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Overview and Analysis of the Impact of Geo-ICT Developments

Geo-ICT Technology Push versus Ma

The first Product Survey to address RDBMS was published in GIM
International in February 2002. Over a relatively short period of time, spatial
databases have developed a comprehensive technology which includes
representation and manipulation of spatial objects, access methods and specific
query languages. Apart from developments in database technology, a series of
other Geo-ICT developments relevant to spatial data management may be
recognised. The author gives an overview and analysis of the impact of these
developments.

By Prof. Peter van Oosterom, Delft University of Technology and i, Christiaan Lemmen, Kadaster/ITC, The Netherlands

The developments looked at here
concern information system mod-
elling standards, database tech-
nology, global positioning sys-
tems, Internet development,

acceptance of geometry stan-
dards within general ICT tools,
including their use in geographic
information systems. Efficient
design, development, testing and

wireless communication and maintenance based on these new
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Figure 1, The foundation data for Spatial Data Infra-structures in relation to the Geo Spatial Data Service
Centre of the Environment and Physical Planning Domain according to Groot and McLaughlin
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geographic information systems
technologies allow the introduc-
tion of such systems within
acceptable time-scales and bud-
gets. A basic condition for system
development is analysis of user
requirements. Such requirements
may change over time, e.g. due to
changes in legislation, govern-
mental policy or new tasks set
organisations or technology. It is

A user may be anyone who
is interested
in geo-information

therefore important to design
generic and flexible information
systems: to follow on from (data)
Model Driven  Architecture
(MDA).

Geo-ICT

These developments in Geo-
Information and Communication
Technology (Geo-ICT) have pro-
vided a tremendous push tow-
ards the development of cadas-
tral and topographic information
systems and Spatial Data Infra-
structures (GSDI). Both theoreti-
cal and practical developments in
ICT, such as the ubiquitous com-
munication (Internet), Data Base
Management Systems (DBMS),
information system modelling as
demonstrated in Unified Model-
ling Language (UML), and global
positioning systems will improve
the quality, cost effectiveness,
performance and maintainability
of geographic information sys-
tems. Furthermore, both users
and industry have accepted stan-
dardisation efforts in the spatial
area generated by the OpenGIS
Consortium and the International
Standards Organisation, for
example the ISO TC211 Geo-
graphic Information/Geomatics.
This has resulted in the introduc-
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tion of new versions of general
ICT tools with spatial capabili-
ties; for example, eXtensible
Mark-up Language/ Geography
Mark-up Language (XML/GML),
Java (with geo-libraries) and
object/relational Geo-DBMS, in-
cluding support of simple geo-
graphic features.

Global Acceptance

This is the first time ever that
such a set of globally accepted
standards and development tools
have been available. The new sit-
uation creates fresh perspectives
in both the development of new
geographic information systems
and in the improvement in, or
extension of, existing systems. At
this moment in time the first
Internet-GIS applications are
already operational. In the near
future this will be extended to
mobile GIS applications, some-
times also called location-based
services. Imagine the user of a
mobile phone or a personal digi-
tal assistant (PDA), such as a local
government civil servant, a real
estate broker or a policeman
using it to access, for example,
up-to-date cadastral information
for their day-to-day tasks in the
field: "Who is the owner of this
building?"... "When was this
building sold and what was the
price?"... etc.

User Requirements

On the ‘market pull’ side, new
requirements aimed at user satis-
faction have emerged due to
changes in government policies,
legislation, newly emergent or-
ganisational and user tasks and
so on. Products and services must
certainly satisfy user needs. A
user may be anyone who is inter-
ested in geo-information. Again,
taking the cadastral example,
assessment of user needs should

be made not only at the outset of
the development of a new land
administration system, but also
throughout its lifetime. Questions
need to be asked about the cate-
gories of data that will be
required in the future. It may be
an attractive idea to collect some
types of data for some possible
use in the future but if it is not
necessary at present moment
then few resources should be
allocated for this purpose. A step-
by-step approach may be more
cost-effective. There will be a
need for co-operation over who
collects and co-ordinates data,
what technology should be
acquired so that all components
of the system are compatible,
how common standards and pro-
cedures can be developed and
other system-related decisions.
Data protection has to be cov-
ered.

The application of new technol-
ogy, such as GPS, should be
assessed from an economic rather
than a technical perspective. Pro-
visions must also be made to
accommodate possible future
changes in the network occurring
as a result of technical improve-
ments. These may affect all coor-
dinate-based systems.

