System and also to enable for future data
interoperability.

Figure 3. The WebGIS service scheme.

In order to supply geo-information services by the time when the Pedemontana construction
sites will be started (scheduled in 2010) it is necessary to begin from now to design and
implement a GIS for which the database must cover the whole territory regarding the
Pedemontana, and not only the areas of the local administrations which form the CAAM.
The GIS is planned to become the central node of a complex System in which data will flow
coming from several heterogeneous sources. The data will in general represent information on
the development of the motorway construction, and will be distributed to citizens, enterprises
and public administrations, obviously according to which data may be relevant or of interest to
each of them.
To obtain the “Pedemontana” GIS it will not be sufficient to enlarge the territorial extent of
the CAAM GIS. It will also be necessary to re-design parts of the System in order to guarantee
an effective use of the services that have been planned. As a first step, all the cartographic data
must be collected, and they must be referenced to a unique coordinate frame. The fundamental
“priority layers” must be defined, such as road data and building data. Then, the relevant
thematic and administrative data must be defined, together with the relationships between these
entities and the georeferenced entities of the “priority layers”. Finally, the data and relationships
will have to be archived in the GIS, implementing the System.
In order to allow the users (citizens, enterprises and public administrations) of the System to
visualize, query or download the data, a geo-portal will be implemented for the access to the
WebGIS services. In the following, as an example, we list three of the services which will be
available.
3.1 WebGIS on status of work in progress
The infrastructure is scheduled to be completed in about five years time; during this period
the construction sites will be constantly monitored. Accessing the geo-portal it will be possible
to know the status and the progress of the works on the territory of the towns crossed by the
motorway. Thanks to the temporal component of the data, historical territorial information will
also be archived, allowing the portal users to navigate not only spatial but also temporal data.
3.2 WebGIS of road network graph upgrading
The GIS layer on which the infrastructure construction will have the largest impact will be of
course the one containing road data. The constant upgrade of the road graph map with the arcs
interested by the construction sites and the new arcs that will be realized will allow to provide
geo-localization services with the possibility to search for optimal routes between two points on
the graph. The quality and upgrading of the data will represent a significant improvement, as
compared to the services provided by commercial operators (Viamichelin, Mappy, Google
maps).
3.3 Real time communication of information on mobility
In the frame of the concept of info-mobility, it is possible to envisage a series of services of
real time communication of information to all the users of the road network in the area of
interest.
4 3D VISUALIZATION FOR THE “PEDEMONTANA” PROJECT
As we have made clear by the above examples, in this project a fundamental role will be played
by the possibility to immediately communicate territorial information.
Besides, thanks to the data represented by the geometry of some layers of the GIS (entities
such as buildings and the projected lay-out of the Pedemontana motorway), it is already now
possible to obtain 3D visualizations of the area of interest, which allow for a realistic view of
the elements of the territory and of the impact of the new infrastructure construction on them.
To make the access and usage of 3D data easier, it has been decided to provide towns
administrations and citizens with XML files with the data regarding a strip of territory around

the route of the Pedemontana. In this way, it will be possible for anybody to explore the
information concerning the infrastructure project (and future realization) for example just using
Google Earth images.

Figure 4. A 3D visualization in Google Earth of the impact of Pedemontana on the territory of Desio.

5 CONCLUSIONS
In this paper an application of Urban Data for the assessment of the impact of a large road
infrastructure (“Pedemontana motorway”) project on a territory in Northern Italy and for the
monitoring of the realization of the infrastructure itself has been presented. The application is
based on the data archive of the GIS in use by the CAAM Consortium of public administrations
(in the area north of the city of Milan) which supplies services addressed to citizens, city
officers and enterprises, contributing to the development of the territory.
The “Pedemontana” construction will span over several years and will have a strong impact
on the territory, which is highly urbanised, especially regarding the local road network. A
WebGIS System and 3D visualizations have been planned to allow citizens and local
administrations to keep an eye on the work in progress, according to the modern Web-based
cartographic services.
Apart from the particular application for the “Pedemontana” project, we would like to make
two final remarks on the work which had to be done on the existing digital data archive used by
the CAAM
The first remark regards the fact that the CAAM digital data, before the re-structuring
actions, represented a typical case of an archive of information collected without any planning
or arrangement, that needed to be organised to be useful as a decision support. To reach this
goal, the existing layers have been edited when necessary and structured into a relational
database to provide CAAM with an Information System to manage their usual counter services
activities, such as job offers, territorial marketing and building construction files.
The second remark concerns the partnership with the CAAM Consortium, which proved to be
an interesting occasion to study problems related to a Geographic Information System that
involves data coming from different local administrations. The project gave the opportunity to
consider not only the usual issues concerning large scale cartography in use by local
administrations (e.g. the agreement between local base maps and cadastral maps), but also
problems related to the agreement between data covering neighbouring territories.
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