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1 Introduction

1.1 Interoperability and Geographic Information Systems

It was recognised some years ago that interoperability between systems would be of major benefit to both vendors and users.  Vendors would be able to focus on the functionality and interface of their product, users would be ensured of minimising software and data duplication.  There are now many groups, consortiums and other organisations investigating, testing and setting standards for interoperability in many areas of computing, including but not limited to telecommunications, networking, and object handling for Internet-based applications.

Traditionally, Geographic Information Systems (GIS) have been closed in that it is difficult, if not impossible, for the end user to access data and functionality from one system through another, different piece of software.  Resources are often spent converting data between formats so that it is accessible by all geo-processing tools used within an organisation.  This can lead to data duplication and a high possibility of inconsistent datasets.

OpenGIS™ is defined as transparent access to heterogeneous geodata and geoprocessing resources in a networked environment.  In 1994, the Open GIS Consortium (OGC) was founded with the goal of providing a comprehensive suite of open interface specifications that enable developers to write interoperating components that provide these capabilities [1].  Although started in the United States, today the OGC encompasses members from all over the world and is a truly global endeavour.

1.2 JRC GIS Support Activities to DGIII

Two tasks in the 1998 Work Programme for the JRC GIS Support Activities to DG III were key in the Commission’s interest in interoperability in GIS.

The first task was the publication of the second edition of the report A Strategic View of GIS Research and Technology Development for Europe [2].  The request was specifically to revise the conclusions of the report in light of recent developments.  This resulted in a number of recommendations to the Directorate-General III (Industry) of the European Commission. One of these was that support should be provided for a GIS demonstration laboratory to be established at the Joint Research Centre, to act as a focal point for technical actions, as a showcase for European products, and as a training facility for young GIS researchers from different member states.

The second key item in the 1998 Workplan was for the definition of a proposal for a Virtual Interoperability Laboratory (VIL).  Such a facility should work as a network, linking sites hosting GI/GIS laboratories and facilitating tests of methods for remote access to data, WWW techniques, new systems with improved interoperability and new standards.

The laboratory would contain systems from European (and other global) GIS vendors for the purpose of evaluating emerging GIS technology, particularly with respect to long term interoperability issues including standards development, benchmarking and branding.

1.3 Virtual Interoperability Laboratory Workshop

As a result of the recommendations from the Strategic View report and the requested VIL, the JRC, together with DG III decided that the best way to define such a laboratory was to hold a closed workshop to discuss various aspects of the proposal.  In February 1999, a group of invited experts (Appendix A) convened at the Joint Research Centre in Ispra, Italy to participate in a one-day workshop discussing all aspects of interoperability relating to GI/GIS.

This report details the discussions, conclusions and recommendations arising from the Workshop.

2 Key Speakers

Seven presentations were given at the workshop, covering topics of importance to industry, research and data production.  The key points raised in each presentation are given below:

2.1 Interoperability - An Industry View: Problems vs. Priorities

John Glover of Intergraph Integrated Solutions focused on industry’s view of what a VIL can do for Europe, how it should be justified and funded and how it would help European industry [3].

The following diagram from the presentation shows the close relationship between all players in the product supply process, and how a VIL would serve all interested parties.
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The key points from the presentation are:

· Component solutions are the most desirable

· Europe has particular priorities but no specific problems

· Solutions will be expensive and must be user funded

The value of a VIL must be established

2.2 VIL - Specific European Requirements: From a VIL User Perspective

Christian Chenez of EUROGI presented his view of a VIL, what role it would play and how it would address specific European interests [4].

Key points from the presentation are:

· Expected users of the VIL are GI/GIS professionals, institutions and organisations implementing or maintaining GI solutions

· Specific European issues exist at data level, and at legal and administrative level

· Focus/emphasis should be on access, interoperability and the Internet

A measurement of interoperability would be very useful

2.3 Review of Metadata Systems for Interoperability

Clive Best of the Institute for Systems Informatics and Safety, Joint Research Centre reviewed the role of metadata, existing technologies and potential developments for providing easy access to multiple, distributed, diverse datasets [5].

