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OEEPE Commission 4 — Workshop Report

Next Generation Spatial Database — 2005

Authors: Keith Murray, Arbind Tuladhar, Peter Woodsford and Ed Parsons.

Held at Ordnance Survey, Southampton on 22-24 May 2002

This Summary

This is a summary of the OEEPE workshop “Next Generation Spatial Database — 2005”
hosted by Ordnance Survey in Southampton in May 2002. The summary provides an
introduction to the accompanying presentations and highlights the issues raised by the
presenters and participants in the following discussions. It is intended that together this
summary, paper and presentations will help inform a wider audience of the current trends,
directions and issues facing those whose role it is to ensure that large national spatial
databases meet future strategic needs.

We believe that this is essential if spatial data is to fulfil a pivotal and leading role in
developing the knowledge economy to support decision making at all levels. Further, this is
particularly relevant in a world where much is rapidly changing - from users needs and
applications, e-government (which is a major stimulus everywhere), technology, new ways of
working and so on.

The Workshop

The workshop attracted over 30 participants from 12 different countries and built on the
successful “NMA and the Internet” OEEPE workshop held in March 2000 at Ordnance
Survey. This event followed a similar format with four sessions dedicated but different
aspects of database development facing National Mapping Agencies and Cadastral
organisations over the next few years. To stimulate thought each session included 2-3
presentations prior to a breakout session where teams addressed some of the key issues
facing them. The meeting programme will be found at Annexe A.

Ordnance Survey Head Office, Southampton



Aim and Purpose

The demands of the emerging information and knowledge economies are already having a
major impact on those agencies which supply data and information. New developments such
as Location Based Services, web publishing, print on demand are now challenging the
content and structure of national spatial databases.

Location Based Services Print on demand mapping

People now need to answer questions such as “Where is my nearest?”, “How do | find/get
to?”, “What will the local impact be?”.

Technology and competition are also having a significant impact. Many of the Mapping
Agencies and Cadastral Agencies are advanced in addressing these issues and some are
just starting. All too often those facing these challenges have to work in isolation with few
peers at the national level. There is often no one to share some of these big strategic issues
and discussions with.

This workshop was seen as an opportunity for this small community of experts to come
together and share their experiences and future directions on key data management issues.

David Willey, Deputy Chief Executive of Ordnance Survey, welcomed the participants to the
workshop and opened the meeting by illustrating some of the challenges we all face.

Session 1. Geospatial databases — the global drivers for change

Peter Woodsford (OEEPE Commission 5 Chair) chaired the first session which set the scene
with an imaginative and stimulating keynote presentation from Tony Davison of IBM. Tony
immediately moved us forward to the year 2025. In his animation of the future - we are all
connected to a wireless “GRID” where keyboards and mobile phones are seen as relics from
the past. In the near future communication and information for decision making is always at
our fingertips. Geospatial data played a part in this world, but in a different way from today, it
would be totally integrated into the fabric of the society he described. He proposed that the
power of this technology will transform the way we conduct our lives, both domestic and in
business.

Ed Parsons (Ordnance Survey) used his recent experience in industry and as a customer of
mapping agencies, to highlight the issues facing the data providers as we all move towards
the information society and the radical changes described by Tony Davison. Ed described OS
MasterMap and recognised the need for ever greater attention to data management, data and
system architectures.

Following the presentations the subject the teams addressed was to determine:

The top three issues facing NMA’s and Cadastral agencies & their information.



The main issues raised by the teams were:

1. Needs are changing (the only constant is change)

O 0O 0O
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Living in a world of rapid change and no sign of this stopping

Information society will expect different products

NMA’s future is not assured

We need to fit with the emerging “bigger picture” (new customers needs,
National SDI's [spatial data infrastructures] and wider SDIs eg the EC
INSPIRE initiative,)

Technological trends changing — need to take risks

Personal and cultural development is as critical

Need for greater cost recovery to support sustained investment

2. Customers

]
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We all need to be more customer-driven

Need to understand business processes and integrate geography more
centrally into those processes (internal organisational and external eg
Location Based Services)

The right information in a timely and standard way

Includes 3D and time

Data Quality: Currency, Consistency, Completeness and Accuracy.
Concentrate on core data for today and tomorrow

Geography key to joining up disparate information, especially across
government

3. Standards

o]
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Need to be “open”
Need to assimilate National, European and International, de facto and de jure
Currently hard to determine which “to back”

These three issues set the scene and recurred as the following two days of discussion while
exploring different topics and areas of common interest.

Session 2. The National Mapping Agency — What data, why, when, how?

Keith Murray (OEEPE Commission 4 Chair) chaired the session dedicated to National
Mapping Agency needs and developments. Fred Finch of Ordnance Survey Ireland reported
on strategic developments over the past 18 months since the “NMA and Internet” workshop in
March 2000. He specifically stressed the move towards an “open” architecture to support
strategic flexibility in the future.

Jens Jensen of Kort & Matrikelstyrelsen (Denmark) described their database developments
with TOP10DK and experiments and plans for electronic data services.

Frank Fuchs of IGN France provided a presentation of IGN’s key needs and developments.

On this occasion teams tackled the following subject in the breakout session:

What architecture strategies (data & systems) are required to meet the needs of 2005?

The team findings were:

We need two main forms of dedicated database, they have different roles:

(]
o]

1. Data maintenance — ie the master database
2. Publication — for delivering products from the master database,



e Other key issues:
o Unique Identifiers (eg TOIDs) to provide information “hooks”, and support
customers needs for data sharing
Data Modelling
Geography Mark-up Language,
Versioning, Long Transactions, Editing large objects,
Metadata,
The need for internal data integrity
Third party data linkages (and the fact that data conflation usually highlights
discrepancies)
Open Standards for Publication are currently more advanced than for Data
Maintenance

O 0O O0OO0OO0Oo
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Session 3. The Cadastre — New services, new directions

Arbind Tuladhar (ITC) chaired and made the first presentation of this session on behalf of
Peter van Oosterom (TU Delft), Christiaan Lemmen (ITC & Kadaster) and Rolf de by (ITC).
He outlined the changing world in which the cadastre now operates in and the increasingly
varied and demanding demands which the information and knowledge society make on it.
The authors also include a paper — see Annexe A.

Gerhard Muggenhuber (BEV, Austria and Chair of FIG Commission 3 [Spatial Information
Management]) showed that these changes are widespread across the world via summaries of
the situations in several countries.

The question facing the teams after this session was:
What kinds of data models will ensure data integration for future applications?
The team findings were:

Data models are critical for database consistency

Uses of UML including Use cases and XML/GML seen as important base

Object lifecycles need to be modelled

Testbeds are useful to evaluate concepts

Standards — international level is important, (ISO/TC211 and OpenGIS)
NMA’s/Cadastral agencies should work more closer together — “as an expert group”

Session 4. Database Technologies — what can they do for us? When?

In the final session Ed Parsons (CTO, Ordnance Survey) sought an industry view from
Oracle, ESRI and eXcelon. Xavier Lopez (Oracle) provided an overview of the directions and
key developments at Oracle, while David Maguire (ESRI) showed how GIS functionality,
database technology (such as Oracle) and data can combine to serve the needs of customers
in the future. Adrian Marriott of eXcelon described the benefits of a true object-oriented
database technology in meeting future needs.

The final breakout session subject was:

How will the database vendor’s solutions help me achieve my strategy?

The teams concluded that the key areas to concentrate on are:
e Data consistency - need to collect/edit once — use many times
e Topology needs developing more generically — role for OpenGIS here?
o Data management tools to be developed:

o Conflict management
o History/Time



3D
Multi-resolution rendering (and generalisation?)
Object rules/behaviours
Change detection tools
Schema Evolution Tools
o  While maintaining database performance
e Vendors open up users ability, but can also limit (if they do not move forward in a
desired direction)
e Backwards compatibility is required
e International Standards could help

OO0 O0O0O

Overall conclusions

As with the Internet Workshop the attendees found that attending this meeting and sharing
issues such as those described above, common to each organisation, very helpful as we
move forward with the same challenges in each country.

Three generic technical issues emerging were:

e Common Data Models need to be developed — maximise the effectiveness of our opera-
tions.

e Cadastral v NMA requirements are often different — but share common challenges

e "Openess" of databases is an aim — in this fast moving world

A recurring and key area of interest is knowledge sharing on data modelling across NMAs
and cadastral agencies. Some organisations had done a lot of work on this and others less
so. There are also several common activities emerging, such as the linking of topographic
and cadastral databases in many countries across Europe and around the world. There is
evidence of this where the NMA and cadastre is the same organisation and where they are
separate.

Another common problem for many was the need to get from where they are today to where
they know they need to get to for the future. Combining such a major step change in
transition, while maintaining an uninterrupted supply of products to customers in the
meantime is a major challenge. Data re-engineering to meet a future schema while “keeping
the show on the road” requires major IT investment and commitment right across the
organisation.

Next Steps

Taking all the above into account it is proposed that there would be benefit in some
collaborative work to bring together experience with data models to determine what works
and what does not. This could help shape “best practise”.

This could be a follow on project if there was enough support from members. One approach
might be that these subjects will be developed in the next step as joint research efforts within
OEEPE and FIG [Commissions 3 and 7] and the results presented in joint sessions of both
organisations in the future.



Finally we would like to thank all the participants for their participation in what proved to be
both a specialist but very rewarding workshop.

We would also like to thank Ruth Williams (Ordnance Survey) who put in a lot of effort in
organising and arranging the workshop.

Authors: Keith Murray, Arbind Tuladhar, Peter Woodsford and Ed Parsons.

Workshop Convenor: Keith Murray, Chair OEEPE Commission 4
August 2002



WORKSHOP PROGRAMME ANNEXE A
Wednesday 22" May 2002

12.30 - Lunch

13.30
14.00 Introductions OEEPE
14.10 Welcome

David Willey,
Deputy CEO Ordnance Survey

Geospatial databases — the global drivers for change

Chair Peter Woodsford
14.30 Implications for Geographic Tony Davison, IBM
Information providers in the
Information Age - Keynote

15.30 From the outside to the Ed Parsons, Ordnance Survey
inside & back again

16.00 — Tea/Coffee

16.30

16.30 Breakout Session Subject: Top three issues facing

NMA'’s and Cadastral agencies &
their information

17.30 Reporting back
18.00 Close




Thursday 23 May 2002

The National Mapping Agency — What data, why, when, how?

Chair Keith Murray
09.00 Geospatial Database from Fred Finch — OS Ireland
Proprietary to Open
09.30 A Geospatial Datawarehouse | Jens Ole Jensen — Kort &
to provide cadastral and Matrikelstyrelsen
other data
10.00 New database developments | Frank Fuchs, IGN, France
in IGN
10.30 - Tea/Coffee
11.00
11.00 Breakout Session Subject: What architecture
strategies (data & systems) are
required to meet the needs of
20057
12.00 Reporting back
12.30 Lunch

The Cadastre — New services, new directions

Chair Arbind Tuladhar
14.00 Geo-ICT technology push vs. | Peter van Oosterom (TU Delft),
Cadastral market pull* Christiaan Lemmen (Kadaster),
Rolf de By (ITC); Speaker: Arbind
Tuladhar (ITC)
15.00 Cadastral needs and Gerhard Muggenhuber - Austrian
developments Cadastre (BEV)
16.00 — Tea/Coffee
16.15
16.15 Breakout Session Subject: What kinds of data
models will ensure data
integration for future applications?
17.00 Reporting back
17.30 Close

* "Geo-ICT technology push vs. Cadastral market pull” - paper included.

19.30

Workshop Dinner

Southampton Football Club




Friday 24™ May 2002

Database Technologies — what can they do for us? When?

Chair Ed Parsons
09.00 Will your data service meet Xavier Lopez, Oracle
the customer needs in 20057
09.30 Building applications with David Maguire, ESRI
government data — needs for
the future.
10.00 Realising the benefits of Adrian Marriott, eXcelon
object technology
10.30- Tea/Coffee
11.00
11.00 Breakout Session Subject: How will the database
vendors solutions help me
achieve my strategy?
12.00 Reporting back
12.30 - Summing up & close
13.00
13.00 — Lunch
14.00




PRESENTED PAPER ANNEXE B

Peter van Oosterom (TU Delft), Christiaan Lemmen (Kadaster), Rolf de
By (ITC) and Arbind Tuladhar (ITC):

Geo-ICT technology push vs. Cadastral market pull



PRESENTATIONS

Fred Finch - OS Ireland:
Geospatial Database from Proprietary to Open

Frank Fuchs, IGN, France:
New database developments in IGN

Jens Ole Jensen — Kort & Matrikelstyrelsen:
A Geospatial Datawarehouse to provide cadastral and other data

Xavier Lopez, Oracle:
Will your data service meet the customer needs in 2005?

David Maguire, ESRI:
Building applications with government data — needs for the future.

Gerhard Muggenhuber — Austrian Cadastre (BEV):
Cadastral needs and developments

Land Administration in Europe:
Parameters
Organizations
Customers

Austria:

BEV-Organization
Spatial data structure
Cadastre

Keith Murray:
Introduction

Ed Parsons, Ordnance Survey:
From the outside to the inside & back again

ANNEXE C

Peter van Oosterom (TU Delft) & Christiaan Lemmen (Kadaster) and Rolf de By (ITC),

Arbind Tuladhar (ITC):
Geo-ICT technology push vs. Cadastral market pull
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Geo-ICT technology push vs. Cadastral market pull

Peter van Oosterom'
Christiaan Lemmen”
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Arbind M. Tuladhar®
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ABSTRACT

This paper discusses the recent Geo-ICT developments, such as information system
modelling standards, database technology, global positioning systems, Internet development,
wireless communication and acceptance of geometry standards within general ICT tools and
its uses on cadastral systems. Efficient design, development, testing and maintenance of
cadastral systems allow the introduction of such systems within acceptable time and budgets.
A Dbasic condition for system development is analysis of user requirements. Those
requirements can change in time, e.g. because of changes in legislation, governmental policy,
new tasks for organisations or technology. It is therefore important to design generic and
flexible information systems, e.g. to follow the (data) model driven architecture (MDA).

1. INTRODUCTION

Recent developments in Geo-Information and Communication Technology (Geo-ICT) have
given tremendous push toward the development of cadastral systems and geo-spatial data
infrastructures (GSDI). Both theoretical and practical developments in ICT such as the
ubiquitous communication (Internet), data base management systems (DBMS), information
system modelling such as Unified Modelling Language (UML), and global positioning
systems will improve the quality, cost effectiveness, performance and maintainability of
cadastral systems. Further, users and industry have accepted the standardisation efforts in the
spatial area by the OpenGIS Consortium and the International Standards Organisation (e.g.
the ISO T211 Geographic Information/Geomatics). This has resulted in the introduction of
new (versions of) general ICT tools with spatial capabilities; e.g. eXtensible Mark-up
Language/ Geography Mark-up Language (XML/GML), Java (with geo-libraries),
object/relational Geo-DBMS including support of simple geographic features.

! Department of Geodesy, Section GIS technology, Delft University of Technlolgy, the Netherlands. email:
oosterom(@geo.tudelft.nl

? Netherlands Cadastre and Public Registers Agency, the Netherlands and International Institute for Geo-
Information Sciences and Earth Observation (ITC), the Netherlands. Emails: lemmen@kadaster.nl or
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3 International Institute for Geo-Information Science and Earth Observation (ITC), The Netherlands. Email:
deby@itc.nl

* International Institute for Geo-information Science and Earth Observation (ITC), The Netherlands. Email:
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It is the first time ever that such a set of worldwide-accepted standards and development tools
are available (UML, XML, Geo-DBMS, OpenGIS standards). This creates new perspectives
in both the development of new cadastral systems and in the improvement of or extension of
existing cadastral systems. At the moment, the first Internet-GIS applications are already
operational in a cadastral context. In the near future this will be extended to mobile GIS
applications based on cadastral information (sometimes also called location-based services).
Imagine the users of mobile phone or personal digital assistant (PDA) such as a civil servant
of the municipality, a real estate broker, or a policeman, with their mobile using 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.

On the cadastral market pull side, its new requirements that satisfy users have emerged due to
the changes in government policies, legislation, emerging new tasks of the organisations and
users, etc. A global overview of such user requirements related to cadastral systems is
presented in Section 2 of this paper. In Section 3 an overview is given of recent Geo-ICT
developments with a qualitative analysis on cadastral systems. The conclusions of this paper
and a proposal on further development of cadastral OpenGIS standards are finally given in
Section 4.

2. USER REQUIREMENTS

For an inventory of the general user requirements for cadastral systems, the United
Nations/Economic Commission for Europe (UN/ECE) Land Administration Guidelines
(UN/ECE, 1996) and UN/FIG the Bathurst Declaration (£7/G, 1999) give some important and
fundamental basic requirements. Furthermore, results from market surveys of the
Netherlands Cadastre, have been used for inventory presented at the end of this section.

2.1 UN/ECE Land Administration Guidelines: user needs

The UN/ECE Land Administration Guidelines highlight the importance of addressing user
requirements. Before altering an existing system or introducing a new one, it is essential that
the requirements of those who will use or benefit from the system are clearly identified.
Naylor (1996) relates this to the current market-oriented approach applied to land
information. Products and services must certainly satisfy the user needs. The UN/ECE
Guidelines state that a user can be anyone who is interested in land matters. A wide variety of
user communities will need to be consulted in order to understand their requirements and the
constraints under which they currently operate. The 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 categories 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 to do so at present, then few resources
should be allocated for that purpose. A step-by-step approach may be more cost-effective.

Further requirements, which are recognised in the UN/ECE guidelines are:

e There will be a need for cooperation over who collects and coordinates data, what
technology should be acquired so that all components of the system are compatible, how
common standards and procedures can be developed, and other system-related decisions.



e Data protection has to be covered in a land administration system.

e Are strata titles (relating to the ownership of apartments, etc.) to be recognized? This
subject has been discussed in a FIG workshop on 3D Cadastres (Qosterom, P.J.M. van,
J.E. Stoter, and E.M. Fendel, 2001), organised in Delft, the Netherlands. The 3D
representation of cadastral data is a typical example of a future need for certain areas in
the world.

e The application of new technologies, such as GPS, should be assessed from an economic
rather than a technical perspective. Provisions must also be made to accommodate future
changes in the network that may occur as a result of technical improvements. These may
affect all coordinate-based systems. If the coordinates are an essential component of the
cadastral system, then the survey technique must be capable of producing these either
directly or indirectly.

e A key component in any land administration system is the parcel identifier or unique
parcel reference number. This acts as a link between the parcel itself and all records
related to it. It facilitates data input and data exchange. Fiedler and Vargas (2001)
recognise a technical requirement for cadastral data collection: the need to change the
parcel identifier during the data collection process (first related to aerial photographs,
later related to the administrative subdivision of the country).

e Orthophotomaps, rectified photomaps, or planimetric maps may be used depending on
the user requirements, cost, and timing among other factors.

e Redundancies should be avoided.

e The management of an up-to-date land administration system inevitably involves the use
of modern information and communication technology. It must be able to accommodate
new user demands and to take advantage of new technologies as they become available.
The technology adopted should be sufficiently flexible to meet anticipated future needs
and to permit system growth and change. In this context, a framework for re-engineering
land administration systems is given by Williamson and Ting (2001).

e When data collection starts, it is important that an updating process should be installed at
the same time. See also Flores Silles, Javier (2001).

e Whilst more and more users require cadastral information that is frequently and quickly
updated in real-time, the need to secure data quality should not be underestimated. One
important aspect here is the management of topology integrated with geometry and other
attributes (Lemmen and Van Qosterom, 2001).

e There are opportunities for greater cost-effectiveness in areas such as subcontracting
work to the private sector; increasing cost recovery through higher fees, sales of
information, and taxes; and by /inking the existing land administration records with a
wider range of land information. See also Bogaerts and Zevenbergen (2001).

e The public must understand and accept the level of information that is placed in the
public domain or else people will find ways to avoid information appearing in the
registers. See also Van der Molen (1999, 2000).

These requirements are of a more general nature. Some of them can also be interpreted as
conditions for development of stable systems to run for a long time. Here it should be
remembered that life-time of data is 50 years or more, of software 10 years or more and of
hardware 3 years or more.



2.2 UN/FIG Bathurst Declaration

In the UN/FIG Bathurst Declaration, the importance of ICT for the development of land
administration systems is underlined. Information technology will play an increasingly
important role both in constructing the necessary infrastructure and in providing effective
public access to information. Finally, there must be total commitment to the maintenance and
upgrading of the land administration infrastructure. Some of the ‘system development’-
related recommendations of the Bathurst Declaration are:

e Encourage the flow of information relating to land and property between different
government agencies and between these agencies and the public. Whilst access to data, its
collection, custody and updating should be facilitated at a local level, the overall land
information infrastructure should be recognised as belonging to a national uniform
service to promote sharing within and between nations. See also Bogaerts and
Zevenbergen (2001) and Williamson and Ting (2001).

e Recognise that good land administration can be achieved incrementally using relatively
simple, inexpensive, user-driven systems that deliver what is most needed for sustainable
development.

e Agencies should seek to develop multi-disciplinary, multi-national training courses in
land administration and make these available at the local level through the use of modern
information technology. Groot and Van der Molen (2000) present similar conclusions as a
result of a Workshop on Capacity Building in Land Administration.

e In order to ensure sustainable development of territorial oceans claimed under UNCLOS
(United Nations Convention on the Law of the Sea), the United Nations emphasise the
need for claimant countries to develop their capability to support effective marine
resource administration through the national spatial data infrastructure.

Williamson and Ting (2001) underline the importance of the Bathurst Declaration, as it
establishes a strong link between land administration and sustainable development.

2.3 Business requirements: Observations from the Netherlands Cadastre

The information society has become prominently visible over the past few years (Magis,
1998). The use of information and communication technology (ICT) for management,
transactions and communication is becoming increasingly popular. Customers are taking up a
much more directive role. Organisations are becoming more dependent of each other and are
in fact forced to openness (of systems) and exchange (of data). Developments such as chain-
orientation, digitisation and new technologies are leading to the fading of physical product
concepts. Information products are becoming flexible combinations of digital data
components and additional facilities and services. To be able to operate as a supplier of
information products in this changing environment in the long term, an organisation must
understand the economic dynamics of information production. Technically, digital
information products offer considerably more possibilities for perfect reproduction and fast,
inexpensive and easy distribution. In addition, it is important to realise that a product does not
have the same value to every customer and that as a consequence not every customer is
prepared to pay the same price. A pricing policy based on customer-group differentiation is,
in the Dutch situation, not feasible (principle for government operation). A pricing policy
based on product differentiation is feasible. Variation in the product range is possible in



many ways: by differentiation in access to the information, for instance (time, place,
duration); or by differentiation in the actuality, completeness or extent of detail in the
information; or by differentiation in the possibility for the user to download and store the
information, to multiply it, print it, or in any possible way edit it. In addition, differentiation
is possible in the speed of delivery, in user-friendliness, and in support. The variants can
besides be used separately as well as in combination with each other. In view of the specific
business characteristics, an information supplier should aim for standards (of distribution,
exchange and usage) and product flexibility.