Life-span

The foregoing requirements are
of a more general nature. Some
may also be interpreted as condi-
tions for the development of sta-
ble systems to run for a long time.
Here it should be remembered
that the life-span of data is fifty
years or more, of software ten
years or more and of hardware
three years or more. The flow of
geo-information between differ-
ent government agencies and
between these agencies and the
public has to be encouraged.
Whilst access to data, its collec-
tion, custody and updating
should be facilitated at a local
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level, the GSDI should be recog-
nised as belonging to an (inter)
national uniform service for the
promotion of sharing within and
between nations.

Migration to New Architectures

Until recently, spatial data man-
agement was handled by GIS
software outside the DBMS. As
DBMSs become spatially enabled,
more and more GISs (Arc/Info,
Intergraph Geomedia, Small-
world, MicroStation GeoGraphic)
have, or soon will, migrate
towards an integrated architec-
ture: all data, spatial and the-
matic, being stored in the DBMS.
This marks an important step for-
ward, the culmination of many
years of awareness, creation and
subsequent system development.
Many organisations are currently
in the process of migrating
towards this new architecture.

‘When was this building sold and what

was the price?’

There is a lot of work involved in
this and it will take many years
yet. The next step will be the cre-
ation of a common GSDI for
related organisations; so-called
information communities. The
concept of GSDI is presented in
Figure 1. This may, in the long
run, replace the exchange of
copies of datasets between organ-
isations. It will require good pro-
tocols: standardisation such as
the OpenGIS web mapping spec-
ification. But, in addition, the role
of the Geo-DBMS will increase in
significance due to the fact that
not only a single organisation
will depend upon it, but a whole
community. Its main use will
be query-oriented rather than
update-oriented; only the owner
of the data will conduct updates

Figure 2, Example of a GetMap query
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whilst others will be using it for

queries. Here enters

component for the realisation of
such query processes: the net-
work infrastructure (bandwidth)

itself.

Obtaining Geo-data

One of the most time-consuming

tasks when impleme
is obtaining geodat
datasets and sources

located. The various reasons why
this process is so time-consuming
include difficulties in finding data,

first OpenGIS implementation
standard was called Simple Fea-
ture Specification (SFS) and it
standardised the basic spatial
types and functions. The imple-
mentation specification for the
SFS is described for three differ-
ent platforms: SQL, Corba and
OLE/COM. What is still missing
is an implementation specifica-
tion for complex features, such as
those based on a topology struc-
ture. The abstract earth imagery
and implementation grid cover-
age specifications have been
developed for raster data model-
ling. Much attention on the part

an essential

nting a GIS
a. Relevant
have to be

More and more GISs will soon migrate
towards an integrated architecture

of the OGC has been paid to the
aspect of catalogue services
describing how to access meta-
data. This standard can and will
be used in realising clearing-

discrepancies between source data

model and that of

implemented by the local system,

and differing support
formats of source and

Much effort is needed to create a

GSDI to improve this

OpenGlS Standards

The OpenGIS Consortium (OGC)
and official standardisation or-

ganisations (ISO and
addressed several as

houses for geo-information.
Closely related to the previous
standards, metadata and cata-
logue services represent activities
in the area of Internet GIS (or
web-mapping). This may be seen
as an interactive (and ultimate)
form of interoperability, as data
from multiple sources may be
retrieved and combined in the
web-browser. However, instead
of simply querying and receiving
metadata, now the geodata itself
is queried and received. In this
area, the OGC has created the

the model

ed exchange
destination.

situation.
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Figure 3, OGC: different levels to exchange geo-

information. Thin clients (which display only raster images

JPEG and PNG), medium clients (with graphic primitives WebCGM and SVG) or thick clients (data in the
form of simple features XML, that is GML), is processed at the client side)
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Web Map Server Interface for
query aspects using three basic
functions: GetCapabilities (what
is available on the server),
GetMap (raster images, graphic
primitives or data) and GetFea-
ture_info (fetch attributes). In
addition, the Web Feature Server
Interface can be used for updat-
ing information, has functions for
locking and committing transac-
tions and utilises the Geography
Markup Language (GML) (sim-
ple features in XML) for vector
data transfer. The query from a
client uses the well-known struc-
ture of an Internet URL. The OGC
has specified the names of query
parameters (e.g. BBOX, LAYERS,
FORMAT) as well as their mean-
ing, and has also allocated values
to them. One example of a
GetMap query may be found in
Figure 2. With respect to different
types of clients, the OGC has
developed a model for their com-
parison (Figure 3).