The following diagram illustrates how a global data clearinghouse would operate to provide essential services to the end user, transparently and effectively.

Vision of Global Clearinghouse
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Key points from the presentation are:

· Interoperability:  hassle free access to multiple services and data sources

· A controlled vocabulary for accessing metadata systems is essential

XML supports many of the requirements of a large-scale, distributed metadata catalogue

2.4 Information and Interoperability

Jonathan Raper of the Department of Information Science, City University focused on the properties of data and information, particularly in the areas of ownership, rights, protection and access [6].

Key points from the presentation are:

· Information is ordered, contextualised data
· Information has certain properties, such as: completeness, property rights, value, use, access

· Data has an intrinsic value and intellectual property rights are an important aspect

· Databases, including maps and images, are afforded copyright protection

· Pricing strategies for information must address different market requirements

· Public spatial information policies need to balance privacy with access to publicly funded initiatives

· Property /moral rights for information are not standardised across the EU

Intellectual property rights are poorly defined for information- especially when transformed
2.5 VIL Concepts and Viewpoints

Louis Hecht of the Open GIS Consortium reviewed the reasons for the creation of the OGC, the role of geo-spatial data in different sectors and industries, the value of a VIL, the reference model for a VIL, and the role of a European VIL within the OGC framework [7].

The following diagram illustrates the continuous loop mechanism within the OGC specification process, which benefits all participants.
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Key points from the presentation are:

· Geospatial Information must interoperate in many environments

· Information, not data, is the goal
· A VIL should be a place where organizations that see GI as essential can come to work on shared issues for experimentation and research
· It should be a place that facilitates deeper understanding of the social context of how people use and manipulate spatial data, often in conjunction with other data, to create information useful for their day to day decision making - finding alternatives to the map metaphor
· It should enable European Industry to attain and maintain parity in the global geoprocessing market
· It should connect existing systems into a coherent, interoperable whole by leveraging existing resources wherever possible

Such a facility must support many different viewpoints, each with its own priorities and expectations

2.6 Interoperability: Two Success Stories

Andrej Vckovski of Netcetera AG provided two examples of successful interoperability in different areas of information technology [8].

Key points from the presentation are:

· There are many success stories in many areas of technology, e.g. transportation, telecommunications, financial information
· The Internet and the WWW is one extremely successful example of interoperability:
· layered and scalable

· non-proprietary and open

· development is user-driven

· the technology is simple, extensible and flexible
· PostScript was developed to provide a device-independent way to describe and distribute  text and graphical shapes on printed pages:

· expressiveness through executable content

· graphical shapes can be exchanged

· one limitation is that there is almost no complexity control

development is vendor-driven
· many factors lead to success or failure of interoperability projects

there are many trade-offs when designing interoperable technologies 

2.7 Interoperability in the Laboratory

Andrew Frank of the Department of Geoinformation, Technical University of Vienna discussed details of how a European laboratory could contribute to the development of GI and GIS in the European context [9].

Key points from the presentation are:

· Information is useful to improve decisions and integration is the key to its use
· The value (and the market) for raw geographic data is minimal but this has been the focus of most National Mapping Agencies (NMA’s) to date
· Issues hindering the use of spatial information include: contextual integration, business integration (including legal issues) and technical issues
· In the short term, a VIL could demonstrate integration of data formats, improvement of metadata access, a spatial reference system and business solutions for pan-European data sets
· In the longer term, a VIL could build a business model for pan-European GI, demonstrate contextual integration (semantics: language, culture, administrative rules, law of the road, transportation, etc.) and support user-centered development methods for GI products
3 Special Interest Groups

Four Special Interest Groups (SIGs) were defined for the workshop, each of which was to examine in detail one aspect of GI/GIS technology for the VIL (Appendix B).  The subjects for the SIGs were taken from the main themes in a paper published by the OGC [10]. The four themes were:

· Metadata and Catalogues

· Geodata Modelling

· Technologies for Interoperability

Information Communities

3.1 Metadata and Catalogues

The Special Interest Group on Metadata and Catalogues discussed various aspects of data, metadata, distributed datasets, data access, and data marketing [11].