In the near future, customers want to have access to information 24 hours a day, 7 days a
week, at home, in the office, and in the field. They want to be served in a professional way,
through user-friendly tools to information that is timely, up-to-date, reliable, complete,
accurate, relevant, if necessary customised, well-integrated with other relevant data sets of
other suppliers, good value for money by systems that are compatible with the customer’s
working procedures.

The Netherlands Cadastre’s main customer group, the notaries, is becoming more cost-
effective. They will have to differentiate their products, deliver their services faster and with
higher quality, will have longer opening hours, will have to specialise, have to provide more
and clearer information. Citizens want one-stop-shopping (integrated service delivery). And
more and more they want to access the information through the Internet. Electronic
conveyancing techniques such as electronic signatures, encryption, hash values, measures
against bit-loss, are applied increasingly. Because the law has to provide legitimacy to the
transmission, submission and registration of electric documents, changes in the (land) law are
necessary. Expertise to define the new legal prescriptions concerning the authenticity of
electronic documents, the certification authorities that are empowered to issue digital keys, is
available now (Van der Molen, 2001). As land registers and cadastres play an increasing role
in the knowledge regarding the legal status of land according to public law (the so-called
public encumbrances) as a complement to the status according to private law, the submission
and recording of government documents concerning government decisions on land with an
effect on third parties, are within reach. This will contribute to the development of e-
government. Modern mobile computers allow updating of (cadastral) maps during the field
session and make geometric quality management possible in the field, so that detected errors
can be investigated and rectified on the spot. Wireless data communication facilitates the
transmission of work files of maps from the field to the office in order to establish an
efficient work process. The recording process (throughput) will be improved through internal
data communication offering a better integration between centralised and decentralised
processes. Workflow management techniques will become applicable, which will have a
positive impact on the management of daily fluctuating supply and demand, because an
allocation of the workload is possible at the location where the work force is available that
very moment. The integration of work processes allows for combining the benefits of
centralised IT services and decentralised information management. Not the location but speed
of access is important. On the output-side the strategic objective of making the accessibility
of land information better, easier and cheaper, will be supported by data communication. A
well-organised front office supported by an efficient back office provides a boost in
customer-oriented services. Internet services can be applied here. This requires a reflection on
opening hours, data quality, liability, data protection and copyright, privacy issues, and



pricing policy. Establishing an e-commerce environment will require decisions on to which
extent tailor-made land information products are offered, and how payment will be
guaranteed. Land administration will become an important basis of establishing a GSDIL.

Van der Molen (1999) concludes: users of cadastral information need clarity, simplicity and
speed in the registration process. The information must be as complete as possible, reliable
(which means ready when required by the users), and rapidly accessible. Finally, the system
must be sustainable in order to keep the information up to date.

3. GEO-ICT DEVELOPMENT

Recent developments in Geo-ICT have now important roles for the development of cadastral
systems and GSDI surrounding cadastral systems. The developments in ICT in general, and
specifically the Geo-ICT can improve the quality, cost effectiveness, performance and
maintainability of cadastral systems.

GISs are used within (local, regional, central) governments, utility, and other companies to
support their primary business, which often depends heavily on spatially referenced data.
Until recently the spatial data management was handled by GIS software outside the DBMS.
As DBMSs are being spatially enabled, more and more GISs (Arc/Info, Geomedia,
Smallworld, Geographic Microstation) are or will soon migrate towards an integrated
architecture: all data (spatial and thematic) are stored in the DBMS. This marks an important
step forward that took many years of awareness creation and subsequent system
development. Many organisations are currently in the process of migrating towards this new
architecture. This is a lot of work and will still take many years. The next step will be the
creation of a common GSDI for related organisations; the so-called information communities.
This can replace, in the long run, the exchange of copies of data sets between organisations. It
requires good protocols, standardisation such as the OpenGIS (Buehler, K. and L. McKee,
1998) web mapping specification. But also the role of the Geo-DBMS becomes more
important, because not a single organisation depends on it, but a whole community. The main
use will be query-oriented (and less update-oriented, only the owner of the data is doing
updates, others are only doing queries). This also means that Geo-data derivation (creating
new spatial data sets out of existing ones) is an important component that uses advanced class
of queries. Here, an essential component for realizing such query processes is the network
infrastructure (bandwidth) itself.

In this section, we will first discuss the broader concept of the Geo-Data Infrastructure and
relate this to cadastral systems in 3.1. Next, we describe the relevant OpenGIS standards in
Section 3.2. This is followed by an analysis of the developments in modelling and structured
information transfer (in 3.3). Section 3.4 shortly presents the developments in database
technology. Finally, Section 3.5 introduces the concepts and technologies behind the location
based services and again relate this to cadastral systems.

3.1 The Geo-Data Infrastructure

During the 5™ Geo Spatial Data Infrastructure Conference (Resolutions, 5" GSDI
Conference, 2001), the following definition of GSDI was agreed on by the GSDI Steering



Committee: “The Global Spatial Data Infrastructure supports ready global access to
geographic information. This is achieved through the co-ordinated actions of nations and
organisations that promote awareness and implementation of complimentary policies,
common standards and effective mechanisms for the development and availability of
interoperable digital geographic data and technologies to support decision making at all
scales for multiple purposes. These actions encompass the policies, organisational remits,
data, technologies, standards, delivery mechanisms, and financial and human resources
necessary to ensure that those working at the global and regional scale are not impeded in
meeting their objectives”. The processes of production, provision, use, maintenance,
exchange and sharing of these data are complex in nature. Large data volumes have to be
managed using database management technology and geographic information systems (GIS).
The managers of geo-data are not only the custodians of cadastres, but also national mapping
agencies, geological surveys, soil surveys, ministries, land use planning institutes and large
municipalities.
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The success of the Internet in general has shown the power of an open infrastructure. The

open standards and the decentralised architecture are responsible for the many free and non-

free services. Besides the network infrastructure (wired and mobile), the GSDI (Figure 1) can
be seen as composed of three important and quite different types of ingredients (Van

Oosterom et al, 2000, Groot and McLaughlin, 2000):

o Geo-data sets in different domains. Framework data sets like cadastres, but also coverage
data pertaining to soil, land use, hydrography, geology and transportation are all
necessary tools of effective government. Framework data provide information on people
and the land where they live and work. They supply information on the location of
administrative boundaries and of objects like buildings and roads. They provide
information on type of soil and pollution, ownership (land tenure), value and use of the
land as well as geological information. Framework data/information can help
governments to determine how to deal with land in their policies to combat poverty, to
achieve sustainable settlement goals and to manage natural resources. A special sub set of
geo-data are foundation data. This is the fundamental geographical reference for all other
thematic application data. Foundation data concern Geodetic Control, National Digital
Elevation Model, Ortho Imagery, the Topographic Template and Geographic Names. All



these data sets should be well defined with respect to their data model, thematic contents,
quality, accuracy, actuality, and so on.

e Geo-Data Services in general and the geo-DBMS specifically. The Geo-Data Service
Centre (GDSC) harmonises/standardises all data for its application domain. It ensures
they are described in a national metadata standard to facilitate the sharing of these
resources by other potential users. The GDSC also enforces the information policies that
control access, use and planning, in keeping with legislation and overall government
policy. The geo-data sets are maintained in geo-DBMSs and are served to users from
these geo-DBMSs via networks or traditional means. For these purposes, the DBMS has
to support spatial data types and operators (simple analysis and selection-oriented
queries), spatial clustering and indexing (for large data sets), and if possible support for
advanced analysis (topology-based analysis). Also, temporal support is required in the
form of some kind of future standard TSQL (Snodgrass, R.T., I. Ahn and G. Ariav, 1994)
or in the meantime through some other (non-standardised) means: extension for a specific
DBMS or explicitly in the application data model.

o [nteroperability standards are required to enable the integration of the different data sets
and to combine the geo-data processing services. In fact, different organisations and
individuals using each other’s geo-data sets in a digital environment can be regarded as
parts of a distributed computing environment. One of the most obvious examples of this
is an internet GIS retrieving on-the-fly data from different sources on the internet. To
operate in such a heterogeneous world (different types of hardware, operating systems,
geo-DBMSs, geo-data sets) interoperability standards at many levels are required.

All three ingredients have different aspects, which can be either technical or non-technical
(organisational, financial, legal, etc.).

One of the most time-consuming tasks when implementing a GIS is obtaining geo-data. First,
relevant data sets and sources have to be located, then these data sets have to be copied and
converted into the local (DBMS of a) GIS. Some reasons why this process is so time-
consuming are that it may be difficult to find the data, the data model of the source may be
very different from the model implemented by the local system, the supported exchange
formats of source and destination are different. To improve this situation, much effort is
needed to create a GSDI, which should at least cover the following aspects: consensus on the
geometric parts of the data model; support for both raster and vector data (including different
spatial reference systems); a formal description of the geo-data sets (and geo-processes), that
is, metadata standards, covering both the spatial and non-spatial aspects; access to and query
the metadata and how the result of such a query is returned, this is called catalog services;
selection of the geo-data; format (and transfer) of the resulting geo-data set. Instead of
always copying data sets from one system to another, a new scheme becomes feasible once
the above aspects are covered by implementations of geo-standards. This new scheme allows
to keep the data at the source, which can then be used all over the world. At the client side, no
data management is needed for data originating from other sources. This scheme also allows
fair pricing of geo-data, because every time data from the source is used (possibly through a
local cache) the user can be charged for this. Currently, in the full data set copy scheme the
user has to pay for the whole data set, even if certain data (regions) are not used at all (in a
certain period). The new data at the source scheme allows fairer pricing, both viewed from
the vendor’s and buyer’s points of view.



An early pilot in this area started in 1996 and was called Geoshop (Berg C. van den et al,
1997). The following partners were
involved: the municipality of Almere,
a cable TV company (Casema), and
the Cadastre. It was based on the C++
Magma (server) and Java Lava
(client) software developed by
Professional GEO Systems (PGS); see
Figure 2.

e Figure 2:  Geoshop example of
Internet GIS.

Important characteristics are: access data form multiple and heterogeneous sources (Ingres,
Informix, DXF files), raster and vector data at server and client side, client side software
platform independent (Java platform). No attempt was made to implement the payment
aspects as this was expected to be a more generic issue, also treated outside the GI
community. Also, no standards for querying (meta) data and for returning the results were
available at that time (1996).

3.2 OpenGIS Standards

The OpenGIS Consortium (OGC) and the official standardisation organisations (ISO and
CEN) have addressed several aspects of the interoperating framework. In this section, we will
focus on the OGC as they also (re-)use official ISO standards when appropriate. OGC has
basically two levels of standards: abstract (comparable to 'official' standards) and
implementation standards. Implementation standards describe the exact interfaces (protocols)
of a (part of) an abstract standard in the context of a specific distributed computing platform.
An overview of the OpenGIS domain can be found in the OpenGIS Guide (Buehler, K. and
L. McKee, 1998). In Section 3.2.1, the feature geometry data model will be discussed. The
next section covers the aspects of metadata and catalog services. Finally, Internet GIS
standards are described in Section 3.2.3.

3.2.1 Feature Geometry

The first OpenGIS implementation standard was related to the feature geometry abstract
specification. It was called Simple Feature Specification (SFS) and it standardised the basic
spatial types and functions. The implementation specification for the SFS are described for
three different platforms: SQL (OpenGIS Consortium, 1998), Corba, and OLE/COM.
Currently, OpenGIS is revising/changing the feature geometry abstract specification to be
consistent with the draft standard ISO TC 211 Spatial schema (ISO TC 211/WG 2, 1999):
covering also 3D types, more geometric primitives (curve and surface types), and complex
features (topology). What is still missing is the implementation specification of topology for
specific platforms comparable to the implementation specification for simple features. What



the abstract feature geometry and implementation simple feature specifications are for the
vector model, are the abstract earth imagery and the implementation grid coverage (OpenGIS
Consortium, 2000b) implementation specifications for the raster data model.

3.2.2 Metadata and catalog services

With respect to the contents and structure of the metadata, the OGC decided more or less to
adopt the work by ISO TC 211 (ISO TC 211/WG 3, 1999). Much attention of the OGC has
been paid to the related aspect of catalog services (OpenGIS Consortium, 2000a), describing
how to access the metadata (and also data describing available computing services). This
standard can and will be used in realising clearinghouses for geo-information all over the
world; e.g., the new NCGI in the Netherlands (A4bsil et al, 1997) will be based on this
OpenGIS standard.

3.2.3 Internet GIS

Strongly related to the previous standards, metadata and catalog services are the 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 can be retrieved and combined in the
web-browser. However, instead of querying and receiving metadata, now the geo-data itself
is queried and received. The OGC has created in this area:

e the implementation specification Web Map Server Interface (OpenGIS Consortium,
2000d) for the query aspects using three basic functions: GetCapabilities (what is
available on the server), GetMap (raster images, graphic primitives or data) and
GetFeature info (fetch attributes), in addition the Web Feature Server Interface can be
used for updating information and has functions for locking and committing transactions,
and

e the recommendation Geography Markup Language (GML) (OpenGIS Consortium,
2000c) (simple features in XML with XSLT 'stylesheet' for presentation) for vector data
transfer.

The query from a client uses the well-known structure of an Internet URL. The OGC has
specified the names of the query parameters (e.g., BBOX, LAYERS, FORMAT) and the
meaning and allowed values for these parameters. An example of a GetMap query:

http://b-map-co.com/servliets/mapservlet ?WMTVER=0.9&REQUEST=map&
BBOX=-88.68815,30.284573,-87.48539,30.989218&
WIDTH=792&HEIGHT=464&SRS=4326&

LAYERS=AL+Highway, AL+Highway, AL+Highway&

STYLES=casing, interior, label&FORMAT=GIF&TRANSPARENT=TRUE

With respect to the different types of clients OGC has developed a model to compare these
clients. See Figure 3: 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 (OpenGIS Constortium, 2000c¢), is processed at the client
side).
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Figure 3: Different levels to exchange geo-information (OpenGIS Consortium, 2000d).

It is clear that when a certain process is not executed at the client side, the work has to be
done at the server side. For example, generation of graphic primitives from GML data and/or
convert graphic primitives into images (rendering). The FORMAT parameter in the query
indicates what type of result should be sent back; in the example above a GIF image is
requested. This could also have been a request for GML data. Below a fragment of a GML
data sets is shown, taken from the domain of topographic mapping (Vries, De et al, 2001).
The Topographic Service of the Netherlands has enriched a standard topographic map
(1:10,000), which was converted into a GML (2.0) prototype by TU Delft. The format and
structure resemble the well known HTML format where everything has a begin and an end
tag: the whole object (tdn:SpoorbaanDeel), thematic attributes (tdn:begindatum) and
geometric attributes (gml:Polygon).

<tdn:SpoorbaanDeel f£id="TOP10.4200001">
<tdn:topl0_1d>4200001</tdn:topl0_id>
<tdn:begindatum>06 Jul 2001 08:08:24</tdn:begindatum>

<tdn:verkeersgebruik>Tram</tdn:verkeersgebruik>
<tdn:aantal sporensl</tdn:aantal sporens
<gml :geometryProperty>
<gml:Polygon srsName="EPSG:7408” >
<gml:outerBoundaryIs>
<gml :LinearRing>
<gml:coordinates>
191008.456,447232.635,0.
190955.904,447235.469,0.
190924.668,447229.093,0.
190957.890,447227.719,0.
191006.570,447224.861,0.
</gml:coordinates>
</gml:LinearRing>
</gml:outerBoundaryIs>
</gml:Polygon>
</gml :geometryProperty>
<tdn:hoogteniveau>0</tdn:hoogteniveau>
</tdn:SpoorbaanDeel >

190990.713,447236.938,0.0 190972.849,447239.952,0.
190940.491,447231.646,0.0 190923.831,447229.355,0.
190942.211,447223.787,0.0 1950944.282,447224.343,0.
0
0

o O O o

190973.223,447231.776,0.0 190989.103,447229.096,0.
191008.456,447232.635,0.

O O O O o
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3.3 Unified Modelling Language and eXtensible Markup Language

For the several decades, the different modelling techniques have been employed in the design
and development of information systems. Now, we have reached the stage of a world-wide
acceptance of a standard modelling language: the Unified Modelling Language (UML) Booch
et al, 1999). It supports a rich set of graphical notation describing classes, objects, activities,
states, workflow, use case, components, nodes and the relationships among them. It provides
significant benefits to system designers and organization by building rigorous, traceable and
maintainable models, supporting development lifecycle. It is used for modelling both the
data aspect (structural) and the functional aspect (behavioural) of information systems
supporting both external and internal requirements. Thus, UML models can be used to
describe and implement various components and their links of cadastre and land registration
systems within the scope of management framework for developing information systems and
their business processes (Tuladhar, 2002). There are three most important components in
UML.: use case diagram to capture external environments (user requirements and behaviours),
activity diagram to show how use case can be realized, object model (system behaviours)
showing interaction between actors and entity objects, and information model (commonly
known as ‘class diagram’, which resembles the well-known entity-relationship diagrams).
Since it is based on object-oriented technology, it can effectively be used to design a generic
model. To this end, the simple and generic cadastral system can be developed on the top of
Simple Feature Specification (refer to section 3.2.1) using UML.

An international consortium promoting the use of object-oriented information technology is
maintaining the UML standard: the Object Management Group (OMG).

eXtensible Markup Language (XML) is the standard for the exchange of structured
information and plays an important role in the Internet. Data models can be described within
either a Document Type Description (DTD) or, more advanced an XML Schema document
(W3C, 2000a, W3C, 2000b). XML documents must obey some basic rules: they must be
‘well formed’ (have corresponding begin and end tags) and ‘valid’. An XML document is
valid when its structure is conform to the definitions and declarations in the model (given in
DTD or XML Schema). The XML, DTD and XML Schema standards are developed and
maintained by the world-wide web consortium (W3C). XML Schema has a ‘connection’ to
UML.: the data part of the (UML) model can be transformed into the XML Schema (by hand
or automatically). Many tools exist to manipulate the XML data and know how to interpret
the models. The advantages of XML in general are that it is well readable by humans and
machines (in contrast to binary formats), international (support of Unicode for non-western
languages), methods to process XML documents are available (e.g. develop an XML Style
Sheet Transformation, XSLT to convert a DLM into a DCM), extensible with own parts
(using the ‘XML Schema’ language (W3C, 200a and W(C3, 2000b)). Moreover it is very well
supported by all kinds of software in the market (ranging from the web-browser to the
DBMYS).
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Financs As stated in the user requirements cadastral systems
need to be generic and flexible because of the
changing requirements over time. Flexible
information systems are also one of the main
motivations behind the model driven architecture
(MDA) also promoted by the OMG (Siegel, 2001).
The MDA is based on models of information systems
(components) being described in UML. Other
advantages of the MDA approach, specifically for
today's highly networked, constantly changing
systems environment, are: portability, cross-platform
interoperability, platform independence, domain
specificity, and productivity. Figure 4 shows the
MDA in relationship with the different technologies
being incorporated (including UML) and the
relationship with the different domain specific
models.

Now, returning to our specific domain, the spatial or geographic information of which the
cadastral data form a sub set. There is a growing demand to distribute the geo-information in
a more open transfer format. Geography Markup Language (GML) and its underlying
technologies, OpenGIS specifications and OMG and W3C standards, have been introduced
above. Now we will show some aspects in a little more detail. Two XML Schemas describe
GML itself: the geometry schema and the feature schema. The UML schema belonging to the
geometry schema is shown in Figure 5. With version 2.0 the OpenGIS Consortium decided
only to use XML Schema to convey the structure of GML files (and not DTD anymore). The
GML specification is basically a set of XML Schema documents with element declarations
and type definitions plus a hierarchical structure for the relationships between types. In this
way the specification offers a framework that can be used by organisations to make their
specific XML application schemas for their GML implementations.

Space

Figure 4: OMG’s Model Driven
Architecture (from Siegel, 2001).
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3.4 Developments in Database Technology

Both developments in hardware and software and in database technology will influence the
future development of the Geographic Information Infrastructure. Current extensible DBMSs
(ASK-Openingres 1994, ESRI, 1999) are very well capable of storing spatial data. Also
simple queries like zooming in and zooming out can be handled efficiently. However, more
complex operations, like map overlay, on the fly generalisation, enforcing correct topology
during updates etc., are still not within reach of these systems. New developments in DBMS
technology that can help to build a new generation of spatial DBMSs are for example
Extensible (Object Relational) DBMSs, Object Oriented DBMSs, and Very Large Memory
(VLM) Databases. The current status of the mainstream DBMSs with respect to handling
geo-information can be found in the Appendix 2.

3.5 Location Based Services

Mobile information society is developing rapidly as mobile telecommunications moves from
second (GSM) to third (UTMS) generation technology. The Internet and its services are
coming to wireless devices. Location-based services (LBS) personal navigation are parts of
mobile multimedia services. Personal navigation is a service concept in which advanced
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 destination. (Rainio, 2001).

The architecture of LBS consists of components from

three different disciplines:

1. positioning of the mobile terminal, either based on
the mobile phone network or on a positioning system
such as GPS, GLONASS or Galileo;

2. wireless communication network, either based on
GSM, GPRS or UTMS;

3. geo-information and geo-services based on GIS
technology.

The three disciplines have one thing in common: in one

way or the other the concept of location is important.

Figure 6: The transmission
senders and the positioning of the
mobile phone.

