An Organisational Frame for Interoperability Testing in Spatial Data Infrastructures
J. Brauner, L. Bernard, M. Müller
Technische Universtät Dresden, Dresden, Germany
As Spatial Data Infrastructures (SDI) and prominently INSPIRE (Infrastructure for Spatial Information in Europe) lead to operational services that are getting involved in day-to-day business processes tools, measurements to test, assure, monitor and finally also certify the services’ fitness-for-use become urgently needed.
Types of testing for Spatial Data Infrastructures
Current SDI related testing activities and testbeds usually focus one of these five topics:
A) Standards development

B) Research beyond existing standards 

C) Compliance and performance checking

D) Prototyping for operational products

E) Demonstrating best practices
The development of standards (Topic A) requires exhaustive testing of service interfaces and schemas for data exchange. Within the last decade, the Open Geospatial Consortium (OGC) conducted OGC Web Service (OWS) testbeds as the means to combine the paper work, i.e. writing the technical specification as well as developing and deploying the software components to directly test the feasibility and practicality of upcoming standards. Most of today’s OGC and ISO (International Organization for Standardization) standards originate from these testbeds, which typically last for about six to twelve months.
Besides these standards driven testbeds, there is also an emerging need within the research communities for pilot implementations and the exchange of prototypes in order to evolve interoperability concepts beyond existing standards (Topic B). Current SDI research testbeds are rather isolated and lack a joint coordination in the meaning of a shared services, data and resources pool. An effort in this domain is the AGILE/EuroSDR/OGC Persistent SDI Test-Bed for Research and Teaching in Europe (PTB). Details about the PTB can be found at http://sdi-testbed.eu and Hobona et al. (2009).
Testbeds for compliance checking (Topic C) are mainly dedicated to industry requirements and provide testing tools (test suites) and courses to determine to which degree a candidate product or implementation fulfils the specifications of a standard or directive (e.g. in terms of functional fulfilment, performance, capacity, etc.). The OGC initiative for Compliance & Interoperability Testing & Evaluation (CITE) allows compliance checking of services and applications implementing OGC standards. In the context of INSPIRE, the compliance testing also refers to the Quality of Service or data schema compliance. For the Global Earth Observation System of Systems (GEOSS) and the Global Monitoring for Environment and Security (GMES) similar indicators might be developed to allow for compliance checking concerning the upcoming requirements.

Prototyping for operational products (Topic D) mostly involves industry testing activity before a new product is declared stable and offered to the customers or the public. However, the prototyping phase naturally succeeds testing activities from topic A) and B), suggesting an integrated testbed framework allowing a seamless transition from standards research to pre-operational testing.

Best practise testing (Topic E) usually applies existing operational standards based products in real world scenarios. Goals are to identify gaps from real world requirements, to derive directions for further improvements and to help users by developing best practise strategies on how to use final products most efficiently. Moreover, these initiatives focus on profiling or extending current standards to better serve a specific domain. Regional SDI testbeds or pilot developments can be named as examples (Bernard 2002; Riecken et al. 2003).
A conceptual and organisational frame for SDI testing
Existing testing activities and testbeds are either limited in scope (content wise) or offer only a finite timeframe for testing. Possibilities for knowledge, expertise and experience sharing are limited. Thus, they do not sufficiently enable collaboration among heterogeneous research and industry communities (a few exceptions exist nevertheless) and hereby limit the synergetic effects which could be achieved in interdisciplinary testing. A sustainable long-term availability of interoperability testing results (either in form of concrete Web Services or knowledge) is prevented (Gould et al. 2007). Testing is normally funded by a specific business sector and therefore restricted to a certain scope. New ideas which do not offer profit at first glance are usually excluded or ignored by these activities. A demand for an integrated testbed which incorporates all the different testing foci is at hand. However, recent discussions in the EU funded GIGAS project (GEOSS, INSPIRE, GMES – An Action in Support) showed difficulties with a fully integrated approach: The gap between 1) testing new developments in a very experimental manner, 2) soliciting standards and 3) compliance checking which aims for (legally mandated) standard compliant certification is often too wide. In these cases, an integrated testing approach might be no solution at all.