The group identified several points that should be addressed by a VIL:

· The Lab needs to be a user driven European clearing house
· The Lab should generate a multilingual thesaurus to address a major European concern, and could address nomenclature anomalies in specific fields, e.g. postal codes, administrative boundaries

· The Lab should build a layer between the user and the complexities of producer metadata

· An intelligent user agent is required to translate user needs into data requests
· It should be problem oriented and not content oriented, i.e. the metadata component of the VIL must help to solve problems not simply provide access to datasets

It should aim to become commercially sustainable through e-commerce and consulting activities
3.2 Geodata Modelling

The Geodata Modelling Special Interest Group looked at the modelling of spatial data, representation of data and how a VIL could help in these areas.  General questions were also discussed regarding spatial data models and user involvement [12].

Questions raised about data modelling for spatial data include:

· Should the data model be so intelligent that it informs the user about the semantics, axioms, assumptions used to create the data?

· Borders are often delineated as being exact boundaries to exact objects, but are they?  For surveyed lines (fictional objects) this may be true, but in many other aspects of life and nature, boundaries may mean very little
· How best to use different models to represent the same reality and the same model to represent different realities?  How is the user kept informed?
Raw, cleaned or massaged data?  When and why would a user want to choose between the options?
Specific areas that the VIL should address include:

· Focus on studying, testing, proposing and demonstrating the limits of different geodata models and algorithms

· There should be a study of the procedures needed to make data models more general

· There should also be major efforts to relate user, discipline and application needs to specific data types and models

· There is a need to associate processes with models, and vice versa

· VIL could provide a distributed platform and/or forum for the comparison and evaluation of different geodata types and the ways in which datasets based on different models may be combined
· The driving forces for interoperability should examine the reasons why people want to use pan-European data

· The Lab could evaluate and document algorithms used to generate data

The Lab could be in a position to inform users of the potential for multiple uses of the same data
3.3 Technologies for Interoperability

This Special Interest Group was originally charged with investigating technologies for interoperability.  However, by mutual consent, the group decided that this subject was too broad for the workshop and changed the topic to focus on how a European VIL could benefit European industry [13].

An interoperability laboratory must have a sound foundation from which it can operate in partnership with existing initiatives:

· A solid business case is required

· Existing OGC processes can be adapted to suit within a European framework

The VIL would fit into the OGC framework regarding specification, testing and other interoperability initiatives

Specific areas that the VIL should address include:

· A process which allows vendors to bid technology to standards
· A laboratory for testing
· Prioritize and define specifications which are ready for submission
· Select skills where to participate in OGC testing and provide services back to industry for adoption
· Detect and localize interoperability issues and liaise with the OGC for specifications

· Offer a European test bed for confirmation and support in specification work

· Conduct consumer research to establish European priorities

· Continually revise user priorities and map back against new technology
· Promote convergence of technologies in all areas, not just GI/GIS

· Look for projects that feature an interface between converging technology circles
· Remove barriers to interoperability from recommendations of projects (past and present, public and private sector) and raise the discussion and priorities

Use project results as “glue” for specification process
Additional considerations are that:

· The market will do what it feels appropriate regarding proposals for 5th Framework Programme projects

· GI coordination and a consistent testing, management and coordination approach is needed

Expertise and knowledge within Europe must be reasserted
There is a need to focus on high priority/high return areas.  In particular, the group identified the importance of the World Wide Web and the need to have a European test environment for Web-based mapping applications.
3.4 Information Communities

The final Special Interest Group discussed aspects of information communities [14].