The supply of services is visible to the users as different service applications, in the
background of which can be generic services and technologies, like data management,
customer administration, data security, etc. Service applications can support all modes of
transport (walking, skiing, vehicles such as the wheelchair, bicycle, motorbike, skidoo, car,
taxi, bus, train, ship, plane, etc.). The services can include address, route, timetable, weather,
accommodation, restaurant, and other guidance, traffic and travel services, as well as a
description of any commercial and public services to be positioned. The nature of the
information can be travelling directions, historical and cultural information, programme and
event information, official regulations, etc. Safety is enhanced by the automatic transmission
of the terminal device’s location when making emergency calls. Positioning and the
transmission of location data can also be applied with different kind of orders and when
trying to locate a lost person, animal or object (Rainio, 2001). The use of mobile phones and
personal digital assistants (PDAs) is growing rapidly. Wireless data transfer, mobile
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multimedia and mobile Internet are the main trends in mobile telecommunication. The third
generation network, UMTS (Universal Mobile Telecommunication System) will provide 5-10
times more efficient data transfer links (300 kbit/s) than in conventional Internet modem use.
Mobile data networks are also being joined by Wireless Local Area Networks (WLAN 11
Mbit/s) and other wireless data transfer systems (Bluetooth 770 kbit/s); although their
coverage is limited to one hundred metres. One directional data transfer for digital television
and radio offers up to 20 Mbit/s. This could be partly utilised for other data transfer.

4. PROPOSAL AND CONCLUSIONS

In this paper, we have first tried to get an overview of the general user requirements of
cadastral systems based on the work done by the UN/ECE and the UN/FIG. This was
augmented with user requirements from the Dutch Cadastre. One thing became very clear:
cadastral systems are dynamic; they do have to change over time in order to support society
in a sustainable manner. With these user requirements in the back of our mind we did analyse
the recent Geo-ICT developments in a broader sense, that is, including as information system
modelling standards, database technology, positioning systems, Internet development,
wireless communication and acceptance of geometry standards within general ICT tools, on
cadastral systems. It can be concluded from this analysis that the development and
maintenance of the cadastral systems can benefit a lot from the new Geo-ICT and even
completely new functions are now becoming possible (e.g. LBS).

However, in spite of the now available standards (for modelling UML), exchanging
structured information (XML) and geo-information standards (OpenGIS Simple Features,
Web Map servers, GML, etc.), there is still one important aspect missing. This is a standard
and accepted base model for the cadastral domain. This should include both the spatial and
administrative part and be based on the above mentioned core standards. Within the
OpenGIS consortium there are several special interest groups (SIGs) working on generic
domain models on which specific applications can be founded by assembling parts adhering
to this domain model. The generic domain models itself are based on the core technology
models (such as for geometry, time, meta data, etc.). The standardised cadastral domain
model should be described in UML schemas and accepted by the proper international
organisations (FIG, OpenGIS...). This will enable industry to develop products. And in turn
this will enable cadastral organisations to buy these components and develop (and maintain)
systems in an even more efficient way. More than two years ago the Technical Committee
(TC) of the OpenGIS Consortium tried to set up a 'Land Title and Tenure SIG' without
success. This in spite of several other successful domain SIGs within the OGC, such as
Telecommunications, Defence and Intelligence, Disaster Management, Natural Resources
and Environmental, etc. It is time to join forces between the FIG and the OpenGIS
Consortium and start working a standard and accepted cadastral base model. This model can
be used in (nearly) every country. Of course, on top of this cadastral base model, parts of the
system may be added for specific situations in a certain country. That is, the model can be
extended and adapted according to the theory of object-oriented systems.
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Appendix 1: RDBMS Spatial Data Management

This is a summary of a Product Survey published in GIM International, 2002-2 (Editor: Christiaan Lemmen).

Questions

Answers by

Oracle (Spatial Option),

Computer Associates (Ingres II, Spatial Object Library),
IBM Informix (Informix Dynamic Server) and

Sybase (Adaptive Server Enterprise 12.5, with Spatial Query Server
Option)

Supported spatial data types (to be applied direct in
SQL)

Spatial data-types (vector oriented) supported by your
RDBMS

For products all spatial data types supported in Simple Feature
Specification + circles, arcs, combinations of arcs and lines and
rectangles

Spatial data-types (raster oriented) supported by your
RDBMS

Not supported, only some ‘output formats’ like jpg, gif, bmp, png,
geotiff

Supported spatial data operators (to be applied direct
in SQL)

Could you give an overview of spatial data-operators
(vector oriented) supported by your RDBMS

A wide range of (OpenGIS-ISO/SQLMM compliant) spatial
operators and functions is available in all products.

Could you give an overview of spatial data-operators
(raster oriented) supported by your RDBMS

Not supported, except classical way of storage in Binary Large
Objects

Spatial indexing

Is there a specific spatial index supported by your
RDBMS for fast data retrieval

Yes

If answer is “Yes’: which spatial index

Support for Quad-tree (most products) and R-tree (most products),
sometimes a B-tree is used in a smart way

Spatial data clustering

Is spatial data clustering supported for better access
performance? Spatial data clustering means spatial
data storage is organized in such way that spatial
objects which are ‘near’ to each other on disk

Not really.

If yes: which method of spatial data clustering is
supported

One product uses Hilbert functions

Support in topology

Is there any support in storage of topologic
relationships

Not supported

Is topologic structure management supported to
support the realisation of a planar partition (e.g.
cadastral parcels) or linear networks

Not supported

Do you support ‘Clementini’ and ‘Egenhofer’
operators

More and more products have support of more and more of these
operators.

3D GIS support

Can 3d GIS be supported by your RDBMS

Support depends on GIS tool

Can 3D coordinates be stored in your data types?

One product supports for 3D storing of lines/points/polygons. R-
Tree supports 3D indexing, but no 3D operators. Linear
Referencing can be 4D.

Other products also support 3D representation but not for all data-

types
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Do you support spatio-temporal models? E.g.: can
you support maintenance of history (reconstruction of
the past) with functionality in your RDBMS?

Most products support spatio-temporal models

If yes: could you summarize (max. 100 words) how
this is organized

One approach: it works by maintaining versioned tables, which
implies a.o. that the version will always be part of the primary key.
Workspace Manager can consolidate versions, by tracking changes
to handed out copies. Other approach: since these are relational
data-types, we can maintain a time attribute as another column in
the table containing the spatial data.

Internet-GIS

Can you support Internet-GIS applications with your |[Yes
RDBMS

VLM

Very Large Memory (VLM) is not only important for |Yes

spatial data management support. But because of the
performance of a RDBMS in a VLM environment it is
important to know if your RDBMS runs in VLM
environment

Other

Please give an overview of specific advantages or
your product for management of large spatial data sets

A selection of replies:
e  Coordinate System Support,
e  Whole Earth indexing. Spatial data can be portioned
e  Performance
e Ease of data management
e Storage of Geodetic information

Could you give an overview of strategic partnerships
within the GIS industry

Most RDBMS providers have strategic partner ships with GIS
suppliers

Is your company a member of the Open GIS
Consortium

Yes for one RDBMS supplier, No for others

For which specification is your RDBMS Open GIS
compliant

One supplier replies: Several specifications, including: Simple
feature specification, Open Location Services, GML 2.0 and WKT
(Well Known Text). Other suppliers N/A
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Opening Address

Dursun BAK, Major-General

Commander of the General Command of Mapping,
National Mapping Agency of Turkey
and Head of the National Society of Photgrammetry
and Remote Sensing in Turkey

Ladies and Gentlemen,

I want to start with my thanks

e to the organization committee who bring together both the representatives of OEEPE and
ISPRS which have considerable contributions to the spatial data quality with worldwide
activities

e and to the representatives of the international scientific and application institutions

e as well as to all chairmen, speakers and participants contributed to this workshop.

Before taking about the subject of this workshop I want you know that I am sorry for that [ will
not be able to participate in the workshop completely because of the meetings that I have been
attending since the 18™ March in Istanbul.

The importance of the technology is obvious for all disciplines of profession. Especially
developments in Information Technology increase the importance of information and give the
opportunity to store, manage and use the spatial information in computer environment, which
was provided and used on paper maps before. Thus, the term map is replaced with digital
geographic information, in other words “spatial data”.

As you might suppose, the most important component at the process of making geo-related
decisions is spatial data. Furthermore, the accuracy of these decisions depends on the quality of
spatial data used. Therefore, the spatial data quality is of great importance. Because the
accuracy and reliability of decisions made by using the spatial data of poor quality will less.

Having this fact into consideration, people, institutions and organizations are making use of
maps before and spatial data now require quality data whereas producers are trying to produce
quality data in parallel with this requirement.

Being aware of the importance of the spatial data quality, General Command of Mapping, as the
National Mapping Agency of Turkey gives a special consideration to this subject and makes
every effort to actively participate in the activities carried out in the frame of his membership to
the international scientific organizations such as ISO, ISPRS, OEEPE, ICA, etc which deal with
spatial information.

Within this context, I believe this workshop organized by the General Command of Mapping
and Istanbul Technical University in the view of OEEPE and ISPRS will make considerable
contributions to the international studies carried out about spatial data quality. I thank again to
all who contributed to this workshop and hope much success with my regards.
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OEEPE/ISPRS Joint Workshop
on Spatial Data Quality Management (SDQM)
- An Editorial Report

M. Orhan ALTAN (1), Hayati TASTAN (2)

(1) Chairman of the OEEPE WG on SDQM & Organizer of the Workshop on SDQM,
Head of Division of Photogrammetry, Istanbul Technical University, Maslak, Istanbul.

(2) Co-chairman of the OEEPE WG on SDQM & Co-organizer of the Workshop on SDQM,
Head of System Develoment Section, Inf. Sys. Dept., General Command of Mapping, Ankara.

1. HISTORY

In 1999, General Command of Mapping as the OEEPE National Member of Turkey, has made the
Project Proposal "Developing a Spatial Data Quality Management System" in co-operatation with
the Photogrammetry Division of the Istanbul Technical University. As being aware of the
importance of the spatial data quality management, OEEPE accepted this proposal and setup a
Working Group on Spatial Data Quality Management to lead the project. The project was started
with an initial questionnaire to determine the possible participants to the project. But, unfortunately,
the attraction to the project was too small. (Altan, 1999).

At the 97 the steering committee meeting in 2000, WG-SDQM has been tasked to organize a Phase
0 Workshop to identify key quality aspects to be studied in this SDQM project. The last two days of
May 2001 was decided as the workshop date. Then taking the work to do, such as determination of
the experts to invite, sending invitation emails or faxes, evaluating the replies, finalizing the agenda
and sending the agenda to the OEEPE, into consideration a date shift to 1-2 October 2001 together
with the following preliminary agenda have been proposed and accepted at the 98th OEEPE
Steering Committee Meeting (Altan, 2000):

-1st Plenary Session (half day) on "Priorities for data quality (Keynote speech)" with a possible
workshop breakout issue "What aspects of data quality are most important in an online world"

-2nd Plenary Session (half day) on "Managing Data Quality Experience and Perspective from
National Mapping Agencies" with a possible workshop breakout issue "How do we distinguish
customers' real needs for data quality from what they say they need".

- 3rd Plenary Session (half day) on "Managing Data Quality Experience and Perspective from
National Mapping Agencies" (continued) with a possible workshop breakout issue "How do quality
issues differ from those for paper maps"

- 4 the Plenary Session (half day) on "Industry perspectives" with a panel debate "How do
system developers and international customers relate to issues of data quality”

According to the decision taken at the 98th OEEPE Steering Committee meeting, necessary
attempts have been made to organize the workshop in October 2001. In this frame, pre-
announcements and invitations covering the place, date and other details of the workshop have been
sent to the regarding addresses. But the number of papers and registrations has not reached to a
sufficient level. The reason was thought as being that the workshop preparation period overlaps
with the summer season. Thus for being prepared in a much more longer time period a suggestion to

OEEPE/ISPRS Joint Workshop on Spatial Data Quality Management, 21-22 March 2002, Istanbul.
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postpone the workshop to 21-22 March 2002 and organize as a OEEPE/ISPRS Joint Workshop, as
already been accepted by ISPRS Council before the OEEPE meeting, was accepted by the OEEPE
Steering Committee, as well (Altan, 2001).

Finally, as the first step to start the OEEPE Project "Developing a Spatial Data Quality
Management System", OEEPE WG-SDQM together with the ISPRS Commission IV has organized.
In this organization, General Command of Mapping has prepared and hosted an OEEPE Workshop
Web page (http://www.hgk.mil.tr/oeepe.htm) covering all the information on the workshop, which
was linked from OEEPE and ISPRS Web Pages. The General Command of Mapping has also done
preparation and mass production of the master CDROM covering the papers presented to the
workshop. 5001 Euro from the Project budget have been used for the accommodations of the seven
speakers excluding those from Turkey. The workshop has been realized as a joint workshop on
spatial data quality management hosted by the General Command of Mapping (National Mapping
Agency of Turkey) and Division of Photogrammetry of the Istanbul Technical University on 21-22
March 2002 in Istanbul. 25 people (16 from Turkey) have participated to the workshop.

2. WORKSHOP

At the opening address, Major General Dursun BAK, Commander of the General Command of
Mapping (National Mapping Agency of Turkey and National Member Organization to OEEPE) and
the Head of Turkish Society of Photogrammetry and Remote Sensing (TSPRS), has pointed out that
the accuracy and reliability of decisions depend on the quality of spatial data used and thus spatial
data quality management is an important issue to be focused on.

a. Oral Presentation Sessions

During the three oral presentation sessions, eight papers are presented whereas three breakout
sessions are performed.

M.Orhan ALTAN, Chairman of the first session, Head of Davison of Photogrammetry of the
Istanbul Technical Photogrammetry and Chairman of the OEEPE WG SDQM as well as Director of
the ISPRS 2004 Congress, has briefed on the history of this OEEPE Project with the stress on the
importance of the spatial data quality. First session consisted of two oral presentations and the first
break

Andrew FRANK, the Key Speaker of the workshop, has made the first presentation of the
workshop with the title "Today's Priorities for Data Quality". During his speech he pointed out that
"Abstract assessment of data quality is not effective: different aspects of data quality affect different
decisions differently, thus a general assessment is not possible." At the conclusion he said that "All
errors in the data affect the decision, but some error affect decisions more than others and the users
are interested in the dominant error - most errors in a data set have minimal effect on the decision."
with a future work to develop "error models for all data types (relate to Scales of Measurements)
and statistical propagation rules for discrete models" (Frank, 2002).

Hayati TASTAN, Co-chairman of the OEEPE WG SDQM, has made the second presentation of the
workshop with the title "Spatial Data Quality - Concepts and Standards". He introduced the concepts
for the spatial data quality management at both general- and specific level together with the general

information about the ISO Technical Committee 211 as well as the purpose, scope and content of the
related ISO standards (ISO 19913, ISO 19114, ISO 19115) (Tastan and Altan, 2002)

OEEPE/ISPRS Joint Workshop on Spatial Data Quality Management, 21-22 March 2002, Istanbul.
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Costas ARMENAKIS, Head of the ISPRS Commission IV, has chaired the second session
including two speakers and second breakout session.

Jorgen GIVERSEN, from National Survey and Cadastre - Denmark, presented the paper
"Implementing the ISO 19100 Standards in Denmark's national Datasets (Sea charts, TOP10DK
and the cadastral map)". He gave the first hand impressions together with problems they
encountered during the implementation of the ISO 19113 and 19114 data quality standards in three
major datasets in Denmark (Giversen, 2002).

Qystein ANDERSEN, from Department of Mapping Sciences - Agricultural University of Norway,
presented the paper "Implementing the ISO 19113 and ISO 19114 Standards in Norway's National
Geodatabases". He provided a short description on how ISO19113 and ISO19114 was implemented
into a set of standards which has the purpose to ensure necessary quality of public geodata-bases in
Norway and highlighted some of his experiences (Andersen, 2002).

The third session chaired by Oystein Andersen covered three oral paper presentations and the
second breakout session.

Andrew SMITH, Head of Corporate Geospatial Data Management - Ordnance Survey, has
presented "Spatial Data Quality Management at Ordnance Survey" describing the Ordnance Survey’s

experience with the process of spatial data quality management and offered some thoughts on future
challenges (Smith, 2002).

Anreas Busch, from Federal Agency for Cartography and Geodesy, has presented "Quality
Management of ATKIS Data" explaining a concept and their developments for automated quality
control of the area-wide available topographic vector data set ATKIS® in Germany using images
(Busch and Willrich, 2002).

Rudolph DEVILLERS, from Université Laval, Québec-Canada, has made the presentation "Spatial
Data Quality: From Metadata to Quality Indicators and Contextual End User Manual". He described
an approach that aims to reduce the risks of misuse of geospatial data by comparing data producer’s
specifications and data users needs and providing indicators describing data quality to users. He
pointed out that a system, named Multidimensional User Manual (MUM), allows the management
of geospatial data quality and the communication of the quality information using indicators that
can be analyzed at different levels of detail (Devillers, et al., 2002)

Anders OSTMAN, from Luled University of Technology - Sweden and member of the AGILE
(Association of GI Laboratories in Europe), has presented "Web Bases Services for Data Quality
Evaluation - A User Oriented Approach" based on open systems, as defined by the specifications
from the Open GIS Consortium (OGC). He suggested that OEEPE and ISPRS consider establishing
international activities within the field of spatial data quality, a co-operation with the AGILE
Working Group on Spatial Data Usability is encouraged.

b. Breakout Sessions

At the first breakout session, the issue "What aspects of quality are most important in an online
world" was discussed by two groups separately which were led by Andrew Smith and Andreas
Bush. After discussions in different rooms the groups came together and the leaders of these groups
presented the views of their groups on this issue. From the oral presentations, "Aspects of quality
which are important in an online world" are listed as follow:

OEEPE/ISPRS Joint Workshop on Spatial Data Quality Management, 21-22 March 2002, Istanbul.
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Speed to access data

Availability of up-to-date data, metadata and index of data
Service

Type of payment

Scrutiny and tools to compare and evaluate

Being closer to customers

Query of data

Security and Copyrights

Interoperability

Exchange formats

Temporality

Availability of software, online interfaces for WEB access
Most important quality aspects (omissions, consistency, completeness)
Feedback (direct & rapid) and corrective action

Delivery (downloading)

Selection capability

Scale & Contents (heterogeneous)

On-line order

Marketing tool

Information about possible use or limitations

At the second breakout session, the issue "How do we identify customers' real needs for data
quality, by comparison with what they say they need? " is discussed again by the same two groups
separately which were led by Andreas Ostman and Rudolph Devillers. As at the first breakout
session, after discussions in different rooms, the groups came together and the leaders of the groups
presented the views of their groups. From the oral presentations, the answers to the issue of that
breakout session are listed as follow:

e There are two types of customers: Professionals & Non-Professionals in Geographic

Information.

Customers’ identification is not easy. That is, target customers first.

We should better know their usage and applications of geographic information.

We should provide sample data, for example some users want bigger lettering.

We should identify what users want: maps or other forms of communication.

Actions for visualization, spatial measurements and queries are not equal to information on

quality.

How many customers need information about quality.

e Instead of Quality Information, products should have brands what help to recognize the
products and to know easier the quality needed.

e We should answer these questions first:

- Do they know their needs?

- How do the customers describe their needs?

- How to measure the junction point between supply & demand curves for data quality?

e Asaresult we can identify customers' real needs by:

- Feedback process of customers through questionnaires, pilot projects and education

- A range of products with different acceptable quality levels for different needs

- Measuring users' satisfaction

- Negotiations.

OEEPE/ISPRS Joint Workshop on Spatial Data Quality Management, 21-22 March 2002, Istanbul.
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At the third breakout session, the issue "How should we define an OEEPE Project on Spatial Data
Quality Management?" is discussed by two groups together, which were led by Hayati Tastan. After
discussions, agreed are on the following topics:

e Data sets (test & reference) should be common.

e Procedures for spatial data quality management should be user specified both for data
quality model and data quality specs.

e Test and reference data sets may be composed of both imagery and vector data.

e Important points for this project are:

- Scale / resolution / level of data

- Format interoperability

- Metadata

- Two versions of dataset for different dates

3. CONCLUSION

This successful workshop has been the first step to start the OEEPE Project on SDQM with a
number of valuable contributions from OEEPE and ISPRS member countries covering both
theoretical and practical aspects of the spatial data quality management.The next step is supposed to
be a new project proposal on spatial data quality management taking the important aspects of both
oral presentations and breakout sessions and the suggestions of the steering committee into
consideration. Although works on preparing this new project proposal has already started, after
taking the suggestions of the OEEPE Science Committee and the approval for the continuation of
the project by the OEEPE Steering Committee, it will be finalized and circulated by the end of June
2002.

Acknowledgments:
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1. OVERVIEW

Information for decision making: Spatial decisions
Closed loop semantics

Assessment of quality with respect to decision quality
Agent simulation for evaluation

What are the next steps?

SEMANTICS IS OF IMPORTANCE

The currently pressing questions of GIScience are all related to ontology and semantics:
o Data quality
o Value of data

o Usability of data

DATA QUALITY RESEARCH

Needs a fresh framework.
The current (20 year old) concept of
o Location-
o Temporal-
o Thematic-
Quality is not effective.

Standards based on these concepts are resisted by practitioners. They seem not to answer the
right questions.

DATA QUALITY CAN ONLY BE ASSES WITH RESPECT TO A DECISION

Abstract assessment of data quality is not effective:

OEEPE/ISPRS Joint Workshop on Spatial Data Quality Management, 21-22 March 2002, Istanbul.
10



e Different aspects of data quality affect different decisions differently. A general assessment
is not possible.

e There seem to be some (limited number) of typical spatial decisions.

5. CLOSED LOOP SEMANTICS

e To define the semantics of data, the data has to be linked to the physical observation during
the data collection.

e To decide about the usability of the data it has to be linked to the physical actions resulting
from the decision.

e Connect the collection to the action changing the world: This closes the loop!

6. INFORMATION IS USEFUL IN DECISION MAKING
e [t is only useful in decision-making.

e Often the decisions are chained and earlier decisions (e.g. about further data collection) must
be related to the final physical action.

7. SPATIAL DECISIONS ARE ALLOCATION DECISIONS

e All spatial decisions are decisions about the allocation of some spatial objects to a specific
use.

e This is not always immediately visible — how is a navigation decision an allocation?

e Most practical decisions are complex and consist of a combination of individual
contributions to the decision.

8. THREE TYPES OF SPATIAL DECISIONS

e Spatial decisions are about the allocation of
o Point
o Line
o Area
objects.

e The determination of the shortest path is a ‘allocation of line objects’.

