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In 1992, the European Commission started the SCOPE project as part o f their
Advanced Transport Telematics Programme. A major task in this project
is to develop Strategic Information Systems for integrated traffic management.
In Cologne, one of'the cities supporting the SCO PE project, a strategic
information system has been built by integrating a Statistical Information
System (STATIS) with a Geographic Information System (GRADIS-GIS).
The article reports objectives, methods and results o f this project.

Traffic congestion, air and noise pollution
are common features of our modern way of
life. The traffic volume is increasing rapidly
with no sign of any slow down. The German
states of the former GDR are experiencing
a real traffic ‘explosion’. Current estimates
for Germany forecast an eighty per cent in-
crease in the amount of private traffic and a
forty per cent increase in the traffic volume
in the road transport industry over the next
twenty years. The only definite statement
that can be made about these traffic and re-
lated problems is that the current traffic
management methods are no longer able to
cope.

The traffic problems are the most extreme
in the large cities and built-up areas. This
has lead to a number of initiatives and co-
operations emerging from these areas, with
the aim of finding solutions to these prob-
lems. One of these initiatives is the project
SCOPE that started in early 1992. The
members of the project are the cities of
Southampton, Cologne and Piracus and a
number of industrial partners (the project
name is an acronym derived from the
names of the three cities). The SCOPE pro-
ject aims to develop and test new technol-
ogies in the field of integrated traffic man-
agement. The project is supported by the
European Community as part of its Ad-
vanced Transport Telematics (ATT) Pro-
gramme.

The aims of integrated traffic management
are not only the optimisation of traffic flow
but also changing peoples attitudes toward
transport in general. An example is the use
of public transport in the cities. The fields of
city planning and environmental protection
are therefore as equally important as mea-
sures of co-ordinating and directing the
flow of traffic.

Measures aimed at influencing the traffic
problems are highly interdependent. New
technologies are therefore required to in-
tegrate the systems for planning, directing
and controlling traffic and its associated
problems. The contribution from the city of
Cologne toward the SCOPE project em-
phasises particularly this integration.

The Strategic Information
System

The central aim of this Cologne project is
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the creation ofa Strategic Information Sys-
tem (SIS) through further development of
the existing Statistical Information System
(STATIS). STATIS was developed by a
consortium of German cities and states.
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headed by the City of Cologne. Although
originally designed to the needs of depart-
ments of statistics, STATIS can be cons;'"
ered as a general purpose information &
tern. It serves to set up and process informa-
tion for planning, decision support and stra-
tegic controlling.
STATIS loads, describes and converts raw
data from operational systems. Typical raw
data comes from public registrations and
other events such as elections, polls and
census. The preprocessed data can be se-
lected and aggregated to ‘information
packages’ tailored to meet specific user
needs. These information packages, which
can be regarded as multi-dimensional ta-
bles, can be further processed to create re-
ports or to input into specialised applica-
tion programs. One major task of the Co-
logne project was the integration of a GIS
with STATIS. The main objectives of this
integration are to provide users with
* ageneral and extendable data model for
urban infrastructure and traffic related
information
* information retrieval functions based on
attributes, time periods and geograff
locations, with any of these aspects com-
bined
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* GIS functions for data capture, spatial

analysis and thematic mapping
The SIS project group consisted of mem-
bers of the Department of Statistics and Ur-
ban Affairs in Cologne, the Software AG
and strissle Informationssysteme GmbH,
which provided the GIS software, stridssle
Informationssysteme is a German software
company with about 500 employees that
specialises in technical information sys-
tems.

Spatial Reference Systems

Nearly all traffic related data contains a lo-
cational reference. If data from different
sources has to be combined, aggregated and
analysed, locational referencing using a
GIS is a powerful tool for data integration.
Locational referencing initially requires the
establishment of a unique spatial reference

AMystem covering the complete area of inter-

{

st. Availability and quality of digital map
data have to be considered and evaluated.
Although a considerable amount of digital
maps are available today, it is still a critical
task to find digital maps suitable for inte-
grated traffic management. Topologie in-
formation - necessary for most traffic man-
agement purposes - isnot available in most
cases.

Fortunately, a spatial reference system cov-
ering the complete city area of Cologne and
its surroundings is provided in digital form
by the Department of Statistics and Urban
Affairs. The spatial reference system is
based on recommendations from the
'Deutscher Stddtetag’ for administrative
purposes in German cities. It is basically a
subdivision and ordering scheme for re-
gions and cities, containing hierarchies of
administrative areas. The smallest elements
of this subdivision are street segments, in-
tersections, building blocks and associated
addresses.

'his spatial reference system is widely used
-tO index and to aggregate data on a geo-
graphic base without having to know geo-
graphic coordinates. Locational referenc-
ing is very easy to achieve, since in most
cases either addresses or named/numbered
spatial subdivision here can be used. The
hierarchical structure of subdivisions also
forms the basis for aggregation purposes
and the integration of data with different
levels of spatial resolution.