The group started by defining the characteristics of an information community:

·  Implicit co-operation

· Producers and consumers interacting

· Common terms of reference e.g. frameworks

· Sustainability

· Agreed methods and practices

Information as a commodity
The group then went on to discuss the problems of the GI Information Community in particular:
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There was consensus that although there are particular issues to different types of information communities, some issues are common to all, including:

· Pricing

· Copyright

· Legacy institutions and how to utilise data, processes and knowledge acquired by these organisations

· Data and system usability

· Information infrastructure

Quality issues

Some of the solutions for the GI community proposed by the Special Interest Group include:

· Disseminate pricing studies, and conduct data pricing experiments

· Develop an open data brokerage

· Build a ‘map’ of competencies from legacy institutions

· Build information community-based partnerships to develop demonstration solutions

· Build a network of help desks in libraries, i.e. have a European Union Digital Spatial Library on line

· Examine the case for quality standards beyond mapping

4 Requirements

A number of specific requirements as to how the VIL needs to be defined and structured were stated.  The main concern was to ensure that there is minimal overlap with existing initiatives, particularly that of the OGC:

1. Participation in the OGC is considered to be the main contribution to technology standardization in the GI and GIS arena; there is no interest in participating in two (competing) groups.

2. The VIL must be managed and run by a commercial integrator company, located in Europe, providing this activity with experience, professionalism, and neutral behaviour.

3. The knowledge gained through the operation of the VIL needs to be kept in Europe.  While this addresses the traditional ‘Brain Drain’, a second, equally important result is to raise awareness of technology integration capabilities within European industry, and how to fuse those technology capabilities with those of other nations outside of Europe.  An analogy is the cooperative technology objective that the global auto industry now uses very successfully, through which European parts makers combine their technology with Japanese and American technologies to produce quality automobiles for a global community.

5 Conclusions and Recommendations

The conclusions and recommendations arising from the discussions held during the Workshop addressed all topics raised during the day’s proceedings.  The points raised by each of the four Special Interest Groups were pooled and the common recommendations distilled out.  The remaining recommendations from each SIG address the discussions held by that group.

5.1 Specific Interests

The four Special Interest Groups each provided very different views of the next steps to be taken in order to establish and develop a facility for the promotion, dissemination and management of GI/GIS interoperability within Europe.

5.1.1 Metadata

· A European Clearing House for all aspects of data (data, metadata, access, marketing, etc.) needs to be established in order to provide a source of information and a centre of excellence for all participants in the GI/GIS community.  This Clearing House should address a number of specific concerns, including but not limited to:

· Establishing a multilingual thesaurus, which will allow practitioners in different countries to identify common elements between diverse datasets.

· Be solution oriented by providing sample problems and solutions to which a user can map their own situation.

· Providing an intelligent user agent to translate user needs into data requests through sample situations, questionnaires and any other appropriate tool or facility.

· A medium term financial goal is for the Clearing House to become commercially sustainable by selling services, data and consulting activities.  A business plan must be defined which outlines the timeframe, milestones and activities to be performed in order to achieve this goal.

5.1.2 Geodata Modelling

· A small research group, studying, developing and testing algorithms and models appropriate to the field can address the Modelling aspects of GI/GIS.  The appropriate use or application of a particular model or algorithm should be clearly documented so that any user can refer to a library of material.  Again, a financial basis should be established for the research group.

5.1.3 Technologies for Interoperability

· A document, perhaps a White Paper, is needed that identifies and qualifies European technology items that could be contributed to the global technology activities of the OGC.  The issue of European needs and priorities had been raised numerous times in the past 18 months and a European funded VIL should focus on those issues.

· The VIL initiative must be complementary to, and not in competition with the OGC's activities.  There must be constant communication between the OGC and the VIL in order to coordinate activities on which the two groups are working.  Research labs mostly sponsored by and funded via Universities and the EC can and should play a major contributory role.  An industrial lab in Europe is a missing component and that is an issue that OGC will address.  OGC is using an existing industrial lab as its first interoperability lab, located in suburban Washington, DC.  A similar lab needs to be formed in Europe, run by European industry with an industrial focus.  Such a facility must be managed with a high degree of coordination with other OGC facilities elsewhere, to ensure that projects undertaken in one lab are not duplicating work in other labs.