9. EFFECT OF ERROR ON DECISION
e FErrors affect decision. How much?

e [t is sufficient to study a trivial algorithm, because any more effective algorithm must
produce the same result (they are isomorphic).

10. TRIVIAL DECISION ALGORITHM

e Produce all possible solutions
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e Evaluate their utility

e Select the solution with highest utility

11. HOW DOES ERROR AFFECT THE DECISION
e Excludes solutions
e Influences the utility and leads to the selection of a sub optimal solution.

e Decision-making is a discrete problem (remember diophantian equations?)

12. SIMULATION OFTEN NEEDED
e No closed formulae for the propagation of error.

e Consider correlation (specifically spatial autocorrelation)

13. EXAMPLE: SHORTEST PATH
e Allocation of a set of connected lines leading from a to b
e Optimal solution: shortest (minimal sum of length)
e Incomplete data or errors in topology make you miss a solution.

e Error in length affect the choice (hypothesis: effect cannot be more than the total sum of the
errors of individual segment length)

14. WHAT IS ACHIEVED IN THIS FRAMEWORK?

e Linkage to value of data: Value of data is economically related to the assessment of the
improvement of the decision by the information

e Value of quality can be assessed (for a specific decision situation).

15. CONCLUSIONS
e All errors in the data affect the decision, but some error affect decisions more than others.

e The users are interested in the dominant error — most errors in a data set have minimal effect
on the decision.

16. FUTURE WORK
e Error models for all data types (relate to Scales of Measurements?)

e Statistical propagation rules for discrete models
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Abstract

This document introduces the concepts for the spatial data quality management at both
general- and specific level together with the general information about the ISO
Technical Committee 211 as well as the purpose, scope and content of the related ISO
standards (ISO 19913, ISO 19114, ISO 19115).

Keywords: Spatial Data Quality, Quality Management, Quality Evaluation, ISO/TC 211.
1. INTRODUCTION

Spatial datasets are increasingly being shared, interchanged and used for purposes other than those
intended by their producers. The opportunity for data users to select any spatial dataset is
expanding. The value of data is directly related to its quality and therefore information about the
quality of available spatial datasets is vital to the selection process. Spatial data users confront
situations requiring different levels of data quality. Extremely accurate spatial data is required by
some data users for certain needs and less accurate spatial data are sufficient for other needs.
Information about the quality of spatial data is becoming a decisive factor in its utilisation.
Technological advances allow the collection and use of geographic datasets whose quality can
exceed that which is needed and requested by spatial data users.

The purpose of describing the quality of spatial data is to allow the selection of the spatial dataset
best suited to application needs or requirements. Complete descriptions of the quality of a spatial
dataset will encourage the sharing, interchange and use of appropriate spatial datasets. A spatial
dataset can be viewed as a commodity or product. Information on the quality of spatial data allows a
data producer or vendor to validate how well a dataset meets the criteria set out in its product
specification and assists a data user in determining a product’s ability to satisfy the requirements for
their particular application.

2. CONCEPTS
2.1 General Concepts

The world of the spatial data quality contains a number of concepts which need being clarified.
Even though the terms spatial and spatial data seem to be clear enough quality together with these
terms brings new concepts, such as internal quality, external quality, quality check, quality
evaluation, quality inspection, quality assurance, quality model, quality management, quality
management system.

OEEPE/ISPRS Joint Workshop on Spatial Data Quality Management, 21-22 March 2002, Istanbul.
13



The Quality of a product or a service is defined as "the totality of characteristics of an entity that
bear on its ability to satisfy stated and implied needs" (ISO 8402, 1994). In this definition, stated
needs are the needs described explicitly in the product or service specifications while implied needs
are those needs not explicitly specified because they are implied by the common understanding of a
product or service (e.g. a knife must cut, a pencil must write).

This definition can be divided into an "external" component and an "internal" component when
applied on spatial data. The External Quality (EQ) is the appropriateness of the specifications to
the users needs : is our product well defined and does it correspond to an actual need among the
community of users? The Internal Quality (IQ) is the respect of specifications: have we produced
what was intended in the specifications. Quality is good if both internal and external quality are
good ; quality may be poor if one or both components are poor. (Dassonville, 1999)

Quality Model (QM) is a set of quality parameters (such as accuracy, completeness, etc.) and their
measures (such as, Circular Error, Standard Deviation, etc. to be used to measure the quality of a
spatial data set and compare it to a reference dataset.

Quality Evaluation (QE), Quality Check (QC) or Quality Inspection (QI) is the process of
measuring the quality of spatial dataset and comparing it to reference dataset. This process
measures how well a spatial dataset meets its specification. QE deals with internal quality. These
measures are quality parameters among those that are described within standards (lineage,
positional and semantic accuracy, completeness, consistency and temporal accuracy). To measure
quality we may use software, visual examination or “ground truth”, we need to have a reference
dataset.

Assessing and checking the quality of a product or a service only at the final stage of the production
line (QE) are not enough. Specifying a Quality Model, defining the product specifications according
the quality model, the quality of production processes of the spatial data set and procedures to
achieve the quality objectives of the organisation in respect with the quality policy together with the
definition of responsibilities and production interfaces comprise the Quality Assurance (QA). In
other words, QA is the process of defining the production process precisely and check that the
producers have the necessary training and qualifications to do their job. QA involves the necessary
actions to provide adequate reliance that a product or a service satisfy the given requirements.
Quality Control (QC) may be broadly construed as “the science of discovering and controlling
variations” by limiting them with the purpose of maintaining conformance of the product with the
design specifications and user requirements. Thus, QC and QA may be used interchangeably.

Quality Management (QM) may be defined as a quality management approach of an organization,
centred on quality, based on the participation of all its members and aiming at long-term success
through customer satisfaction" (ISO 8402, 1994; .

A Quality Management System (QMS) can be defined as the managing structure, responsibilities,
procedures, processes, and management resources to implement the principles and action lines
needed to achieve the quality objectives of an organisation. A QMS can be seen as a complex
system consisting of all the parts and components of an organisation dealing with the quality of
processes and products.
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The objectives a QMS can be summarized into five groups (CERCO WG on Quality, 1999):

e A better management and a more effective organization: This idea includes a strong
intention of increasing benefits and productivity, by standing the amount of product inspection and
cost investments in production control closely related to the level of users’ satisfaction. It includes
also explicitly a feasible way for solving organisational problems by defining -clearly
responsibilities and interfaces, for giving transparent rules applicable by every employee, for
introducing continuing improvement as a regular part of day-to-day leadership. It is promoting a
philosophy of measurement, calibration and accountability every time where it is required, when
any risk may occurs ; costs are saved when quality inspection is positioned cautiously where there is
a risk of non-quality. The goals are the reduction in overlapping-repeated- corrective work and
unnecessary processes and wasted products, the protection of know-how and the reduction in
training costs when staff changes.

e An increase of workers’ satisfaction and more commitment to the organisation : A well
implemented QMS gives not only more satisfaction to the management, but also to all the other
employees. With a QMS they have a tool to demonstrate they have done 100% of the job. They also
know to whom and where to give a direct feedback on (new) methodologies from there own
experience. They will have a clear view on the demands of the customers, in terms of quantity as
well as quality.

e Better customer satisfaction: The reason about users’ satisfaction mentions the intention of
fulfilling customers’ needs. It gives a framework for having a consistent and improved approach to
customers, and it provides a model for customers and partners, which perhaps sets the need of a
mutual understanding (and therefore a common language for explaining needs and translating them
into specification, but also for answering customers’ claims). A QMS provides control and
inspection proves to customers, giving more information on the products. The results of a QMS
consist of a lot of quality proves produced all along the production steps, and giving trust to
customers, before they use the product. The goal is the customer focus by actively reviewing
customer needs through dialogue; making customers aware of new products and services; ensuring
the organisation is aware of customer needs; corrective action when the product or service fails to
meet expectations.

e Improved quality of products, services and processes : it means as much to define the
product closest from the users’ requirements (specification) than to reduce non-conformance and to
track what happened during production ; it implies to develop a high control on processes, by
describing and harmonising them, observing them, simplifying and optimising them. The
knowledge on processes gives the possibility to detect errors, to manage them and to avoid
repeating the same error. The goal is the continual improvement — of products, services, working
environment, staff development, and management and production processes.

e Promotion : A QMS may also have to improve the corporate image of the organisation. It eases
the cooperation among NMAs, by standardising rules inside the quality management field.
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2.2 Specific Concepts

Specific concepts regarding spatial data quality management are listed in the ISO 19113. Some
them are presented at Table 1.

of

spatial quality

one or more characteristics of geographic data that describe the extent that it is
fit for use

accuracy

the closeness of observations to true values or values accepted to be true

data quality element

component of the quality of a data set documenting quantitative information

data quality model

formed structure for identifying and assessing quality information

data quality overview
element

component of the quality of a data set documenting non-quantitative
information

data quality scope

identified collection of data for which quality information is repeated

data quality measure

type of test applied to a data quality scope

data quality evaluation
procedure

operations used in applying and reporting a data quality measure

feature type

class of features with common characteristics

data quality result

value or set of values resulting from applying a data quality measure to a data
quality scope or the outcome of evaluating the obtained value against a
specified acceptable quality level

data quality unit

type of value that a data quality result is being reported in. Examples are
meters, percentage, Boolean, etc

data quality metrics

result of a described quality measure consisting of value or set of values of a
defined data quality unit

conformance

fulfilment by an implementation of all requirements specified

conformance quality
level

threshold value or set of threshold values for data quality results by which a
data producer determines how well a data set meets the product specification

data set

identifiable collection (A data set may be any grouping of data limited by some
constraint such as spatial extent or feature; for purposes of quality evaluation, a
data set may be as small as a single feature or feature attribute contained within
a larger data set.)

data set series

collection of data set s sharing the same product specification data

direct evaluation
method

method of evaluating the quality of a data set based on inspection of the items
within the data set

data quality evaluation
procedure

operation(s) used in applying and reporting a data quality measure

full inspection

inspection of every item in a data set

indirect evaluation
method

method of evaluating the quality of a data set based on estimates derived from
external knowledge such as data set usage, lineage, production method, and
quality of source data used for the production

item that which can be individually described or considered (An item may be any
part of a data set , such as a feature, feature attribute, or combination of these)

population group of items under consideration (e.g. All polygons in a data set, the name
attribute of all roads in a certain geographic area)

sample set of items drawn from and analyzed to estimate the characteristics of a

population

Table 1. Specific concepts for spatial data quality management
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3.1ISO STANDARDS FOR GEOGRAPHIC INFORMATION

International Standardization Organization’s Technical Committee 211 (ISO/TC 211) has been
developing a family of standards on Geographic Information/Geomatics which are also cold as ISO
19100 series. 13 plenary meetings have been convened by this committee since 1994 as of today
(March 21, 2002). The chairman if TC211 is Olaf Ostensen from Norwegian Mapping Authority
and the secretary is Bjernhild Sateray from Norwegian Technology Centre. The committee has 30
active members and 20 observing members as shown at Table 2 and Table 3, respectively. As of the
date October 26, 2001 (13th plenary meeting of ISO/TC 211,Adelaide, Australia), the scope of work
is carried out by 9 working groups and consists of 37 standards where as 15 of them are almost
ready as “Draft International Standard (DIS)” as shown at Table 4 (ISO/TC 211 Web Page, 2002a
& 2002b).

This committee aims to establish a structured set of standards for information concerning objects or
phenomena that are directly or indirectly associated with a location relative to the Earth. These
standards may specify, for geographic information, methods, tools and services for data
management (including definition and description), acquiring, processing, analyzing, accessing,
presenting and transferring such data in digital/electronic form between different users, systems and
locations. This work shall link to appropriate standards for information technology and data where
possible, and provide a framework for the development of sector-specific applications using
geographic data.

The objectives of these standards are

e increase the understanding and usage of geographic information,

e increase the availability, access, integration, and sharing of geographic information,

e promote the efficient, effective, and economic use of digital geographic information and
associated hardware and software systems,

e contribute to a unified approach to addressing global ecological and humanitarian problems.

Australia Denmark Japan Saudi Arabia Switzerland
Austria Finland Rep. of Korea South Africa Thailand
Belgium Germany Malaysia Spain Turkey
Canada Hungary Morocco Sweden United Kingdom
China Italy New Zealand Saudi Arabia US.A
Czech Rep. Jamaica Norway South Africa Yugoslavia
Table 2. Active Members of the ISO/TC211
Argentina Greece Mauritius Philippines Tanzania
Colombia Iceland Netherlands Poland Ukraine
Cuba India Oman Slovakia Uruguay
France Isl. Rep. of Iran | Pakistan Slovenia Zimbabwe

Table 3. Observing Members of the ISO/TC211
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NO NAME STATUS | WG
19101 Geographic information — Reference model DIS 1
19102 Geographic information — Overview (Deleted) | 1
19103 Geographic information —Conceptual schema language CD 1
19104 Geographic information —Terminology CD 1
19105 Geographic information — Conformance and testing NWI 1
19106 Geographic information — Profiles DIS 5
19107 Geographic information — Spatial schema DIS 2
19108 Geographic information — Temporal schema DIS 2
19109 Geographic information — Rules for application schema DIS 2
19110 Geographic information — Feature cataloguing methodology DIS 3
19111 Geographic information — Spatial referencing by coordinates DIS 3
19112 Geographic information — Spatial referencing by geographic DIS 3

identifiers
19113 Geographic information — Quality principles DIS 3
19114 Geographic information — Quality evaluation procedures DIS 3
19115 Geographic information — Metadata DIS 3
19116 Geographic information — Positioning services CD 4
19117 Geographic information — Portrayal DIS 4
19118 Geographic information — Encoding CD 4
19119 Geographic information — Services DIS 4
19120 Geographic information — Functional standards TR 7
19121 Geographic information — Imagery and gridded data TR 1
19122 Geographic information/Geomatics — Qualifications and Certification of TR 7
Personnel
19123 Geographic information — Schema for coverage geometry and functions CD 2
19124 Geographic information — Imagery and gridded data components NWI 6
19125-1 | Geographic information — Simple feature access - Part 1 : Common DIS 4
architecture
19125-2 | Geographic information — Simple feature access - Part 2 : SQL option | DIS 4
19125-3 | Geographic information — Simple feature access - Part 3 : COM/OLE NWI 4
option
19126 Geographic information — Profile - FACC Data Dictionary NWI 7
19127 Geographic information — Geodetic codes and parameters WD 9
19128 Geographic information — Web Map server interface NWI 4
19129 Geographic information — Imagery, gridded and coverage data framework | WD 6
19130 Geographic information — Sensor and data models for imagery and gridded | WD 6
data
19131 Geographic information — Data product specifications NWI 9
19132 Geographic information — Location based services possible standards NWI 8
19133 Geographic information — Location based services tracking and navigation | NWI 8
19134 Geographic information — Multimodal location based services for routing | NWI 8
and navigation
19135 Geographic information — Procedures for registration of geographical inf. | NWI 9
Items

WG: Working Group; NWI: New Working Item; TR: Technical Report; WD: Working Draft; CD: Committee Draft;
DIS: Draft International Standard; FDIS: Final Draft International Standard; IS : International Standard

Table 4. Scope of Work of the ISO/TC211
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4.1SO STANDARS FOR SPATIAL DATA QUALITY

The task of ISO/TC 211 is carried out by 9 working groups that are organized in several geographic
categories (Table 5). Each working group is responsible for developing specific parts of the ISO
19100 standards series (Table 4).

WG Geographic Category
1 Framework and reference model
2 Geospatial models and operators
3 Geospatial data administration
4 Geospatial services
5 Profiles and functional standards
6 Imagery
7 Information communities
8 Location based services
9 Information management

Table 5. SISO/TC 211 Working Groups.

Regarding the ISO Standards for Spatial Data Quality, Working Group 9 that is dedicated to
Geospatial Data Administration, is responsible for developing standards on Quality Principles (ISO
19113), Quality Evaluation Procedures (ISO 19114) and Metadata (ISO 19115). Metadata standard
is partially related to spatial data quality. This standard is integral in that it provides the schema
used to report the quality information.

ISO 9000 standard series are not directly related with spatial data quality, for they are general
purpose standards developed from the basis of the need to control the quality of any type of
production process. In other words, they concentrate on inspection of the ability to produce products
not on the product inspection.

4.1 ISO 19113 (Geographic Information —Quality Principles)

Purpose of the Standard: A consistent suite of geographic information schemata allows
geographic information to be integrated with information technology. The goal of this standard is to
produce a subschema for the quality characteristics of geographic information. Quality information
is essential to both the use and reuse of geographic information. A standardized conceptual schema
for spatial data quality characteristics will increase the ability of geographic information created for
one application to be properly evaluated for use in another application. The schema will be used by
geographic information users add quality parameters to data being created and to evaluate the data
received from other sources. Geographic information system and software developers will use the
schema to provide applications that provide consistent methods of handling quality information.
This standard should fit the quality assessment methods of the ISO 19114.

Scope of the Standard: This International Standard establishes the principles for describing the
quality of spatial data and specifies components for reporting quality information. It also provides
an approach to organizing information about spatial data quality. This International Standard is
applicable to spatial data producers providing quality information to describe and evaluate how well
a dataset meets its mapping of the universe of discourse as specified in the product specification,
stated or implied, and to data users attempting to determine whether or not specific spatial data is of
sufficient quality for their particular application. This International Standard should be considered
by organizations involved in spatial data acquisition and purchase, in such a way that it makes it
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possible to fulfil the intentions of the product specification. This International Standard can
additionally be used for defining application schemas and describing quality requirements.
Although this International Standard is applicable to digital spatial data, its principles can be
extended to many other forms of spatial data such as maps, charts and textual documents. This
International Standard does not attempt to define a minimum acceptable level of quality for spatial
data. (ISO/TC 211 Web Page -2)

Content of the Standard: This standard comprise the terms and definitions, data quality elements
and data quality sub-elements, data quality descriptors for data quality sub-elements, data quality
overview elements, identifying and reporting quantitative- and qualitative quality information. This
standard also contains normative and informative annexes, such as “Abstract Test Suite”, “Data
Quality Concepts and Their Use” and examples defining data quality elements for different data sets
such as “Digital Chart of the World”, “Digital Terrain Map”, “Land Use Dataset”, “3D Road
Network Database”.

Data quality elements:

e completeness: presence and absence of features, their attributes and relationships;

e logical consistency: degree of adherence to logical rules of data structure, attribution and
relationships

e positional accuracy: accuracy of the position of features;

e temporal accuracy: accuracy of the temporal attributes and temporal relationships of features

e thematic accuracy: accuracy of quantitative attributes and the correctness of non-quantitative
attributes and of the classifications of features and their relationships.

Data quality subelements

e completeness;
o commission: excess data present in a dataset,
o omission: data absent from a dataset.

e logical consistency;
o conceptual consistency: adherence to rules of the conceptual schema,
o domain consistency: adherence of values to the value domains,
o format consistency: degree to which data is stored in accordance with the physical
structure of the dataset,
o topological consistency: correctness of the explicitly encoded topological
characteristics of a dataset.

e positional accuracy;
o absolute or external accuracy: closeness of reported coordinate values to values
accepted as or being true,
o relative or internal accuracy: closeness of the relative positions of features in a
dataset to their respective relative positions accepted as or being true,
o gridded data position accuracy: closeness of gridded data position values to values
accepted as or being true.

e temporal accuracy;
o accuracy of a time measurement: correctness of the temporal references of an item
(reporting of error in time measurement),
o temporal consistency: correctness of ordered events or sequences, if reported,
o temporal validity: validity of data with respect to time.

e thematic accuracy
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o classification correctness: comparison of the classes assigned to features or their
attributes to a

o universe of discourse: (e.g. ground truth or reference dataset),

o non-quantitative attribute correctness: correctness of non-quantitative attributes,

o quantitative attribute accuracy: accuracy of quantitative attributes.

Descriptors of a data quality subelement:
Quality information shall be recorded for each applicable data quality subelement. The mechanism
for completely recording information for a data quality subelement shall be the use of the seven
descriptors of a data quality subelement:
e data quality scope
data quality measure
data quality evaluation procedure
data quality result
data quality value type
data quality value unit
data quality date

Data quality overview elements:

e Purpose: Purpose shall describe the rationale for creating a dataset and contain information
about its intended use.

e Usage: Usage shall describe the application(s) for which a dataset has been used. Usage
describes uses of the dataset by the data producer or by other, distinct, data users.

e Lineage: Lineage shall describe the history of a dataset and, in as much as is known, recount
the life cycle of a dataset from collection and acquisition through compilation and derivation
to its current form. Lineage may contain two unique components:

o source information shall describe the parentage of a dataset,

o process step or history information shall describe a record of events or
transformations in the life of a dataset, including the process used to maintain the
dataset whether continuous or periodic, and the lead time.

4.2 ISO 19114 (Geographic Information —Quality Evaluation Procedures)

Purpose of the Standard: Consistent methods of reporting the quality of geographic information
will not be enough to assure consistent evaluation of data set quality. The quality information
reported for a geographic information data set will also depend on a consistent application of
standardized methods for measuring the quality of geographic information. The results of one
method of measuring quality may not be readily comparable to another although each is valid. A
standardized set of evaluation criteria and procedures will guarantee that the relative quality of one
data set versus another can be determined. For the most part, this standard will be used by
geographic information users when they create data of when they evaluate data from other sources.
Geographic information system and software developers may also use this standard to build tools
for carrying out quality procedures within their application software.

Scope of the Standard: This International Standard provides a framework of procedures for
determining and evaluating quality that is applicable to digital geographic datasets, consistent with
the data quality principles defined in ISO 19113. This International Standard also establishes a
framework for evaluating and reporting data quality results either as part of data quality metadata
only or also as a quality evaluation report. This International Standard is applicable to data
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producers when providing quality information on how well a dataset conforms to the product
specification and to data users attempting to determine whether or not the dataset contains data of
sufficient quality to be fit for use in their particular applications. Although this International
Standard is applicable to all types of digital geographic data, its principles can be extended to many
other forms of geographic data such as maps, charts and textual documents.

Content of the Standard: This standard comprise the flow and steps of the process for evaluating
spatial data quality together with direct and indirect evaluation methods. This standard also contains

examples for evaluating, sampling, aggregating and reporting data quality information.

Spatial Data Quality Evaluation Steps:

Selecting Data Quality Element : Using the product specification, the data producer identifies the
data quality element or data quality elements, which have to be evaluated to determine conformance
to the specification. Using the user requirements, the data user selects the data quality element or
data quality elements that have to be examined to determine how well the data set meets user
requirements. Data quality elements are (as stated before) completeness, logical consistency,
positional accuracy, temporal accuracy, thematic accuracy.