UML

We have reached the stage of
worldwide acceptance of a stan-
dard modelling language: the
Unified Modelling Language
(UML). This supports a rich set of
graphical notation describing
classes, objects, activities, states,
workflow, use cases, components,
nodes and the relationships
among them. It provides signifi-
cant benefits for system designers
and organisations in facilitating
the building of rigorous, traceable
and maintainable models sup-
porting developmental life-cycles.
It is used for modelling both the
data (structural) aspect and the
functional (behavioural) aspect of
information systems, supporting
both external and internal
requirements. There are a number
of very important components in
UML: the case diagram to capture
external environments (user
requirements and behaviours),
the activity diagram to show how
a used case can be realised, an
object model (system behaviours)
showing interaction between
actors and entity objects, and an
information model (commonly
known as the ‘class diagram’,
which resembles well-known
entity-relationship  diagrams).
Since it is based on object-ori-
ented technology, UML may effec-



Figure 4, The transmission senders and the positioning of the mobile phone

tively be used to design a generic
model. An international consor-
tium promoting the use of object-
oriented information technology,
the Object Management Group
(OMG), is responsible for main-
taining the UML standard.

XML

eXtensible Markup Language
(XML) is the standard for the ex-
change of structured information
and plays an important role in the
Internet. Data models may be
described either within a Docu-
ment Type Description (DTD) or
a more advanced XML Schema
document. For example, the OGC
GML is based on XML Schema for
modelling of the spatial aspect of
features. XML Schema has a ‘con-
nection’ to UML: the data part of
the (UML) model can be trans-
formed into the XML Schema,
either by hand or automatically.

Location Based Services

A mobile information society is
rapidly developing as mobile
telecommunications move from
second (GSM) to third (UTMS)
generation technology. The Inter-
net and its services are arriving at
wireless devices. Location-Based
Services (LBS) and personal navi-
gation are becoming part and
parcel of mobile multimedia ser-
vices. Personal navigation is a
service concept in which advan-

ced mobile telecommunications
allow people to find out where
they are, where they can find the
products and services they need
and how they can get to a certain
destination. The architecture of

LBS consists of components from

three different disciplines:

+ Positioning of the mobile termi-
nal, either based on the mobile
phone network or on a posi-
tioning system such as GPS,
GLONASS or Galileo

+ Wireless communication net-
work, either based on GSM,
GPRS or UTMS

# Geo-information and geo-ser-
vices based on GIS technology

These three disciplines have one

thing in common: in one way or

the other the concept of location
is important.

Concluding Remarks

A series of new, globally accepted
Geo-ICT tools, such as UML,
XML, GML, allow the develop-
ment of Geo-DBMSs and efficient
data distribution within a frame-
work of GSDI. The development
of Location Based Services
greatly depends upon the perfor-
mance of spatial databases within
a framework of Geo-Spatial Data
Infrastructures. This type of ser-
vice is generally recognised as the
impetus behind inclusion of spa-
tial data in the ‘mainstream’ of
Geo-Information and Communi-
cation Technology worldwide.
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The further development of
(industrial) standards and their
implementation is a condition for
the maintenance of an essential
balance between ‘technology
push” and ‘market pull’”.

Further Reading

¢ Booch, Grady, James Rumbaugh,
and Ivar Jacobson, 1999. The
Unified Modeling Language.
User Guide. Addison-Wesley,
1999

¢ Groot, Richard and John
McLaughlin, 2000, ‘GeoSpatial
Data Infrastructures, concepts,
cases and good practice’, Oxford
University Press, Oxford, UK

¢ Lemmen, Christiaan, RDBMS
Product Survey, GIM Interna-
tional, February 2002

+ Rainio, Antti, 2001, ‘Location
Based Services: Location-based
Services and Personal Naviga-
tion in Mobile Information Soci-
ety’, FIG Working Week, Seoul,
Korea

+ UN/ECE, 1996, United Nations/
Economic Commission for

Europe, ‘Land Administration
Guidelines’, Geneva, Switzer-
lande

Peter van Qosterom, TU Delft, Thijsseweg 11, 2629 JA,
Delft, The Netherlands, E-mail: oosterom@geo.tudelft.nl

Christinan Lemmen, ITC, P.O. Box 6, 7500 AA,
Enschede, The Netherlands, E-mail: lemmen@itc.nl

July 2002 15



	Page 1
	Page 2
	Page 3
	Page 4