In Cologne, as in other German cities, the
statistical spatial reference is stored togeth-
er with the associated coordinates accord-
ing to the GEOCODE approach. The ref-
erence system therefore forms a fully top-
ologically organised and seamless base
map, containing planar networks in differ-
ent levels of resolution.

The spatial reference system of Cologne
holds about 140,000 addresses, 15,000 street
segments and 10,000 building blocks at the
highest level of resolution.

One ofthe project tasks was to convert and
import the spatial reference data into the
Strategic Information System. The limita-
tions of the GEOCODE model should
thereby be overcome, e.g. in the treatment
ofareas crossing the boundaries ofadminis-
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trative subdivisions. The costs to maintain
the spatial reference system should also be
significantly reduced.

GIS Integration

GRADIS-GIS, a software package sup-
plied by Striassle Informationssysteme, was
chosen for the GIS component of the Stra-
tegic Information System. GRADIS-GIS is
built as an open system, especially suited
for the integration into existing information
system environments.
GRADIS-GIS is different from most GIS
software packages in that it is a completely
database oriented system. All spatial ob-
jects including their geometric and topolog-
ic properties and their attributes are stored
in one single commercial database. In this
way the well-known problems of maintain-
ing consistency between geometry and at-
tributes are avoided. The user does not
have to deal with different storage and data
management schemes for geometry and at-
tributes.
Features of GRADIS-GIS that lead to its
selection include:
* object-oriented and topologic data
structures
* built-in data structures and functions to
handle planar networks and node-edge
topology
* seamless database storage
* multi-user capability and data security
features
* powerful tools for customisation and da-
tabase integration
* customisable OSF/Motif User Interface
* open system standards like UNIX, SQL,
XI1,CGM and TCP/IP

Data Modelling

The first step in the integration was the
specification of an unified logical data mod-
el covering all spatial entities. The data
model isdivided into several application ar-
eas, enabling the extension of the model to
new applications. In the data modelling
stage, the SIS project group took advantage
ofthe use of CASE tools. This approach has
until now been rarely used in the GIS area.
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The experience from the GIS integration
shows that formal data modelling and the
use of CASE tools could significantly speed
up the data modelling stage.

A central part of the data model are the
spatial subdivisions that already exist in the
statistical reference system. The subdivi-
sions describe the spatial reference and
provide the links to demographic and ad-
ministrative data. The spatial base for pri-
vate and public transportation planning is
modelled close to the GDF-format.

Data Conversion

The spatial reference data could be con-
verted and imported into GRADIS-GIS by
means of relatively simple conversion pro-
grams. Besides the GEOCODE data, a
number of different files were used to re-
trieve the mnecessary information. This
mainly automatic data import was followed
by two further steps. First the city blocks
were further divided into smaller subdivi-
sions. Secondly, some relations between ob-
jects, which were not maintained in the ex-
isting files, had to be defined and entered.
Conventional manual digitising was used to
refine the block subdivisions.

Additional experiences have been made
with the wusage of orthophotos (scale
1:5,000), that were scanned and displayed
as graphical background in GRADIS-GIS.
This allowed a very fast on-screen digitis-
ing. It also turned out that the orthophoto
as background data can serve as an impor-
tant help in understanding and interpreting
the results of many queries and analyses.

System Integration Functions

Methods based on the data model are spec-

ified and implemented enabling both sys-

tem components - STATIS and GRADIS-

GIS - to access data from each other. The

basic integration functions are

* spatial selection of attribute data, using
geometric or topologic operators

* selection and visualisation of geographic
properties to given attribute data

* creation and update of spatial relations
(neighbourhood, connectivity etc.)



The spatial selection is one of the most im-
portant tools used to integrate traffic rele-
vant data from different sources, e.g. traffic
flow and air pollution along a designated
road. The integration of STATIS and
GRADIS-GIS provides two general ways
to perform spatial queries. The user can
start with a geometric/topologic query and
then retrieve the associated attributes or in-
formation packages. Conversely, the user
can start with a selection on attribute data
and then retrieve spatial entities. Both
methods can be combined in a sequential
manner. The results of spatial queries can
be used to build information packages in
STATIS for further processing. In many
cases an (additional) visualisation in form
of a thematic display or map allows a very
intuitive and comprehensive presentation.
A special feature of the integration is the
use of heterogeneous hardware. Since STA -
TIS is designed for very large amounts of
data and the use of many terminals its first
release runs on mainframes. GRADIS-GIS
runs on UNIX workstations. The two sys-
tems are connected by a network so that
STATIS can be accessed on the worksta-
tion. A new release of STATIS is also avail-
able on UNIX.

Summary
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many larger private companies hold vast
amounts of data which are spatially refer-
enced by addresses, by administrative areas
or other references. The integration of a
Geographic Information System with a Sta-
tistical Information System in Cologne
shows how the spatial aspect ofinformation
can be accessed and used. Modern GIS
technology can serve as an important tool
for data integration and for strategic deci-
sion support.
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