Selecting Data Quality Sub-element: Using the product specification, the data producer identifies
the data quality sub-element or data quality sub-elements, which have to be evaluated to test for
conformance to the specification. Using the user requirements, the data user selects the data quality
element sub-element to be evaluated in the test for how well the data set’s quality meets the user
requirements. Data quality sub-elements are (as stated before) horizontal accuracy, vertical
accuracy for positional accuracy; classification (feature & attribute) accuracy and quantitative
attribute accuracy for thematic accuracy; temporal accuracy, temporal consistency and temporal
validity for temporal accuracy, feature completeness, attribute completeness and spatial
completeness for completeness; domain, format and topological consistency for logical consistency.

Selecting Data Quality Scope: The data producer shall determine the scope of the quality evaluation
on each sub-element that is necessary to test for conformance to the specification and meet the
intended product purpose. Each data quality sub-element may have a different scope or multiple
scopes depending upon the product specification. Using the user requirements, the data user defines
the scope of the quality evaluation necessary to test for how well the data set’s quality meets the
user requirements.

One data quality scope is provided for each applicable data quality sub-element. A data quality
scope can be a data set series to which a data set belongs, the data set, or an identified reporting
group. The product specification and data quality overview elements are used to determine a data
quality scope for each applicable data quality sub-element. If a data quality scope cannot be
identified, the data quality scope shall be the data set.

Quality can vary within a data set. Multiple data quality scopes may be provided for each

applicable data quality sub-element to more completely report quality information. A data quality

scope is adequately identified. The following can be used to identify a data quality scope:

o the level, such as a data set series to which a data set belongs, the data set, or a reporting group,

e the types of items (lists of feature types and feature attributes) or specific items (lists of feature
instances and attribute values),

e the geographic extent,

e the temporal extent, including the time frame of reference and accuracy of the time frame.
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Selecting Data Quality Measure: One data quality measure is provided for each data quality scope.
A single data quality measure might be insufficient for fully evaluating a data quality scope and
providing a measure of quality for all possible utilization of a data set. A combination of data
quality measures can give useful information. Multiple data quality measures may be provided for
a data quality scope.

Choosing Data Quality Evaluation Method: For each data quality measure selected, the producer or
the user chooses the quality evaluation method to be used. There are two quality evaluation
methods, direct and indirect. The direct method is accomplished by sampling or full inspection of
the data in the data set; the indirect method is accomplished by evaluation of data quality
information from sources other than the data in the data set. Choice of quality evaluation method is
determined by the data producer and the data user.

e Direct evaluation methods: There are two types of direct evaluation methods, full inspection
evaluation method and sampling evaluation method. Full inspection evaluation method involves
testing 100 percent of the items in a population to determine a quality result. Sampling evaluation
method involves testing only a sample of all the items in a population to determine a quality result.
Inspection by sampling and full inspection evaluation methods may be accomplished by either
automated or non-automated means. For example some types of errors, such as feature consistency,
attribute consistency and attribute value consistency can be detected by a computer program
automatically (Tastan, 1999). For inspection by sampling, ISO 2859 (Inspection by attributes) and
ISO 3951 (Inspection by variables) can be utilized. Steps for inspection by sampling are:

o Items are defined. An item is that which can be individually described or considered.
An item may be any part of a data set, such as a feature, feature attribute, or
combination of these.

o The data quality scope is divided into statistical homogeneous lots. Homogeneity
may be evaluated based on the source data of production, production system
(hardware, software, skill of operator), complexity and density of features. A lot is
the minimum unit to which the result of quality evaluation is attached. If the lot does
not pass inspection, the all items in the lot may be discarded or reproduced. In this
sense, the definition of a lot is strongly related with the production process itself. For
example, for a 1:25 topographic database populated from cartographic sources, a lot
can be the coverage of a 1:250 K map sheet (i.e. 96 sheets per lot).

o Lots are divided into sampling units. Sampling unit area is a minimum geographical
area in the model world for which the inspection is conducted for all items belonging
to the geographical unit. Number of items in a lot is considered as lot size. For the
example above, the coverage of a 1:25 K map sheet can be a sampling unit.

o by simple random sampling for inspection, sampling units are selected from each lot.
The number of these units should be taken from the ISO 8422 (Sequential sampling
plans for inspection by attributes) and ISO 8423 (Sequential sampling plans for
inspection by variables). For the example above, 10 out of 96 map sheets may be
selected.

o All items, which belong to the selected sampling units, are inspected.

If the number of non-conforming items reaches a specified rejection number
determined by AQL or LQ, the lot is not accepted. Since the inspection is by
attribute, ISO 2859 applies. If the average and variance of inspected values do not
satisfy limiting conditions determined by AQL, the lot is not accepted. Since the
inspection is by variable, ISO 3951 applies.

o If all the lots are accepted, the data quality scope is accepted.
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e Indirect evaluation methods: Indirect evaluation methods are based on estimates of data
quality measure values from sources other than the data items of the data set. The variety of
sources includes, but is not limited to, metadata, knowledge of the data set’s purpose, data set
lineage documentation, history of uses made of the data set, and quality reports on the data used to
produce the data set. Knowledge of the production process and errors that may have been
introduced or detected during production is useful.

Specifying Conformance Quality Level: Producer or user specifies the conformance quality level
for each data quality measure such that it establishes conformance or non-conformance to the
product specification or user requirement.

Determining Data Quality Values: Data quality values are computed by applying the chosen quality
evaluation method to the related sub-element scope.

Assessing Conformance to Product Specification: Data quality values are compared to the specified
conformance quality levels for each selected data quality sub-element. Assessment results are either
conforming or non-conforming (i.e. acceptable or non-acceptable).

Aggregating Quality Evaluation Results: The quality of a data set may be expressed by an
aggregated quality result. This may require combining quality results from data quality evaluations
based on differing data quality elements or data quality sub-elements, each result with perhaps
different meaning than the others. The purpose of such an aggregation, even of dissimilar data
quality results, is to provide a single measure of data set quality. A data set may be deemed to be of
an acceptable aggregate quality even though one or more data quality elements or data quality sub-
elements fail acceptance. The aggregate data set quality (ADQ) may be evaluated by several
techniques:

e 100% pass/fail method for Aggregate Data Quality (ADQ):
ADQ =v; *¥vy *¥y; ¥ Fyy,

where v; is the data quality evaluation result of each data quality subelement scope (pass:1, fail :0)
and n is the number of quality sub-element measured. If ADQ = 1, then the overall data set quality
is deemed to be fully conforming. If ADQ = 0, then it is deemed non-conforming.

e Waited pass/fail method for ADQ :

ADQ =vi*w; + voFw, +vztws + L+ v twy,

Where w; is the weight (0.0-1.0) of the sub-element, which is based on the significance to the
purpose of the product. The technique does provide a magnitude value indicating how close a data
set is to full conformance as measured.

e Minimum/Maximum Value method for ADQ:
ADQ = MAX(v;,i=1...n)
ADQ = MIN(v;,i=1...n)

The technique does provides a magnitude value indicating how close a data set is to full
conformance as measured, but only in terms of the sub-element represented by the maximum or
minimum.

Reporting Quality Evaluation Results: One data quality result is provided for each data quality
measure. The data quality result shall be either:
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e the value or set of values obtained from applying a data quality measure to a data quality scope,
or

e the outcome of evaluating the value or set of values obtained from applying a data quality
measure to a data quality scope against a specified acceptable quality level. This type of data
quality result is referred to in this part of the International Standard as pass-fail.

A data quality result contains the following quality indicators:
data quality scope,

data quality measure,

data quality evaluation procedure,

data quality result,

data quality value type,

data quality date.

These results are reported as metadata or additional data quality report. Identifiable data quality
overview elements are also stated in the quality reports.

4.3 1S0 19114 (Geographic Information —Metadata)

Purpose of the Standard: A consistent suite of geographic information schemata allows
geographic information to be integrated with information technology. The goal of this work item is
to produce a schema for geographic information metadata. Metadata includes information about the
currency, accuracy, data content and attributes, sources, prices, coverage, and suitability for a
particular use. Data describing a data set is becoming ever more important for locating and
accessing information of all kinds. A standardized conceptual schema for geographic information
metadata will increase the ability of geographic information created for one application to be found
and properly evaluated for use in another application. The schema will be used by geographic
information users to add metadata in a consistent and verifiable form to data being created and to
evaluate quickly and accurately the data being selected from other sources. Geographic information
system and software developers will use the schema to provide applications that provide consistent
methods of handling metadata.

Scope of the Standard: This International Standard defines the schema required for describing
geographic information and services. It provides information about the identification, the extent, the
quality, the spatial and temporal schema, spatial reference, and distribution of digital geographic
data. This International Standard is applicable to:

e the cataloguing of datasets, clearinghouse activities, and the full description of datasets;

e geographic datasets, dataset series, and individual geographic features and feature
properties.

This International Standard defines:

e mandatory and conditional metadata sections, metadata entities, and metadata elements;

e the minimum set of metadata required to serve the full range of metadata applications (data
discovery, determining data fitness for use, data access, data transfer, and use of digital
data);

e optional metadata elements — to allow for a more extensive standard description of
geographic data, if required;

e amethod for extending metadata to fit specialized needs.

Content of the Standard: This standard comprise UML (Unified Modelling Language), metadata

applications together with annexes covering metadata schemas, data dictionary for geographic
metadata, metadata extensions and profiles, abstract test suite, comprehensive dataset metadata
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application profile, dataset metadata profile (XML DTD), metadata extension methodology,
metadata implementation, hierarchical levels of metadata, implementation examples, multilingual
support for free text metadata element.

5. CONCLUSIONS

The ISO standards on Spatial Data Quality may be used
e both by spatial data producers who are providing quality information to describe and assess
how well their spatial data set meets its mapping of the universe of discourse as specified in the
spatial data product specification
e and by spatial data users who are attempting to determine whether or not specific spatial
data is of sufficient quality for their particular application and for describing their quality
requirements.
On one hand, the subject “Spatial Data Quality Management” has long been considered an
attractive and hot topic at GIS symposia and workshops. On the other hand, the user community of
spatial data quality composed of both spatial data producers and users continue to ask when ISO
standards will be ready to be used and bear fruit in the form of usable tools that can be applied in
practical life (Tastan, 1997; Tastan, 1999; Tastan & Altan, 1999; Tastan & Altan, 2000). In respond
to this question two progressive steps might be suggested:
e Transforming ISO Standards for Spatial Data Quality into useful and practical software
application tools
e Improving these tools so that they can be used in conjunction with COST GIS software
packages trough an international open spatial data format (e.g. Geography Markup
Language — GML v3.0).

REFERENCES:

CERCO WG on Quality,2000, Handbook for Implementing a Quality Management System in a
National Mapping Agency.

Dassonville,L., F.Vauglin, A.Jakobsson, C.Luzzet (1999). Quality management, data quality and
users, metadata for geographical information, /n Proceedings of the International Symposium
on Spatial Data Quality '99, pp. 133-143.

ISO 8402, 1994, Quality management and quality assurance - Vocabulary.

ISO/TC 211 Web Page, 2002a, http://www.isotc211.org/pow.htm (last updated 2002-02-16),
accessed 21 February 2002.

ISO/TC 211 Web Page, 2002b, http://www.isotc211.org/scope.htm (Last updated 2002-01-31),
accessed 21 February 2002.

ISO /DIS 19113, 2001, Geographic Information - Quality principles.
ISO / DIS 19114, 2001, Geographic Information - Quality evaluation procedures.
ISO / DIS 19115,2001, Geographic Information - Metadata.

ISO 2859, Inspection by Attributes.

OEEPE/ISPRS Joint Workshop on Spatial Data Quality Management, 21-22 March 2002, Istanbul.
26



ISO 3951, Inspection by Variables.

Tastan, H., 1997, An Automatic Quality Control System for Digital Elevation Models, In:
Proceedings of the Second Turkish-German Joint Geodetic Days (Eds. M.Orhan Altan, Lothar
Griindig), pp.677-686, Berlin.

Tastan, H., 1999, Data Quality in Geographic Information Systems (in Turkish), PhD. Thesis
(Supervisor: Prof.Dr.M.Orhan Altan), Istanbul technical University, Division of Geodesy and
Photogrammetry Engineering, Istanbul.

Tastan, H. and Altan, M.O., 1999, “Spatial Data Quality”, /n: Proceedings of the Third Turkish-
German Joint Geodetic Days (Eds.M.Orhan Altan, Lothar Griindig), Istanbul, June 1-4,
Istanbul, pp.15-30.

Tastan, H. and Altan, M.O., 2000, Automatic Checking of Feature and Attribute Consistency of a
Spatial Database, International Archives of Photogrammetry and Remote Sensing, Vol.
XXXIII, Part B4/3, Com. IV, pp.1066-1073, Amsterdam.

OEEPE/ISPRS Joint Workshop on Spatial Data Quality Management, 21-22 March 2002, Istanbul.
27



Implementing The Iso 19100 Standards
in Denmark’s National Datasets
(Sea Charts, Top10dk And The Cadastral Map)

Jorgen Giversen

National Survey and Cadastre - Denmark
Rentemestervej 8, DK-2400 Copenhagen NV

Abstract

The National Survey and Cadastre — Denmark, has decided to investigate the
possibilities for implementing the ISO 19113 and 19114 data quality standards in our
three major datasets (The Sea charts, The TOP10DK and The Cadastral Map). A
group of internal experts has come to the conclusion, that it is possible to use the
standards as a common way of describing data quality. We have also taken the first
steps in implementing the ISO 19113 and 19114 data quality standards in the Cadastral
Map system. I will try to give you some first hands impression on that.

We have also encountered a lot of problems, when trying to read, use and implement
the standards. Especially on understanding the text in the standards and the different
terminology in different chapters. We have also been discussing the test procedures
(sampling methods etc.) At the end I will try to give some information on where we are
going in the next step.

1. INTRODUCTION

In this paper I will try to explain what the National Survey and Cadastre — Denmark is doing to
implement a common set of data quality standards to give a common way of describing data quality
for the 3 major Danish spatial datasets. First of all KMS (Danish for National Survey and Cadastre
— Denmark) has not implemented what I am going to describe in the next chapters. We are, at the
moment, in the middle of a total organisational restructuring and refinancing process. Because of
that, the standardisation process has been halted for some time. I hope that it will come alive in the
very near future.

The KMS has the responsibility for updating, develop, maintain and assure data quality for the 3
major digital Danish spatial datasets. The TOP 10DK (topographic dataset in 1:10.000 for
Denmark). The digital Nautical see charts. The digital Cadastral map.

2. BACKGROUND

In 1997/98 the board of directors decided to form a group to be in charge of all kinds of
standardization projects. Among their responsibilities was the standardization of data quality
descriptions.
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2.1 The standardization group

The standardization group formed in 2000 a group of experts from all the offices that has the
responsibilities for the 3 major spatial data sets in KMS. The group also consisted of some experts
for our IT-office and some standardization experts from other offices. The purpose for the group
was to investigate the possibilities to use a common set of standards that describes the data quality.

2.1 Group of experts

The group of experts were formed to investigate the ISO 19100 set of standards. The group had to
find out if the ISO quality standards could be used to give a common quality description for our 3
major data sets. The conclusion was that we could use the ISO 19100 set of standards for that

purpose

3. IMPLEMENTING THE “LIGHT” VERSION OR THE “FULL” VERSION?

One of the main discussions in the group of experts was how could we possible convince the top
management that it would be a good idea to start implementing the ISO 19100 set of quality
standards in the production and in the data models for the data sets?

One of the first things that we discovered was that we had to use a lot of effort and resources to
implement the standards as is described in the documentation. We had to find a way were we could
make some shortcuts. But basically we concentrate on the following issues, as you all probably
know.

The quality can be put into 2 categories the quantitative components and the qualitative
components. The quantitative components are the direct measurable, either by internal tests, for
instance topology, or by external tests against a reference data set. The qualitative components are
not directly measurable, but attaches to the origin etc. of the data set.

The quantitative components consists of:
e Completeness
- Omission
- Commission
e Thematic accuracy
- Classification correctness
- Quantitative attribute correctness
- Non-quantitative attribute correctness
e Spatial accuracy.
- Absolute external accuracy
- Relative internal accuracy
- Gridded data position accuracy
e Temporal accuracy
- Accuracy of a time measurement
- Temporal consistency
- Temporal validity
e Logical consistency.
- Conceptual consistency
- Domain consistency
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- Format consistency
- Topological consistency
The qualitative component consists of:
e Origin of the data set.
e Purpose for the data set.
e Usage — For what purpose is the data set designed.

For a more detailed definition and explanation of each components please look in the
documentation of ISO 19113 and ISO 19114.

3.1 The full version

The full version was a way that we thought would be a very huge task to overcome. By the full
version we mean that we take all aspect of the standards, both all the mandatory issues and all the
non-mandatory issues under consideration.

3.2 The light version

The light version was discussed because it would be more suitable for KMS compared to the full
version. The light version consists of many different shortcuts. First of all we only take the
mandatory stuff, and then we make some adoptions to make it fit better into the 3 different data sets
data models.

4. EXPERIENCES FROM IMPLEMENTING THE ISO 19113 AND 19114 IN THE
CADASTRAL MAP SYSTEM, SO FAR.

4.1 The Cadastral map approach

The first data set that we looked at was the Cadastral Map, because we decided that we should start
here to do the deeper investigation.

4.2 Categories

When we looked at the data set, we decided to make a categorization of all the features. The
categories are as follows:
e Fixed points
Administrative boarders
Cosmetic information (for different scales)
Cadastral identification
Forest registration
Topographical information
Other cadastral information
Boundaries
Boundary points
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4.3 Sheets

After we had made the categorization we looked at each category to find out how it would fit into
this schema.

Scope Boundaries
Data quality Relevant
element Data quality subelement |? Course
All boundaries has to come from the
Completeness Commission Yes real world
All boundaries has to come from the
Omission No real world
Logical consistency |Conceptual consistency  |Yes Not mandatory to check
Here is a great possibility for human
Domain consistency Yes errors
Format consistency No Not mandatory to check
In spite of the harmonization process
Topological consistency |Yes still actual
Absolute or external The map has to be shown with other
Positional accuracy [accuracy Yes geometry
Relative or internal
accuracy Yes Some boundaries has to be straight
Gridded data position
accuracy No Not in the map
Accuracy of a time
Temporal accuracy [measurement No The map will always be up to date
Temporal consistency No The map will always be up to date
Temporal validity No The map will always be up to date
The boundary has to be the right
Thematic accuracy |Classification correctness [Yes feature class
Non-quantitative attribute
correctness No Not mandatory
Quantitative attribute
accuracy No Not mandatory

Table 1. Shows if it is relevant to test a certain category the different data quality elements

After we had investigated each category, we started to look at each feature in each category with
some of the following results. Here are some examples.

Data quality components
Scope Boundary, Boundary for roads etc.
Bounding
Bounding Coordinates The hole country except Kebenhavns and
Frederiksberg municipality and Christians
island
Reference System System 1934 / 1945
Data quality element 5 — Thematic accuracy
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Data quality sub elements

2 — Non-quantitative attribute correctness

Measure
Description Pass — Fail
Identification 50202
Method
Type Internal
Description Use computer aided checking to investigate if
the boundaries have the right attribute
information’s. Supplied with some sampling
tests against the archives
| Result
Value type
Value
Unit
Description
Date
Conformance Result
Pass-Fail

Table 2. The figure shows the test report for the feature type Boundary

Data quality components

Scope

Boundary points

Bounding

Bounding Coordinates

The hole country except Kebenhavns and
Frederiksberg municipality and Christians
island

Reference System

System 1934 / 1945

Data quality element

1- Completeness

Data quality sub elements

2 - Omission

Measure
Description Pass-Fail
Identification 10209
Method
Type Internal
Description Visual tests and computer aided tests,
combined with material from the archives.
| Result
Value type
Value
Unit
Description
Date
Conformance Result
Pass-Fail

Table 3. The figure shows the test report for the feature type Boundary points
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Data quality components
Scope Parcel identification, parcel number.
Bounding
Bounding coordinates The hole country except Kebenhavns and
Frederiksberg municipality and Christians
island
Reference System System 1934 / 1945
Data quality element 1 - Completeness
Data quality sub elements 1 - Commission
Measure
Description Pass-Fail
Identification 101010
Method
Type Internal
Description A computer aided test that finds if there is
more than one parcel number for each parcel.
(very seldom)
| Result
Value type
Value
Unit
Description
Date
Conformance Result
Pass-Fail

Table 4. The figure shows the test report for the feature type Parcel number.

As you probably noticed we haven’t filled in the results of the test, the reason for that is very
simple, we have not performed any tests yet :-) I will explain later.

5. PROBLEMS THAT WE HAVE ENCOUNTERED

Well first of all, we found out that if we want to implement the ISO quality standards in the data
sets, we have to allocate a lot of resources to this purpose. We also discovered a lot of difficulties
described below.

5.1 Understanding the text

We found that text in the standards is very difficult to read and understand. Even for
experts it is quite difficult to understand all details in the documentation. We also
found out that we cannot use the documents on every person in the staff, because
the documents are very complex. If we want to implement the standards we need
translate some of the documentation, or write some document that describes the
concepts in a more public language.
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5.2 Understanding the concepts

The concepts of the documents are in some cases very difficult to understand. The reason as I can se
it is that there is used different expressions for the same issues in the different documents. That’s
sometimes very confusing, when you read it.

5.3 Defining test suits, spatial statistics etc.

In the ISO quality documents (19113 and 19114) the test procedures is very short described and the
documents points to another ISO standard concerning general statistics (ISO2859), but when you
work with geographical data you have to consider aspects such as time and space when you develop
strategies for the test procedures.

In the forth-coming work you have to develop strategies for test procedures for geographical data,
among more detailed issues such as:

- How to take representative area from Topl0DK where you have all feature types and they are
equally represented?

- How to take samples from the Cadastral Map; Does it at all make sense to use sampling in this
data set, and what features are relevant to test?

- How do you take a representative sample from the Sea Charts?

There is no doubt that the problems concerning the sampling methods are very different in the 3
different data sets. It demands a great knowledge to statistic sampling methods in general, but you
also need a great knowledge about the object types and the data that are represented in the different
data sets. I will recommend that a group with the proper knowledge are formed to develop the
strategies for the test procedures.