· The VIL must be managed and run by a commercial integrator company, located in Europe, providing this activity with experience, professionalism, and neutral behaviour

· Non-EU members should be able to participate equally in the VIL activity.  VIL budgets should be shared by those organisations that contribute technologies, facilities and other infrastructure, along with the EC.  Cost sharing arrangements would, by necessity, have to be developed by the founding collaborators with a reasonable strategy for attracting additional participants as the VIL matures and projects come to it:

· There should be a fee for compliance testing, which should become part of the investment planning process for new products, which is the case in other industries, e.g. medical hard- or software.  The European Commision support SME’s through specific funding programmes.

· The VIL should consider offering facilities and consulting services on a fee-for-service basis for commercial (user-) benchmarks.  This in turn would generate know-how in the VIL for performing compliance testing efficiently.

· The Interoperability test site has to be easily accessible; i.e. should be in or near a major European transportation centre.

5.1.4 Information Communities

· One of the European GI problems frequently raised is that of data pricing.  Existing pricing formulae are aimed at the large consumer and do not serve the needs of small and medium enterprise.  New options need to be developed which will all interested parties to benefit from the large data collection activities ongoing throughout Europe and the individual member states.  A small group needs to be established to investigate and propose pricing mechanisms, which will promote participation at all levels of industry.

5.2 Common Interests

All participants raised a number of issues that must be pursued in order to successfully establish a facility in Europe for advancing the use and dissemination of GI and GIS.

· A sound business case must be established for a VIL.  In order for such a facility to become self-sufficient over the medium term, a clear business plan outlining funding, structure, milestones, potential clients, marketing strategy, etc. must be well defined.

· One area in which the European GI/GIS community has been remiss is in building links with industry specific user groups.  A major effort should be undertaken to identify, contact and build such links in order to include the end users of GI/GIS in the establishing direction and guiding development in this field.  Existing initiatives, such as AGILE and EUROGI, do not reach the organisations using GI in their daily operations.  End users must be heavily involved in all aspects of the VIL, from the initial definition to operation.  Pro-active measures will be required to identify and involve end users from a variety of application areas.  A concerted effort is required to include and involve user oriented groups, such as those promoted by GIS vendors, in the decision making process.

5.3 Virtual Interoperability Network for Europe (VINE)

The broad range of requirements and recommendations that arose from the discussions immediately suggested a network of groups each focussing on a different aspect of the interoperability issue.  This meant that it would be very difficult to define a single structure that would address the needs of all the interested parties.  Accordingly, the definition of the VIL has been expanded slightly to become a Virtual Interoperability Network for Europe (VINE).

Based on the above sets of recommendations, the following structure is proposed for the VINE:
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The VINE will be an umbrella organisation that pulls together the diverse interests of each of the sub-groups and ensures a common direction for research into interoperability as applied to GI and GIS.  Each of the components of the VINE will operate pseudo-independently, with coordination being provided by the VINE Steering Committee.  Results will be shared between the components but there is no inherent order in which the components need to be established.

The VINE Steering Committee should comprise the leaders or heads of each of the sub-groups.  This small group of individuals would be responsible for overall coordination of information exchange and publicity for the VINE and its components.

Due to the complexity and cost of setting up the various components of the overall VINE, it is recommended that initial focus should be on the European Industrial Laboratory (EIL).  There is great interest within European industry for a product test bed to be located in Europe for many of the reasons discussed previously.  Once the framework of the EIL is complete, the other components can be studied in more detail to see how, when and where they should be established to build a larger, European network of GI/GIS interoperability projects and initiatives.

The short nature of the workshop made it impossible to discuss and establish a detailed schedule of events to implement the various aspects of the VINE.  However, it is recommended that a timetable be drawn up and published as soon as possible, to ensure a minimum of delay in starting this important initiative.
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