5.4 Reporting internal and external?

We discovered that we had to take care of the reporting process. Quality information that are
attached to the data sets can be divided into 2 groups. Information’s that are stored and used internal
in KMS, and the information that are used by the customers. Well it is so that the to groups of
information is dependent on each other, because one of them is a subset of the other.

The quality can be divided into 3 levels:

1. On top you have a description that covers the whole data set. For instance it can be,
information about the qualitative components.

2. On the next level you take the descriptions on object class level. Quality information on this
level could for instance be how many percent of the lakes are defined in the dataset
compared to ground truth. Defined by the metadata standard (ISO 19115).

3. And on the final level you have all quality information on each object and its attributes. For
instance the geometrical accuracy on each point in the object. Defined by the quality
standards (ISO 19113 and 19114).

The external users have to have access to quality information on all 3 levels. The use of the 3
different levels of information is required on different times in the users use of the data set. The
information that are provided in level 2 also has to be available on level 3, and the same is given for
level 1 to level 2.
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The information that are provided in level 1 are targeted against the users who are searching for
data sets that satisfy their needs in their current situation. That mean that this information are
targeted against metadata services such as the. http://www.geodatainfo.dk/.

The second levels of data quality information are those information’s the users expects to be
delivered to day.

The third level of information’s is targeted to both internal and external users. It will probably be
that type of information that we will deliver in a couple of years. We may expect that it will not be
all of our users that demand this kind of information; some of the external users may not use to
deliver that information in their data sets.

6. WHERE ARE WE GOING IN THE NEXT STEP?

There are a lot of problems that has to be solved. If KMS is serious about describing data quality
according to the ISO 19100 standards such as the ISO 19113 and 19114. Below I will explain what
tasks are essential for that work

e KMS has to gain knowledge about sampling methods in spatial data sets. This knowledge is
present in demark, so we have to either by the knowledge or educate the personnel that
needs the knowledge.

e The work with data quality has to be integrated with the product development and it also has
to be integrated with development of new production and maintenance systems for the data
sets.

e The implementation and use of data quality standards have to have focus by the top
management. One thing is for sure it will demand a lot of resources to implement and use
the quality standards. The increased resources will be used in the following areas:

« Read and understand the ”heavy” documents.

o There is not very much international experience to lean on, because of that,
everything is ”learning by doing”, everything has to be done from the bottom and up.

e You have to understand the concepts, in spite of the inconsequent terminologies in
the standards.

¢« You have to develop test procedures to describe the data quality. Perhaps the test
procedures have to be developed separately for each data set.

« Data has to be tested and described according to the standard. A lot of resources will
be used to educate personnel to develop the test procedures etc. Even if the staff is
well educated, the first tests will take longer, because the personnel haven’t got
routines yet.

o We have to form a group internal in the organisation were we can discuss problems
that we have encountered in the tests the work with the standard. Such a group is
very important in the start of the implementation of the standards, because of much
uncertainty and lack of experience and knowledge

« Tools have to be developed for the tests.

e Methods have to be developed to describe the data quality, the methods and tools that have
to be developed, can hopefully be used in all 3 data sets. But because of the fact that the 3
data sets are different of nature there has to be developed sub tools for each data set.

By implementing the quality standards for all KMS major data sets, the data will be described in
such a manor that our customers/users exactly knows what they get/buy. Which we think is a major
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product enhancement. It also lowers the risk for misunderstanding what the user actually can use the
product to.

But we also has to have in mind that the standards are not final and are certainly not very user
friendly, which demand that the standards has to be revised within a couple of years. The result of a
revision will of course have an effect on the procedures and tools that KMS has developed to
describe the data quality of the data sets.

The board of director decided in the middle of 2001 to continue the data quality work. The
responsibility was placed the cadastral and topographic division, but at the moment the work halted
until a new organisation is formed.

7. CONCLUSIONS AND REFERENCES

The conclusion is, that we can use the ISO 19100 data quality standards to describe the data quality
in the 3 major digital Danish spatial datasets. The TOP 10DK (topographic dataset in 1:10.000 for
Denmark), the digital Nautical see charts and the digital Cadastral map. There is a lot of problems
that we have to solve, but with a lot of effort and top management focus we can have a common
data quality description for all 3 data sets. Witch will benefit both KMS and our customers in the
long term.
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Abstract
This document provides a short description on how ISO19113 and ISO19114 was
implemented into a set of standards which has the purpose to ensure necessary quality

of public geodata-bases in Norway. Some experiences are highlighted.

Keywords: Quality of geodata-bases.

1. INTRODUCTION

In Norway, a set of national standards has been issued since 1999, with the purpose of improving
and ensuring the quality of national geodata-bases.

2. THE SET OF STANDARDS

The following standards have been issued:

Staking out of Survevind and i Quality Product
buildings and ying Maps and: control || specification
Networks . mapping of -
controlling roperty borders geodata: of for largescale
them property . geodata || databases

Quality control of surveying, mapping and geodata
(The Geodata-standard)

Some of the standards are detailed in the following.

Experience 1
The I1SO19113 and ISO19114 standards are made for those who are making national (or regional
standards). They are not suited for being directly used as national standards.
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2.1 Quality control of surveying, mapping and geodata (The Geodata-standard)

This standard provides the foundation for all the other standards, and is based on ISO19113
Geographic information — Quality principles.

The standard defines the quality model (quality elements, subelements and measures). A
subdivision of the area of a community into 4 different quality classes is defined. Data quality

management of geodata and geodata-bases is defined on an overview level. Necessary formulaes
are defined. Plans for the work with geodata-bases are specified. Examples are included.

2.2 Networks

This standard mainly describes how to control the quality of geodetic networks. A special feature is
that requirements are put onto angles and lengths, not onto coordinates of points.

2.3 Staking out of buildings and controlling them

This standard has two purposes: Describing quality control of the staking out of buildings, and how
to measure newly built objects. The newly built objects create a need for updating the databases.
The principle is laid down that it is the builder the should carry trhe cost of utdating the databases.

2.4 Surveying and mapping of property borders

2.5 Maps and geodata

How to do the mapping, including photogrammetric mapping.
2.6 Quality control of geodata

How to check the accuracy of digital maps.

Experience 1
The ISO191 14 standard is not good on the topic of geographical sampling quality control.

2.7 Product specification for largescale databases

The specifications and requirements are found here.
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Abstract

This paper describes Ordnance Survey’s experience with the process of spatial data quality
management and offers some thoughts on future challenges.

Keywords: Ordnance Survey, geospatial data, data quality, data management

1. INTRODUCTION

Ordnance Survey is the national mapping agency of Great Britain. It employs 1800 staff and has an annual
turnover of £100 million (160 million Euros), including an agreement with government for services that are
considered to be in the national interest. The data quality management process can be described
diagrammatically by the following circle of activities (Fig.1):

Customer needs
Advice and
communications Strategy / plans
Assurance Standards
Acceptance Specifications
Testing

Figure 1. The data quality process.

2. CUSTOMER NEEDS

At Ordnance Survey, data quality management starts, as it always should, with the identification of
customers’ changing needs. Regular customer satisfaction surveys and complaint handling procedures feed
in any sources of dissatisfaction with existing products and services. Account managers maintain a constant
dialogue with major customers and business partners, which serves to identify both where existing needs are
not being fully met and how those needs are likely to change in the future. Technology tracking, which is
part of our Research function, keeps a watch on developing technologies that may provide new market
opportunities. Database business managers in our marketing areas synthesize all this information and try to
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define how the spatial data that underpins our various product and service offerings needs to be developed
and enhanced.

This may sound straightforward, but in reality it is still difficult to be sure we are going to be able to meet the
real needs of our present and future customers. In order to be there when they need us, we often have to try
and anticipate their requirements several years in advance, when they are poorly understood and ill defined.
Either over- or under-specifying data quality requirements can be very expensive.

The developments that are currently generating most interest are the location-based services, which
telecommunications companies are hoping to offer in a few years, using third-generation mobile devices. If
the more exciting forecasts are to be believed, one will soon be able to summon a taxi at the press of a single
button and then be interactively guided to book your train or air ticket, hotel room, theatre seat and evening
meal all whilst on the move.

Less futuristic but also very challenging are the “joined up government” services being driven, in Britain, by
the “Modernising Government” initiative. An example is the National Land Information System (NLIS),
which aim to speed up and simplify tasks such as house sale and purchase or the notification of a change of
address.

The data requirements to support applications such as these will be very challenging. In days gone by we
published new editions of paper maps very few years. As this became inadequate for customers’ needs, we
introduced means of producing intermediate versions via microfilm and then as a dyeline copy of the
surveyor’s master document. Web-based technology will provide virtually real-time access and demand a
similar level of data currency for some elements, particularly where there are safety and liability issues. Data
will need to be seamlessly networked across a range of public and private organisations, not only within
individual countries but also internationally. Organisations maintaining data, both spatial and non-spatial,
will need to co-operate on technical standards and business arrangements as never before. Most customers
will be unaware of the sources of the data they are making use of, but if they are to derive the benefits they
expect someone will need to have solved the thorny issues of data incompatibility and quality assurance.
Partnerships and joint ventures will be essential. Few organisations have money to waste in collecting or
updating information, which others are already maintaining or could do so more efficiently.

3. STRATEGY/PLANS

Commitment of senior management to a strategy of data quality improvement and maintenance is essential
for business success to be sustainable. It is only too easy to be so intent on meeting today’s needs that future
opportunities are overlooked or have to take a low priority when funding is allocated. Top management
should have their eyes at least partly on the horizon, balancing the needs of strategic investment with the
funding of today’s operations. Strategies are notoriously difficult documents to write. They tend to be dull
and unimaginative and to be instantly despatched to gather dust in everyone’s bottom drawer. If they are too
general they may say nothing useful; if they are too specific they may be out of date as soon as they are
issued. Ordnance Survey’s corporate geospatial information strategy is currently embodied in a set of
presentation slides, which can be continuously updated but which present a lively view of the “big picture”,
as its author refers to it.

Having periodically obtained the endorsement of top management for this evolving picture, the strategists
need to work closely with the planners, to convert strategy into workable programmes and operational plans
covering at least the next year to 18 months. Such programmes identify the goals to be achieved, the dates of
any key milestones, which will be responsible for what and, critically, how the various programmes must fit
together. It is important to work from the whole to the part, leaving the fine detail of method and resource
allocations to internal project planning.

Data quality programmes must inevitably compete for funds in the periodic budgeting round with building
projects, human resource development proposals and other ideas of various sorts. To help gain approval,
these all need business cases prepared in a common currency, assessing business benefit against cost in
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financial terms as far as possible. This is where top management’s commitment to data quality is really
tested and the groundwork of lobbying and informing should pay dividends.

Timing is critical. Ideas for data improvement and new product development must pass through a funnel,
with distinct gateways to sift out the non-runners. In order to ensure that market opportunities can be
grasped at the right time, research work, concept testing, prototype development and creation of automated
routines all have to be done early enough. It is only too easy to finish up using expensive manual editing to
improve data because there was insufficient time to allow an automated routine to be devised.

4. STANDARDS

In the past, Ordnance Survey put a lot of effort into understanding and influencing the development of a
range of international standards relating to geographic information. In the early days of digital mapping in
Great Britain, Ordnance Survey was a prime mover behind making the National Transfer Format (NTF) into
a British Standard (BS 7567). NTF Level 2 is still important for the supply of Land-Line, our flagship data
product, along with DXF for CAD applications. We have resisted supplying data in a wider range of
proprietary formats owing to the complexity of ordering and supply options, which multiple versions of these
entail.

Today we take a more pragmatic stance over international standards. Data for the Digital National
framework (DNF) release later this year will be in GML (Geography Mark-up Language) format, developed
from the more general XML by the Open GIS Consortium (OGC). We are keeping closely in touch with the
evolution of GML. Otherwise, a watching brief is maintained on the standard-making activities of ISO
(specifically ISO/TC/211), CEN, the British Standards Institute (BSI) and internet standards bodies such as
W3C and IETF.

5. SPECIFICATIONS

Ordnance Survey’s specifications for surveying and cartographic depiction were historically enshrined in a
set a text manuals affectionately known as “the modules”, “the Red Book” and “the Biscuit Book™! Their
modern equivalents are a set of quality system documents, created according to ISO 9000 principles, which
are regularly reviewed and which can be accessed via the department’s intranet. For each corporate data set
there is a suite of documents covering some or all of the following:

= Overview;

= Glossary;

= Data model(s);

= Data structures;

= Data classification (and meta-data);

= Data consistency/integrity;

=  Capture/improvement and maintenance;
= Data quality;

= Maintenance of geometry and attributes;
= Data presentation; and

= Detail catalogue.

These highly detailed documents are essential to the maintenance of national consistency and to enabling
data to be updated and handled by multiple software systems. Changes to specifications to meet marketing
requirements or system changes have to be formally controlled. However, every change in specification
brings a problem of inconsistency. Only rarely can immediate retrospective action be justified. It takes
many years for some changes to be fully implemented and in most cases 100% consistency is never
achieved.
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Specifications define an ideal, which in practice may not be attainable. Geospatial data in which all the
elements are 100% complete and matching their real world state at every moment is as yet a goal which no
organisation has been able to achieve. So tolerances and acceptable quality levels need to be defined in
respect of each element of quality:

= Completeness;

= Currency;

= Logical consistency;

= Attribute accuracy; and
= Positional accuracy.

For instance, for currency and completeness Ordnance Survey has an overall “agency performance monitor”
that 99.5% of all major features that have been in existence for six months or more will be recorded and
available in its database at any point in time. Other tolerances are set for every process and agreed with both
external contractors and internal work areas before quality assurance begins.

6. TESTING AND ACCEPTANCE

The data implications of changes to any system that handles corporate geo-spatial data have to be carefully
evaluated. Changes to editing and validation systems must be made in sympathy if a sudden rash of
validation failures is to be avoided. Testing tools need to be constantly re-configured to cope with new data
formats and specification changes.

Data which is output from new and developing systems and processes must be tested for conformity to
specification before formal acceptance notices, which permit new systems or enhancements to be
implemented, can be issued. A radical development such as Ordnance Survey’s current programme to
deliver the Digital National Framework requires a substantial programme of data testing as pre-launch
versions of several complex-, interacting systems evolve. Feedback and close co-operation between data
testers and system developers is essential, but it is also vital that the testing retains its independence and has
the confidence and backing of higher authority if any internal dispute should arise.

Every movement of data between systems involves a validation check to ensure that data integrity has not
been compromised. Validation and access failures need to be analysed and errors rectified, sometimes a
time-consuming and difficult task requiring a high level of skill and experience. Validation checks have to
be tight, in order to trap failures reliably. The temptation to cut corners in the interests of expediency is often
very strong, but should be resisted as it invariably creates more problems than it solves.

7. ASSURANCE

Quality assurance differs from quality control in that it is a complete and independent check applied to a
sample of data taken from a wider population, whereas quality control should be applied to all data as an
integral part of all stages of an editing or manipulative process.

Until recently, currency and positional accuracy have been regarded as by far the most important elements of
geospatial data quality assurance. We test currency and completeness by a quarterly audit of a randomly
generated sample of 600 digital mapping units (DMUs) from across the country. These are subjected to a
complete local perambulation on the ground. Feedback is supplied to field operations managers on age
profiles of unsurveyed change and the quality of change intelligence monitoring.

Positional accuracy is tested by a combination of field and photogrammetric methods, using the latest GPS
equipment and digital photogrammetric workstations. The challenge is to keep ahead of advances in the
methods that are being used for routine production work. Accuracy testing must be to a higher order, rather
than simply repeating what was done in the first place.

We have recently embarked on a major programme of positional accuracy improvement, shifting the co-
ordinates of features in some cases by as much as 6 to 8§ metres. Whilst essential to making our data fit for
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modern quality requirements, this process is a severe challenge for us, for our customers and for their system
suppliers. It has required intensive consultation and collaboration. We are providing files of link vectors
that relate the new positions of features to the old. These will enable customers to move their own data in
sympathy where for instance a pipeline or cable has been located in relation to the edge of a road.

The other elements of data quality, particularly logical consistency and attribute accuracy, are becoming
increasingly important for the applications which are making ever greater demands on data quality. Checks
of these aspects now form essential parts of the quality assurance process.

To give some idea of the size of task which can be required, whereas Great Britain is covered by only 204
sheets of the 1:50 000 scale Landranger maps, there are some 230 000 DMUs in the main topographic
database. These were originally digitised from maps maintained at the three “basic scales”, 1:1 250, 1:2 500
and 1:10 000. A quality improvement programme, such as we have undertaken over the last six months,
requires each of these map units to be extracted from the databank, edited, validated and returned to the
databank. Up to a thousand people, including 250 staff in-house and some in India, Indonesia and Eastern
Europe, have been working on this programme. A sample from each source has been subjected to rigorous
quality assurance, including both automated tests and visual checks. The size of the sample diminishes as
confidence in the output grows.

A challenge for the future is working out how best to carry out quality assurance when editing and customer
supply operate in real time from the core database and there is no possibility of putting work into a
“quarantine” area on its return from an updating process. The answer must be to increase the extent to which
quality control is built into editing software, so that only valid changes are permitted and the user is alerted
immediately rather than the data having to be fixed when it fails a subsequent, off-line validation check.

A further aspect of quality assurance involves testing all new and revised versions of digital products and
delivery systems at the request of product and service managers. This enables them to launch their new
product or service confident that they will not be causing their customers problems and giving rise to a
barrage of complaints.

8. ADVICE AND COMMUNICATIONS

Feedback to those involved in updating or improving geospatial data, both internal and external, needs to be
quick and professional, operating in an atmosphere of co-operative assistance. A confrontational approach is
of benefit to no one. It is in everyone’s interests that standards are met as quickly and efficiently as possible.
Although, as was mentioned earlier, there is a distinction between quality assurance and control, in practice
the two tend to merge, with quality assurers providing advice on quality control, which subsequently
improves confidence in the delivered results and ensures that acceptable quality levels are met more quickly.
New processes, both in-house and by contractors, are audited at an appropriate stage, to ensure that they are
capable of achieving acceptable quality levels.

Despite all our best efforts to test products before they are delivered, customer complaints do still occur.
Sometimes these relate to genuine omissions, errors or non-conformances, but many complaints and
enquiries result from misunderstandings about what we are aiming to provide. We still have work to do to
make our data quality statements more meaningful for our customers. Most complaints and enquiries require
some form of investigation and decisions on corrective and preventative action.

9. CONCLUSION

With the feedback from customer complaints, helping to define future needs, the circle is completed.

This paper has attempted to describe Ordnance Survey’s experience with the process of spatial data quality
management. There are some formidable challenges ahead as we strive to meet ever-growing demands
created by new applications and advances in technology.
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Abstract

Describing the quality of digital geodata in a geodatabase is required for many
applications. As well customers as users want to know how good the data are and if the
data are up to date. We present a concept and our developments for automated quality
control of the area-wide available topographic vector data set ATKIS® in Germany
using images. The automation comprises automatic cartographic feature extraction and
comparison with ATKIS, which both are triggered by additional knowledge derived
from the existing scene description. To reach an operational solution the system is
designed as an automated system, which admits user interaction to perform a final check
of the fully automatically derived quality description of the data.

Keywords: quality control, road extraction, semi-automatic procedure, user interaction, integration
of image processing and GIS

1. INTRODUCTION

Describing the quality of digital geodata in a geodatabase is required for many applications because
tasks like environmental planning, documentation and analysis highly depend on the quality of the
input data used for it. Additionally a quality description in terms of geometric and thematic
accuracy and completeness is a prerequisite for identifying areas of interest where an updating has
to be performed.

For checking the quality of existing geodata and for updating the data an efficient quality
management system is required to ensure that a production process of geodata delivers the desired
quality. Such a system has to cover a chain of processes for quality control that guaranty to keep the
specified quality. Each step in quality control checks one aspect of quality specifications defined for
the underlying data model. Thus, quality management should be the first step in data processing,
data analysis, maintenance or homogenisation of different data sets to ensure a well-defined result
in any of these processing tasks.

A major task of the Bundesamt fiir Kartographie und Geoddsie (BKG, Federal Agency for
Cartography and Geodesy) consists in providing the geodata of the ATKIS project on the territory
of the Federal Republic of Germany. The acronym ATKIS® stands for the Authoritative
Topographic-Cartographic Information System for Germany. ATKIS is a trademark of the Working
Committee of the Surveying Authorities of the States of the Federal Republic of Germany (AdV).
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Components (Fig. 1) of ATKIS are object-based digital landscape models (DLM), digital
topographic maps (DTK) in vector and raster formats and standardised orthophotos (DOP). The
object-based digital landscape models encompass several resolutions and the digital topographic
maps of different scales are derived by a transformation to map geometry and symbol add-ons.

The ATKIS DLMBAasis, i.e. the ATKIS data of the highest resolution or of the largest scale (cf. Fig.
1), are produced by the federal states (Lander) of Germany based on different data for the
acquisition and are delivered to the BKG, where they are stored in a database at the Geodata Centre
(GDC) of the BKG (Endrulis 2000). Since these data that are supplied by 16 surveying authorities
are delivered to customers on the one hand and are used to derive data of smaller scales within the
BKG on the other hand, a system for quality management of the ATKIS data is essential.

This paper presents the concept of quality management of the ATKIS DLMBasis as it is proposed at
the BKG. Parts of it already are performed in an operational way within the daily production
process. To solve the complete process chain in an efficient way BKG has initiated a common
project with the University of Hannover to develop a system for automated quality control of
ATKIS DLMBasis using digital orthoimages which is also described in this paper.

ATKIS "-components
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Figure 1. The components of ATKIS (cf. AdV 2000)
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2. QUALITY OF GEOTOPOGRAPHIC DATA

2.1 Quality Measures

For rating the quality of geodata we need a certain set of measures, which give us expressive,
comprehensive and useful criteria. That is the reason why quality measures are part of norms or
specifications from e.g. ISO, CEN or the OpenGIS Consortium. We want to start with a coarse
subdivision of quality measures into two categories, which due to the following arguments are
important for practical applications:

1. Quality measures that concern consistency with the data model,

2. Quality measures that concern consistency of data and reality within the scope of the

model.
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A complete check of the first category can be performed automatically using solely the ATKIS
vector data and functionality and routines within a database or GIS without any additional data.
This inspection can be done exhaustively, i.e. the whole area covered by the data can be checked.
On the other hand the comparison of data and reality is much more expensive. Performing it for the
whole area requires nearly the same order of effort as the initial acquisition of the data.

Joos (2000) suggests a system of four criteria, which are conceptually independent or orthogonal,
namely completeness, correctness, consistency, and accuracy.
The quality elements of ISO 19113

e completeness

e logical consistency

e positional accuracy

e temporal accuracy

e thematic accuracy

are strongly related to the criteria above. The ISO elements are refined by so-called subelements. So
completeness comprises missing objects, i.e. omissions, and the complementary event, where a data
object does not exist in reality, i.e. commission. Within ISO 19113 correctness is defined as a
subelement of thematic accuracy. Temporal accuracy measures whether a dataset is up-to-date.
Some quality elements of ISO differentiate between features and attributes. The quality elements of
ISO are listed in Table 1 together with additional information.

2.2 Concept of Quality Management of the ATKIS DLMBasis at the BKG

Since the data of the ATKIS DLMBasis are delivered by 16 federal states, it is the task of the BKG
to join them to one homogeneous set of data. This includes establishing logical and geometrical
consistency at the borders of the different data sets. All incoming data sets and update files from the
surveying authorities of the federal states have to undergo the quality control. Table 1 shows the
current status of quality control at the BKG within the framework of the quality elements of ISO
19113. Automatic routines that test conformity of the data sets with the model, have been
implemented at the Geodata Centre (GDC). These routines perform an exhaustive check, which
includes the data quality element logical consistency and some other subelements of ISO 19113.
Because spatial omissions concern the question, whether the whole area is covered by ATKIS
objects without any gaps, they are revealed without any comparison of the data to the real world. In
case of attribute completeness both commissions and omissions can be checked, because the model
defines which attributes must be present for a given type of object and which not. Additionally for
temporal consistency some plausibility checks are applied. All these tests concern quality measures
belonging to the first category, i.e. quality measures that concern consistency with the data model.
If once implemented, they perform on the full coverage of the data requiring computation power
and time only. Unlike these automatic tests the comparison of the data to the real world will always
require manpower. In Table 1 this is indicated by the term automated. Automated procedures
consist of automatic steps that are started by an operator and give back a result that requires further
processing by the operator.

Any error that is detected during the quality control is reported to the respective federal state. Since
the federal states are producers of the data of the ATKIS DLMBasis, they are responsible for the
appropriate amendment of the data. When the errors have been corrected, the updated datasets from
the surveying authorities of the federal states are delivered to the BKG again where they are stored
in the database at the GDC. This procedure guarantees that there exists one unique dataset of the
ATKIS DLMBasis only.
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Quality element Quality subelement Coverage Status
Completeness Omission  (Feature sample automated
completeness)
Commission (Feature sample automated
completeness)
Omission  (Attribute full automatic
completeness)
Commission (Attribute full automatic
completeness)
Omission (Spatial full automatic
completeness)
Commission (Spatial — no
completeness)
Logical Conceptual consistency full automatic
consistency Domain consistency full automatic
Format consistency full automatic
Topological consistency full automatic
Positional Absolute or external accuracy sample automated
accuracy Relative or internal accuracy sample automated
Gridded data position accuracy — no
Temporal Accuracy of time measurement — no
accuracy Temporal consistency full automatic, checked
partially
Temporal validity sample automated
Thematic accuracy Classification correctness sample automated
Non-quantitative attribute sample automated
correctness
Quantitative attribute accuracy | sample automated

Table 1. Quality elements from ISO and their current status for the quality control at the BKG

2.3 Conformity of Data and Reality

A complete comparison of data and reality requires a lot of effort and cost, but it furnishes all the
update information for the data. Update processes of digital geotopographic databases have changed
in comparison to the periodic update cycles of analog maps. There is no technical problem in
altering a specific feature or attribute as soon as the information about its change is available. As a
consequence revision of geoinformation turns from periodic to continuous procedures. This requires
that the information about changes in the real world has to be available continuously, too, if it is of
relevance to the geotopographic data. Since nearly all of the changes in the real world are man-
made, information concerning the changes is available very early, usually already during the phase
of planning. Therefore the surveying authorities of Germany are forcing topographical information
management to gather information about changes and make it available in time for the update of
ATKIS. The flow of information from the authorities that cause the changes plays an important role
in topographical information management.
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This paper focuses on a method for quality control of the ATKIS DLMBasis that compares the data
with reality using sensor data from an independent source. Thus, we look at quality control as an
independent procedure to rate the quality of geodata by sample and to detect deficiencies within the
chain of production. It depends on the type of sensor which features and attributes can be verified.
Our main interest concerns objects where most changes arise and that are important, namely the
road network and built-up area. Currently we are using only digital orthophotos as sensor data. If
the orthophoto is of recent date, it is an up-to-date reference of reality and can be used to assess
temporal accuracy, too. Orthophotos and photogrammetry are very suitable tools to determine the
positional accuracy of features and geometric attributes like the width of a road. Nevertheless, there
will be always features and attributes that are not detectable by the sensor data. In these cases
quality control has to be based on the topographic information management.

Objects in . ( sensordata
the database imagery

Comparison

Figure 2. How to check conformity between data and reality is performed

3. SYSTEM OVERVIEW & COMPONENTS

In chapter 2.2 we gave an overview over the quality management of the ATKIS DLMBAasis at the
BKG. The data quality concerning consistency with the data model is already checked fully
automatically in an operational way. For efficiently checking the consistency of data and reality
within the scope of the model, BKG has initiated a pilot R&D project together with the University
of Hannover to develop a system for automated quality control by comparing ATKIS to imagery
covering the scene.

The main idea followed with the developments is to check the quality of the ATKIS DLMBasis by
extracting features from black and white orthoimages and comparing the extracted information to
the DLM. To increase the efficiency of the quality control, extraction and comparison should be
performed fully automatically.

3.1 System Overview

Automatic feature extraction from aerial images has been a major activity of international research
in photogrammetry and computer vision during the last decades (e.g. Forstner et al. 1999, Baltsavias
et al. 2001). Although there is many success in cartographic feature extraction experiences have
shown that algorithms particularly give good results if applied to well-defined application areas.
The reason is that all approaches need additional knowledge to be involved by using appropriate
models, which can more easily be formulated for restricted situations. Walter (1999) for instance
developed a system that supports the operator in quality control of area and line objects in ATKIS
by automatically extracting land cover classes by multi-spectral classification from satellite imagery
and comparing it to the corresponding ATKIS objects. He uses knowledge derived from the existing
GIS for defining training sets for a supervised classification. Those ATKIS objects that show a high
probability of differences between the extracted object classes are indicated to be presumed changes
and can be visualized for further interactive analysis by the operator.
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Knowledge based systems have proven to be suitable framework for representing knowledge about
the objects and exploiting it during the recognition process. Liedtke et al. (2001) present a system
for knowledge-based image interpretation which models structural dependencies by semantic
networks with concept nodes and edges describing the relations between the nodes by steering the
top-down and bottom-up analysis. The system is designed to use holistic methods for feature
primitive extraction attached to nodes on different semantic levels. Examples for land use
interpretation are given using ortho images, laser DEM and an initial segmentation derived from
vector data given by a GIS.

We present an automated system prototype for knowledge-based quality control, which is designed
to combine fully-automatic analysis with interactive pre-processing by an operator to reach an
optimal workflow. We admit a final user interaction to transfer the knowledge based image
interpretation techniques to an operational solution for practical applications as in general one can
not expect any automatic image analysis tool to lead to 100% reliability which however is needed
for operational systems (cf. Lang and Forstner 1996, Giilch 2000). The fully automatic part attains
to focus the interaction and thus reduces the amount of interaction by an operator, which is the time
consuming part in the quality control process chain.

The knowledge we use is partially derived from the existing geodata that is from ATKIS and coded
in rules. In future it will be implemented in the knowledge-based system presented in Liedtke et al
(2001). Although in general the system is designed to handle all object types of ATKIS we
presently are focussing on those objects for which the highest up-to-dateness is required, and test it
for roads.

The system development is embedded in a broader concept of a knowledge-based workstation,
which provides functionality from photogrammetry, GIS, and cartography for the acquisition, and
maintenance of geoinformation. A major goal of this concept is to integrate several components
performing different tasks within the framework of a knowledge-based system.

3.2 System Components

The system is designed as a knowledge-based photogrammetric-cartographic workstation, which
provides functionality from knowledge-based photogrammetric image analysis and cartography for
the production of geoinformation. It consists of three major parts: a. the GIS component, b. the
photogrammetric component and c. the knowledge-based component:

a. The GIS component: The GIS component of the system is based on the GIS ArcInfo 8 and
runs with the desktop version under Windows. It is used for automatic pre-processing of the
ATKIS data, as an interface to the database and to the image processing system, for
interactive post-processing of automatically derived results and generally spoken as an user
interface and for the overlay of aerial images and ATKIS data.

b. The photogrammetric component: The photogrammetric component running under Linux
comprises the automatic cartographic feature extraction modules and the comparison with
the original vector data leading to quality measures. Both tasks are triggered by the GIS data
being a valuable source of additional knowledge. The underlying result of the feature
extraction steps as well as the automatically derived quality of the ATKIS objects are stored
in exchange files. They are transferred to the GIS component and are used to support the
operator during the interactive final check and during geometric corrections.
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¢. The knowledge-based component: This part of the system is responsible for making pre-
knowledge from the GIS available and transfer it in a suitable way to the photogrammetric
component, that is to the object extraction, comparison and evaluation algorithms. As the
link to the photogrammetric component is very close it is also running under Linux. Pre-
knowledge especially is used for defining regions of interest, for selecting the appropriate
algorithms, for parameter control of the road extraction and evaluation of deviations
between ATKIS and extracted features. Additionally it is helpful for steering the complete
automatic workflow.

GIS component

1) Preprocessing 3) Postprocessing
ATKIS preprocessing ~_ Importto GIS 7
exchange with core QC System Visualization, user interaction
Fully-automatic Interactive

| |

Knowledge-based photogrammetric component

2) Core Quality Control System QCS

Knowledge-based steering

object- and context-based Context-based
Verification Change acquisition
Road extraction to Road extraction to
check existing data —_— acquire new objects
quality description quality description
Fully-autormatic Fully-autornatic

Figure 3. The components of the system for quality control

The result of the automatic knowledge-based reasoning is imported to the GIS component so that it
is available to the operator. Quality measures are delivered as attributes and are used for an
appropriate visualisation. During the final interactive check of the results the operator focuses on
roads that were indicated as not verified and roads where the photogrammetric component indicated
an uncertain situation. Thus he only has to handle a reduced number of objects contained in the
GIS. Missing objects, geometric differences that exceed the tolerances given by the ATKIS data
model and wrong values of attributes are recorded and forwarded for the correction of the database.

4. PROCEDURE FOR AUTOMATIC QUALITY CONTROL

4.1 Overview

The complete automated system for quality control, checking the consistency of data and reality is
subdivided into the three steps: 1) fully-automatic pre-processing, 2) fully-automatic quality control
and 3) interactive post-processing (cf. Fig. 3) . In the following we describe the fully automatic part
in detail. It is to be regarded as being a black box for the operator delivering a preliminary quality
check for focussing the interactive intervention by the user.
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The procedure starts with automatically pre-processing and preparing the GIS data so that it is
appropriate as well for the automatic processes as for the interactive analysis by the operator. This
pre-processing is performed by the GIS component and compounds e.g. the selection of test area for
quality control, establishing the link between object geometry and thematic attributes and supplying
an appropriate interface to the knowledge-based photogrammetric component. Due to practical
reasons the working units are image tiles of a size of e.g. 2 km X 2 km or interactively selected
image areas defined for the quality control. For each tile all types of ATKIS objects and their
attributes, that are relevant for quality control are requested from the database and are transferred to
the photogrammetric component. Actually these ATKIS objects are exported to interchange
formats, that can be read by the knowledge-based photogrammetric component but in future the
transfer will be performed by database queries.

The second step, the core of the system for automatic quality control (QCS), which combines the
knowledge-based, and the photogrammetric component is running under Linux. It comprises
automatic road extraction adapted for the quality check and the comparison of its result to the
original data. The quality description is delivered to the GIS component, the ArcIlnfo 8 system,
where the operator performs the well directed pre-editing of those parts of the scene description,
which could not be reliably analysed by the automatic process.

4.2 Core Quality Control System QCS
4.2.1 Automatic Road Extraction

International research has produced many different algorithms for road extraction (e.g. Forstner et
al. 1999, Baltsavias et al. 2001) each of them being suitable for well-defined extraction tasks. Our
concept for checking the quality of roads in general is designed to use different algorithms whereas
the selection of the algorithm is performed by the knowledge-based component. We actually apply
software developed by C. Wiedemann (cf. Wiedemann et al. 1998a, Wiedemann 2001) at the Chair
for Photogrammetry and Remote Sensing at the Technical University Munich. We adapted it to our
specific tasks especially by exploiting the GIS scene description and embedded it into the
knowledge-based framework for steering and deriving quality statements. The underlying road
model partly can be steered by parameters, which are automatically defined or even adapted to the
image content by the knowledge-based component.

4.2.2 The use of pre-knowledge for quality control

GIS data in general can provide a valuable source of additional knowledge (cf. Vosselman 1996)
and can be used to stabilize the image interpretation tasks. Examples are given in e.g. Quint and
Sties (1995) or Wallace et al. (2001). In contrast to cartographic feature extraction solely based on
imagery the starting position for quality control of existing data is different, as an initial scene
description already is available. In this case algorithms for object extraction can benefit from the
information contained in the GIS. This however requires a close and well-defined interaction
between image analysis and GIS.

The knowledge we use for road extraction and for evaluation of the differences between extracted
roads and objects in the database can be distinguished into object-specific properties and context-
specific properties:
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Object-specific properties e.g. are the road type (highway, single/multi track, road, path),
road widths or road constitution (asphalt, concrete). These kinds of properties usually are
partially represented in the underlying road model of each algorithm and thus characterize
the application domain of the algorithm.

Context-specific properties can be subdivided into global and local context
dependencies (cf. Baumgartner et al. 1997).

o The global context, e.g. the environment through which a linear feature
passes or is contained in influences the appearance of the road in the images
e.g. by probabilities for having disturbances like shadow, fragmentation or
low contrast. The expected appearance of the road is also partially
represented in the underlying road model of each algorithm, but in many
cases it can be adapted to the scene by parameter steering. Actually we use
three types of context regions given by the GIS for extraction and evaluation:
rural, forestry and urban. The appropriate parameters are defined by
empirical studies.

o The local context, e.g. the local neighbourhood relations between different
objects also influences the appearance of the road in the images by
interrelationships like occlusion and shadow, connectivity and parallelism
conditions (e.g. buildings cast shadows on roads and buildings in general are
connected to roads). It is difficult to model the influence of local context and
therefore is not considered in our approach.

The main idea of our procedure is to exploit the initial scene description in the geodatabase to guide
and constrain the road extraction by a knowledge-based procedure in the following way:

by definition of region of interest

by selection of the appropriate algorithm

by parameter control of the road extraction
by parameter control for evaluating the results

4.2.3 Verification of Road Data and Acquisition of Changes

For quality control we distinguish two different functionalities, namely verification and acquisition
of changes. The partitioning mainly is motivated by the different amount of knowledge, which can
be exploited:

Verification: The verification focuses on those objects, which are described in the database.
It is able to check the positional and the thematic accuracy as well as the completeness
subelement commission, but not the completeness subelement omission (cf. Table 1).
Beneath general context information object specific knowledge defined by the object
instances in the database is used during the road extraction.

Acquisition of changes: The acquisition of changes cannot use any specific knowledge
defined by the object instances as it aims at checking the completeness subelement omission
(cf. Table 1) that is registering additional objects, which are not contained in the database.
The knowledge, which is used, is about the scene, about the global context and in general
about the objects of interest. The acquisition of changes is executed subsequently to the
verification to introduce verified ATKIS objects as reliable pre-information.
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Verification: The verification is performed object by object by comparing the existing road data
with roads extracted from the images. The geometric and thematic description of each object is
transferred to constraints for defining regions of interest, the appropriate algorithm and its
parameters used for automatic road extraction for verification of the respective ATKIS object. The
differences between extracted roads and the original data are analysed and evaluated. The
evaluation result leads to simplified quality measures described by different quality classes. For
road elements which could not be initially verified the reason for rejecting the data is analysed by
refined verification in a feed-back-loop following the hypotheses and verify paradigm. The
generation of new hypotheses is performed by analysing the specific geometric and radiometric
situation given by the raster data.

Acquisition of changes: After having verified the existing data the acquisition of changes can be
performed. This task is even more difficult as it can be compared to object extraction from scratch,
where no constraints are given by the GIS. The only pre-knowledge that can be introduced in this
case is given on the one hand by the verified road data which can be used as reliable road parts
during the road network generation. On the other hand the context regions can be used for steering
the extraction as well as for self-diagnosis of the extraction result. The reliability of the extraction
result especially depends on the extraction context and on the underlying low-level extraction used
for road network generation. A self-diagnosis is used to derive a traffic-light-solution describing the
quality of the data by a qualitative description as it is done during the verification of the existing
data.

4.2.4 Quality evaluation

After the road extraction either for verification or for change acquisition, the extraction result has to
be compared to the existing geodata to derive a quality measure. The quality measure has to
distinguish road verification and acquisition. The quality description is simplified to a so-called
traffic-light solution indicating three types of quality attributes: verified, rejected, and ambiguous.
Details and a refinement of the decision may be analysed by a feedback loop to denote if the error is
caused by wrong attributes or wrong geometry.
®  Quality description in road verification: For verification we check if and how good an
extracted road matches the corresponding ATKIS object. If no road matches the ATKIS
object the object is denoted rejected. Otherwise the RMS is derived to further classify into
verified and ambiguous objects.
®  Quality description in acquisition of changes: In acquisition of changes we actually compare
the extracted roads to the verified roads using the evaluation scheme proposed by
(Wiedemann et al. 1998b). We especially are interested in new objects which are not
contained in the verified dataset and which are denoted as changes and are delivered to the
operator. As there still are extracted many false road elements a further classification of
these changes is required, e.g. using the internal accuracy of the extracted roads. Thus the
user interaction can further be reduced to very probable changes.
Fig. 4 shows an example of the automatically derived quality measure and the underlying road
extraction used for road verification.
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Figure 4: The result of the fully automatic quality control of the verification step as it is transferred
to the interactive quality control by an operator.

5. INTERACTIVE QUALITY CONTROL

5.1 Tasks of the Operator

An efficient interlocking of the interactive steps of the operator and the automatic verification
procedure as described in Section 4 is essential to guarantee an optimal workflow and a significant
increase in productivity. Therefore the operator needs a graphical user interface (GUI) that allows
fast and simple access to

e the image data,

e the relevant data from the ATKIS DLMBasis,

e the automatic verification procedure from Section 4,

e the tools to convert the ATKIS data to formats that can be read by the automatic verification
procedure,
the results of the automatic verification procedure,
e the tools for the final editing of the results.

After the automatic verification procedure has run as a batch process in the background, the results
are imported and visualized together with the orthoimages on the screen. The quality measures are
delivered as attributes of each inspected ATKIS object. They are used for an appropriate
visualization to guide the operator to those objects that require his intervention. Of most importance
are situations where the knowledge-based system indicates an uncertain decision. In these cases the
final decision is made by the operator who classifies it as verified or not verified. All ATKIS
objects that could not be verified by the automatic verification procedure have to be checked by the
operator, too. Here the decision of the system has to be corrected, if necessary. To ensure that all
objects that are classified as uncertain or not verified are processed, they can be stored in a queue
that has to be worked of.
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5.2 Editing Mode and Record of Quality Description

The editing functionality of the GUI allows the operator to correct or complete the results of the
automatic procedure. All ATKIS objects for which any incorrectness has been detected are copied
to a special file where all errors are recorded. From a list of items the operator can select the type of
the detected error, e.g. wrong attribute road width, geometric deviation exceeds tolerance. Missing
objects and copies of objects with large geometry deviations can be edited in this record file. There
is no functionality to assign topological relations with other ATKIS objects or to build up a
complete topology. This it not necessary since the results are reported to the responsible authority.
For this purpose it is sufficient to provide the information needed to locate and identify the errors.

6. CONCLUSIONS

We presented the concept of quality management of the Authoritative Topographic-Cartographic
Information System ATKIS® in Germany as it is proposed at the BKG. Within the production flow
the vector data actually are automatically checked for conformity with the underlying ATKIS data
model in an operational way. Checking the consistency of the data with reality is much more time
consuming. To solve this task in an economical way we presented a prototype of a knowledge-
based photogrammetric cartographic system, which we developed to speed up the whole production
workflow in quality control. This system is designed to increase the efficiency of the updating
process by combining automatic procedures with user interaction in a GIS environment. First results
show the range of the concept. However the system has to be tested on a large amount of data sets
to rate its performance. The quality check on completeness in the sense of commission has to be
refined to increase the reliability of the automatically derived result.
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Abstract

The context within which geospatial data are used has changed significantly during the
past ten years. Users have now easier access to geospatial data but typically have less
knowledge in the geographical information domain, so have limited knowledge of the
risk related to the use of geospatial data. This sometimes leads to faulty decision-
making that may have significant consequences. In order to reduce these risks,
geospatial data producers provide metadata to help users to assess the fitness for use of
the data they are using within the context of their application. However, experience
shows that these metadata have several limitations and do not reach their information
goal for this new group of non-expert users. In addition, geospatial data are becoming a
mass product that has to follow legal requirements related to this class of products.
Metadata, as currently defined, do not reach these obligations, especially concerning the
requirements for easily understood information about product specifications and
potential risks of misuse. This paper describe an approach that aims to reduce these
risks of misuse by comparing data producers specifications and data users needs and
providing indicators describing data quality to wusers. The system, named
Multidimensional User Manual (MUM), allows the management of geospatial data
quality and the communication of the quality information using indicators that can be
analysed at different levels of detail.

Keywords: Geospatial data Quality Indicators, GIS Risk, interactive User-Manual, Spatial
OLAP, Law.

1. INTRODUCTION

The development of information and communication technologies such as the Internet has
significantly modified the context within which geospatial datasets are used. We now face an
increase of geospatial datasets being exchanged between people or organisations. Geospatial data
can now be easily downloaded on the Internet (e.g. Geospatial data catalogues). It is also possible to
download free GIS software that is easy to use for non-expert users (Agumya and Hunter, 1997,
Elshaw Thrall and Thrall, 1999, Goodchild, 1995). In addition, many organisations are building
new data infrastructures such as Data Warehouses in order to regroup their different data in a
common system and share them at different levels of the organisation, facilitating then information
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diffusion. Decision processes based on geospatial data are also increasing (Hunter, 1999).
Geospatial datasets are now used in a wide range of applications such as public health, geology,
forestry, transportation, urban planning, etc. (Longley et al., 1999). They are also used today by
people at different levels of the organisation (i.e. operational, tactic and strategic levels) whereas it
used to be used mainly by experts in geographical information (Longley et al., 1999). Consequently
there are new categories of GIS users who are experts in their field of application but not in the
geographic information domain.

Such a situation leads to a higher risk of misuse of the GIS data, potentially leading to faulty
decision-making that may have significant legal, social and economical impacts. Many cases of
Geospatial data misuse are mentioned in the literature and the media, causing an increasing number
of legal contentious (e.g. (Beard, 1989, Goodchild and Kemp, 1990, Monmonier, 1994, Curry,
1998)). Most of Geospatial data users do no understand the main geographical information concepts
and many of them are not aware of the uncertainty that digital data may contain (Morrison, 1995).
They then often integrate several datasets having similar appearance without being aware of the
potential risks that may arise from these combinations (Curry, 1998).

The objective of this paper is to present the Multidimensional User Manual (MUM) project that
aims at providing to the users of geographical information an automatic contextual manual that
helps them evaluate the risk involved when using one or several geospatial datasets for a given
region. We thus aim at reducing the number of potential cases of geospatial data misuse.

We will first discuss about some problems arising from data quality terminology and its impact on
systems dealing with data quality. We will continue with a discussion about limitations of present
metadata in term of communication between data producers and users. We will then see how well
these metadata are compliant to legal requirements, using Quebec province legislation as an
example. We will then focus on different aspects of geospatial data quality management and
communication by describing the general architecture of the MUM in order to identify the different
modules of the system. We will present a way to manage geospatial data quality in a
multidimensional database and introduce the concept of quality indicators defined from a user
perspective. Finally, data quality visualisation issues will be briefly described in the context of the
MUM.

2. COMMUNICATIONNAL AND LEGAL LIMITATIONS OF PRESENT METADATA

2.1 Spatial Data Quality issues

Data quality is a very active domain in geographic information research and has a growing interest
because of the increase of data exchange (Goodchild, 1995, Veregin, 1999). There is now
considerable agreement on the definition of quality in the literature, quality being defined as
“fitness for use” (Veregin, 1999). Quality is defined by ISO 8402 as the “totality of characteristics
of a product that bear on its ability to satisfy stated or implied needs”. This means that to define
quality you need both the information on the data being used and on the users needs (e.g. intended
use). Although the “fitness of use” definition is frequently referred to, it is surprisingly rare that user
needs are actually taken into account. There has only been a relatively small amount of research on
measurement of fitness of use (Bédard and Valliere, 1995, Agumya and Hunter, 1997, De Bruin et
al., 2001), but there is a strong need for systems that can implement data quality as fitness for use.
However, there is an ambiguity in the definition in the term “quality”. It is noticeable that data
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producers often define a product of quality as being consistent with specifications (ex: difference
between a database and the nominal ground) while data users define it as meeting or exceeding their
expectations (Kahn and Strong, 1998). It is frequent to see products having a numeric value as
quality. However, it does not make sense to allow a unique value on a certain scale of quality for a
product, as quality may only be measured within the intended use context that may be different for
each users, and even among different for the same user.

Another problem is the difficulty in properly communicating the information about data quality.
Although several researchers have explored the best way data quality may be visualised (Beard and
Mackaness, 1993, Buttenfield and Beard, 1991, Buttenfield, 1993, Leitner and Buttenfield, 2000),
the only way actually used to communicate data quality parameters is using metadata. However, the
currently produced metadata still have strong limitations in term of communication media for non-
expert users as well as for expert users.

2.2 Present spatial metadata limitations

In order to help users to assess the fitness for use between the data and their needs, data producers
often provide metadata describing different aspects of the datasets (Guptill, 1999). Metadata are
usually stored in text files using “home-made” formats that may be based on national standards (e.g.
FGDC). However, data providers are moving to international standards such as ISO and OpenGIS
which include both conceptual and implementation specifications. However, these metadata are still
often stored in files that are independent from their related data, then, if data are being modified,
changes are not always propagated to their associated metadata. As metadata are static in nature,
they are not very useful for dynamic operations when using a GIS. In addition, for reasons of cost,
time and complexity, metadata are often related solely to the dataset and rarely to individual objects
(or even to geometric primitives). As quality is often heterogeneous within a single dataset, it is
important to describe it, at least, at the object level as allowed by the most recent standards and
high-quality datasets.

Metadata are also often technical descriptions dedicated to experts or professionals, using a
terminology that is hermetic for non-expert users (ex: “Polygon topology was verified with the
Arc/Info "BUILD" command” — extract from SMMS for GeoMedia quality metadata sample
example). Consequently, geospatial metadata are often unused by the users (Harvey, 1998, Timpf et
al., 1996). Thus, quality description is inadequate for most users and does not help them to decide if
a potentially useful dataset should be acquired and used (Frank, 1998).

2.3 Spatial Metadata and legal issues

In many countries, applicable legislation allows one or more civil liability regimes with whom the
objective is to govern interrelations between citizens and to penalize some reprehensible
behaviours, should the occasion arise. There are many similarities between the legal systems in
different states, especially those having a legislation originating from the Napoleon code (province
of Quebec in Canada, France, Belgium, etc.). The analysis of the juridical context related to the
MUM project focuses on the legislation actually applied in the province of Quebec in Canada,
especially by rules included in the Quebec Civil code (Q.C.c.). Even if the conclusions may not be
fully applicable in all countries supporting a similar regime, the data producers’ juridical obligations
are usually built in these countries on identical concepts.
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The two main liability regimes in Quebec are civil contractual liability (art. 1458 Q.C.c.) and civil
tort liability (art. 1457 Q.C.c.). The first one results from a contravention to a to do obligation or not
to do obligation, femporary and getting its source in a juridical act (contract). The second one
results from a violation of a not to do obligation, continuous and legal and getting its source in a
juridical fact (Baudoin and Deslauriers, 1998, Baudoin and Jobin, 1998). It involves, normally, two
parties that are not bound by a convention.

With regard to tort liability, the following constitute a fault for producers or distributors:
e Failure to give warnings and cautions that are clear, complete, and up to date;
e Failure to inform the user adequately about the product risks and dangers;
e Failure to give the means to take precautions against it (directions for use) and on the
particularities making it inappropriate to the expected use (ex: road map designed for
pedestrian tourism navigation and inappropriate for car navigation).

To these different fault categories, we can also add poor product conception. (Ex: map road
designed for car navigation but without considering one-way streets).

Different means of exemption exist for producers and distributors. However, any of these can be
admissible with regard to corporeal or moral damages (art. 1474 Q.C.c.). As for material damages,
exemption will be effective if absence of security default is demonstrated, that the prejudice origins
either from a major force case (event unforeseeable and irresistible, art. 1470 Q.C.c.), or from
victim negligent behaviour itself, or finally, from an unknown default considering the science
development at the moment of the product commercialisation.

The development of the mass market of consumer goods has greatly influenced the juridical context
and had given birth in many places to a distinct liability regime much more severe (more
particularly the « Loi sur la protection du consommateur (L.P.C.), c. P-40.1 » in Quebec, and the
« Directive 85/374 du Conseil du 25 juillet 1985 relative au rapprochement des dispositions
législatives, réglementaires et administratives des Etats membres en matiére de responsabilité du
fait des produits défectueux dans certains pays d’Europe ») with which the main goal was to frame
the relations between physical and moral persons having “consumer” status and trades people. In
Quebec, a consumer is defined as a physical person, except for a trade people who is procuring a
good or a service with a commercial purpose (art. 1 (e), L.P.Q, free translation). The number of
court decisions, related to this type of trade has exploded in the past twenty years. This new liability
regime are distinguishing itself from the others notably by the following characteristics:

e Additional obligations about formal procedures;

e Vice precedence presumption, i.e. that product default is presumed to be present at
the transaction moment;

e Impossibility to plead ignorance or reasonable diligence or absence of risks
knowledge (irrefutable presumption, risk relied to the technological uncertainty is
burden to the trade people);

o Increased pressure to take the information disclosure initiative;

e Punitive or exemplary damages in addition to usual compensatory damages (art. 272
L.P.C);

o Interpretation on consumer’s behalf (art.17 L.P.C.).

The information industry (which includes geographic information) is changing in the direction of
massively increased information production and circulation, loss of privileged contact between
producer and consumer, and increasing number of non-experts users, as discussed above. These
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factors contribute considerably to the increasing risk of bad decisions, bad interpretations, and
failing applications. In this context, if it is as fact that to the same causes follow the same effects,
contentious increasing may statistically increase in this direction (Montero, 1998).

A Geographic information producer or distributor sees their liability involved if, firstly, they make a
fault in the Quebec civil code sense, secondly, this one cause a certain prejudice and, thirdly, if
there is a causal relation between fault and prejudice. It is notably at the level of proof burden and
the fault concept that the impact of the “Loi sur la protection du consommateur” is much more
noticeable. Twenty years ago, a consumer taking proceedings against producer need to prove
(which was often complex and outside his field of expertise), a product conception default or of the
prejudice author’s negligent behaviour. Then the legislator, anxious of consumer protection and
contractual balance maintenance, reversed the proof burden and requires now that the producer and
distributor themselves prove absence of default, the consumer having only to declare that product or
service was containing a default.

Liability regime interpretation, with regard to informational product, allow us to assimilate to the
fault concept the following situations where producer and/or distributor neglects to put in place
technical and organisational mechanisms in a way to prevent damages, to reveal the part of
uncertainty included into the data, to formulate indications on the value of provided information,
and to control the software performance being used for interface between user and informational
product (Montero, 1998). For this last obligation, we can expect that the producer or distributor has
to do some compatibility tests between geographic information system available on the market and
the database in order to inform the user which one is recommended.

Considering the different liability regime mentioned above and the possibility that they can be
brought into operation following the commercialisation of geographical information, database
producers must ask themselves if the information furnished in a transaction are consistent with the
juridical obligations which fall on them. With respect to the previous discussion, it is plausible to
believe that the current forms of metadata do not allow the producer to respond adequately and
totally to these requirements especially with regard to producers’ and distributors’ information
obligations. In fact, metadata:

1. Rarely contain warnings and cautions with regard to the expected use, and considering the
language used, are hardly admissible in front of a civil court with regard to the requirement
of being clear and complete;

2. Do not constitute directions for use, which inform user on the product risks and dangers and
the means to take precautions against it, even in some cases, when sufficient information
allowing one to infer it is present, the interpretation burden falls on the user (Frank, 1998);

3. Can be hardly considered as a technical and organisational mechanism in a way to prevent
damages, especially since they are often incomprehensible to non-experts users. (Ex:
Mercator Transverse cartographic projection, reference datum NAD 83, etc.) ;

4. Are much too numerous (particularly when they are associated to each entity) to allow
efficient consultation and to infer in which measure the expected application will generate
reliable results, this situation can be considered as much a management and user-
friendliness constraint as a juridical constraint.

The user manual conception, the ultimate goal of the MUM project, will take into consideration
these obligations of Quebec legislation described in this section.

OEEPE/ISPRS Joint Workshop on Spatial Data Quality Management, 21-22 March 2002, Istanbul.
61



3. SPATIAL DATA QUALITY MANAGEMENT AND COMMUNICATION

In order to provide to users information about geospatial data quality in an easily understood
format, we need to define database structures that may store this information. We suggest an
implementation using (i) a single multidimensional database containing both raw data (metadata
and other source of information about data quality) being used before comparing information about
data quality and users’ needs and (ii) another multidimensional database containing the values of
comparisons between the aggregated values and the users needs (indicators values) that will be
displayed to the users.

3.1 Multidimensional User Manual General Architecture

In order to solve these different problems, we aim at elaborating a system that evaluates data quality
according to the “fitness for use” definition. The system would compare data specifications as
provided by data producers, with the needs, as expressed by users. It would also take into account
the level of risk a user is willing to take for his project. In order to be able to compare these
descriptions, the system would formalise them into a product ontology and a user ontology. By
comparing these two ontologies (describing the properties of objects, relations, etc.), it would be
possible to quantify and qualify the proximity between the two (i.e. the overall quality). The
information produced by this comparison would highlight some possible risks that may occur when
manipulating the data in some context. For example, a dataset may represent houses. According to
data producers, houses may be all constructions that have more than 150 m* whereas data users may
need all constructions of any size. These risks can then be communicated to users using an interface
coupled or integrated with the GIS.

3.2 Spatial Data Quality indicators hierarchy

Information about Geospatial data quality has to be provided to data users in order to help them
during their decision processes. Cognitive sciences and decision processes theory teach us that
humans often base their decisions on indicators. A physician will for instance look at different
indicators when treating an illness (ex: pulse, tongue, temperature) before deciding on the medical
treatment to apply. Decision support systems also often use indicators in order to provide high-level
aggregated values to strategic decision-makers. In this context, indicators may be defined as “a way
of seeing the big picture by looking at a small piece of it” (Jackson community Council, 1999). We
need then to define indicators that may inform users more efficiently than present metadata
descriptions.

The MUM system organises the indicators following a multidimensional hierarchy (see Figure 1)
that may be managed using an On-Line Analytical Processing (OLAP) system (Berson and Smith,
1997, Codd, 1993). This category of tools allows users to navigate at different levels of aggregation
within a multidimensional database without having an information overload (only a few pieces of
information are displayed at each level). Indicators’ values may be displayed using different
representations depending on the type of value (street light, yes/no, percentage, speed meter, etc.).
Figure 1 uses only a street light display for indicators values, the green light meaning that data is fit
for the intended use (low risk), the red one meaning that there may be high risks on the associated
indicator and the yellow one being somewhere in between. A user may then be aware of the overall
data quality by viewing a single indicator “SD Quality” (for Spatial Data Quality). If he wants to
have further detail on this indicator he may use the OLAP function “Drill down” in order to display
the indicators of which this high level indicator is composed (in this case, Confidence, Data quality
and Risk seriousness). He may then wonder why the Data Quality indicator has a red value and drill
down again on this indicator to display the next level of detail, etc.

OEEPE/ISPRS Joint Workshop on Spatial Data Quality Management, 21-22 March 2002, Istanbul.
62



| SD Quality |

| Confidence | | Data Quality | [Risk seriousnesg
(@ O O O

evels of detab

.

L

Descriptivel Spatial |Temporal| | Reliability |\/
SO @ Iels) oo

Figure 1. Example of Geospatial Data Quality indicators hierarchy.

3.3 Spatial Data Quality dimensions

Information about Geospatial Data Quality may be organised using different levels of aggregation
within the database. In order to manage these data into a multidimensional database, we first need to
define the different dimensions the data may follow. Three reference dimensions are used in this
structure (geometry, semantic and temporal) in addition of dimensions for each quality indicator.
Reference dimensions allow the association of quality values with its level (e.g. Indicator A
associated to an instance of the class object lake). Unique combination of reference and quality

dimensions allows to have a measure for the quality.

3.3.1 Geometric dimension

Quality metadata may be attached to elements at different levels of detail on the geometric
dimension. The levels are:

Geometric primitives (ex: line segments composing a polygonal lake);

Complete geometric shape of an object (ex: complete polygon of Lake Placid);

All geometric shapes of a same object class (ex: all polygons representing lakes);
Dataset or all geometric shapes of all object classes (ex: topographic map of a region
including lakes, rivers, streets and houses).

3.3.2 Semantic dimension

Quality metadata may be attached to elements at different levels of detail on the semantic
dimension. The levels are:

Value (ex: commercial);

Domain (ex: commercial, industrial, residential);

Attribute (ex: building type);

Object Class (ex: building);

Semantic (ex: semantic of buildings, lakes, rivers and streets).
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3.3.3 Temporal dimension

Quality metadata may be attached to elements at different levels of detail on the temporal
dimension. These levels may depend on the hierarchy defined by the user, such as:

e Temporal primitives;
Complete temporality of an attribute (evolution) or an object (existence);
Complete temporality of an object (evolution thru all attributes + its existence);
All temporalities of a same object class or of a same attribute type of a same object class;
Dataset or all temporalities of all object classes.

3.3.4 Quality indicator dimension

Quality indicator hierarchy is organised in term of dimensions in the multidimensional database.
The different levels are not generic and may change depending on the system conception.

3.4 Information about quality aggregation

Whereas data producers often documented datasets using a short description at the dataset level,
many data producers want now to document their datasets at a more detailed level, such as the
entity level. However, a complete documentation of the dataset following, for instance, the ISO
standard for geospatial metadata, may require to fill more than 400 fields for each object. Then, the
volume of metadata that has to be managed by the system would be much more important than the
volume of data. It would be in this case impossible to communicate clearly to users a big picture of
the overall quality. There is then a need to provide users an aggregated view of the overall dataset
quality. We are suggesting in our approach the use of contextual quality indicators that are an
aggregation of several information about quality.

Quantitative data aggregation may be done using some basic formulas such as minimum, maximum
or average, or more sophisticated methods, depending on the context (ex: aggregation of horizontal
and vertical accuracy to create a “Spatial accuracy” indicator). However, if these methods may
work for quantitative data integration, it is not possible to apply them to qualitative data
aggregation. These may also be adapted for qualitative data aggregation by other data fusion
techniques may be more appropriate; for example, certain logical formalisms may allow, using
rules, the definition of more complex aggregation techniques.

3.5 Spatial Data Quality visualisation

Geospatial data quality may be communicated to users in different ways. Quality indicators can be
visualized using different representations (see section 4.2) within the GIS interface, such as within a
“dashboard” that user may consult when needed. For example, figure 2 presents a Spatial OLAP
system that integrates the quality information dashboard. This dashboard includes indicators
selected by the user. Indicators’ values change when the user adds or removes data in the
application. The yellow light on the bottom right of the screen, should always be visible in the GIS
environment, representing an aggregation of all the indicators’ values displayed on the dashboard.
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Figure 2. Visualisation of geospatial data quality using a dashboard (bottom left). Each symbol in
the dashboard represent an indicator selected by the user.

Another way to represent quality indicator values is to display them directly on maps using Spatial
OLAP systems (Rivest et al., 2001). This category of system allows the management and the
visualisation of geometric entities at different levels of detail. It may then be possible to directly
visualise quality indicators on the associated geometric entities and then to navigate at different
levels of aggregation using SOLAP operators (e.g. Drill down). Figure 3 provide an example of
Geospatial Data Quality visualisation using a Spatial OLAP system. Users can display quality
indicators either with a streetlight representation, or by directly associating the quality indicators to
the individual objects, at different levels of detail.
Visualisation Drill down \

— — \—
| /

Horizontal accuracy
indicator

Figure 3. Visualisation of geospatial data quality using indicators and a Spatial OLAP system.

As quality may vary spatially, indicators values have to be updated dynamically when the user
change the area visualised.
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4. CONCLUSIONS AND REFERENCES

This paper presented a method that allows the management and the communication of spatial data
quality to users in order to reduce the risk of misuse. This system, the Multidimensional User
Manual (MUM), would respond both to the problem of poor communication with the end users, and
to the legal requirements for data producers seem certain to have to follow. We presented the
advantages of communicating data quality using indicators, based on the aggregation of different
information about data quality, which would be easier to understand for end-users than present
metadata. Metadata are fundamental to this approach, since they represent a large part of the
information available describing data quality; however we will need more formally defined
metadata, using more quantitative data or enumerated values for instance, in order to be able to
automatically produce the quality indicators. We described how the quality information and these
indicators could be stored at different levels of detail within a multidimensional database and
retrieved using an OLAP system. We briefly introduced the challenges in term of data aggregation
that will be necessary for the definition of the indicators’ values. We then presented how this
information about data quality may be communicated to the end-users, whether they are experts in
the geographic information domain or not, using both the indicators display at different levels of
detail and a Spatial OLAP visualisation system. Each aspect of this User Manual system will be
explored in detail in different research projects.
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Abstract

During the last decade, much emphasis have been put on standardising the components
of spatial data quality. As a result, standardised quality measures related to geometric
accuracy, thematic accuracy, completeness and consistency have been defined.
According by a survey performed by the ICA, most data producers at the national level
use these measures when specifying the data quality. However, the same study also
report that the users of the data don’t request such specifications to a high degree. The
reason for this has not been investigated, but one possible explanation is that these
measures are difficult to interpret or use and that there is a lack of software and
procedures in using these quality measures.

The quality assurance routines used today, are usually suited for data producers, who
produce large volumes of data in a repetitive manner. In such cases, much effort can be
spent on data quality assurance routines with preserved or decreased production costs.
But most data producers don’t produce the same amount of information. As a
consequence, other approaches for establishing data quality assurance routines have to
be used.

Luleéd University of Technology have addressed this question in its research during the
last years. The approach is to build Web-based services that a user can use for quality
evaluation and quality assurance. The services are based on open systems, as defined by
the specifications from the Open GIS Consortium (OGC). Currently, the services being
implemented are used for error propagation studies using Monte-Carlo simulation. In
the (near?) future, other services will also be implemented. The services are currently
not robust enough to be used in real production. As a consequence, they are not yet
publicly available.

Outside the GI field, the term “usability” is often used in user-centred contexts. Here
quality is only one, but often important, dimension of usability. Other important
dimensions are for instance the accuracy of achieved goals, the efficiency of the
procedures, freedom from discomfort etc. There are several different definitions of
usability, also within the ISO family of standards. It is however not the purpose of this
presentation to analyse all these definitions in detail. But the conclusion is anyway that
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many other fields outside the GI arena consider the term “data usability” is more user
centred and that data quality is an essential part of data usability.

The Association of GI Laboratories in Europe (AGILE), is an organisation consisting of
more than 50 members from more than 20 European countries. The members in AGILE
are mainly universities with laboratories within the GI sector. A working group on
spatial data usability is currently being established. In November 2001, a workshop was
held in Wageningen, where scientists discussed scientific issues and action plans. If
OEEPE and ISPRS consider establishing international activities within the field of
spatial data quality, a co-operation with the AGILE working group is encouraged.
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