Therefore, an approach based on three key aspects (see Figure 1) has been developed in GIGAS (GIGAS 2009):

1. A Meta SDI Testbed which acts as an umbrella portal for all testing activities.

2. A Persistent Interoperability Testbed (the maturation from research to pre-operational interoperability testing).

3. A Persistent Test Harness to test for service interface and data standard compliance (including certification as the final step in a product maturation process).
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Figure 1. A conceptual frame for SDI testbeds and testing activities.
The Meta SDI Testbed for SDI interoperability testing forms an umbrella for all SDI related testing activities. No real testing is carried out in the Meta SDI Testbed, but it provides an information and knowledge sharing platform about ongoing testbeds, technically been realised as a web portal.
The Persistent Interoperability Testbed (PIT) provides a (persistent) infrastructure (comprising basic services, security and trust mechanisms, licensing, etc.) to allow for conducting testing initiatives in a two-tier approach. SDI research related testing has a typical life-span from approximately one to three years. Here the PTB (Hobana et al. 2009) or the EU research projects activities take place, most likely complemented by fitting research-oriented OGC testbeds. As the technology resulted from actual research matures, pre-operational SDI testing initiatives are also carried out in the PIT. These activities usually have a shorter life span than research. Examples are the INSPIRE Initial Operating Capability Task Force (IOC TF) testing activities, the OGC testbeds (e.g. the OWS Phase 7 testbed) and pilots, and GEOSS pilots (e.g. GEOSS Architecture Implementation Pilots (AIP)).

The Persistent Test Harness represents an environment to perform the final phase in the product maturation process in terms of interoperability: the certification of standard compliancy. This component provides a test suite for service interface and data compliance checking extended by performance testing tools. No interoperability testing between components is carried out. The test suite only tests if a certain implementation fulfils the requirements of the corresponding standard. Hence, the Persistent Test Harness activities only support interoperability indirectly. A prominent example is OGC CITE. This kind of testing activity will become more important in the future, e.g. as INSPIRE compliancy has to be certified in a more or less legal context.

Based on the study of existing testing environments and activities and the outcome of the GIGAS project in general, the following requirements and motivational aspects for the PIT as the core component for future interoperability testing can be identified:
· The provided possibilities and tools for collaboration and the resulting synergetic effects improve productivity among all (European) SDI interoperability development activities.

· The PIT generates a high added value for the GI research community by providing a reliable prototyping and testing environment.

· The visibility of the PIT participants and the involved initiatives is increased and their work is even more transparent to the public.

· Prototypes, demonstrators and best-practise implementations can be persisted. Results from EU Framework Programme (FP) projects and tenders remain accessible in the PIT and therefore gain sustainability.

· The ad hoc availability of a complete testbed environment reduces costs for EU FP projects and tenders, as no new environment has to be set up for each project or tender. Test data services, data schemas, catalogues and trust functionality can be used from an existing resource.

· SDI standards and interoperability teaching is also supported by the persistent testing environment. The amount of additional resources for each teaching body is minimised.

· European voice in international standardisation bodies is strengthened by a consolidated European interoperability testbed (where standards are developed and tested).
The outlined requirements represent the benefits for the European SDI interoperability community and are therefore applicable for the INSPIRE community to support a better collaboration. Within the GIGAS project, business models are getting developed to enable sustainable implementations of the above sketched Meta SDI Testbed, PIT, and Persistent Test Harness. These business models get currently consolidated with a number of GIGAS stakeholders and can be presented at the INSPIRE conference.

Acknowledgement
This work has been conducted in the frame of the GIGAS project (see http://www.thegigasforum.eu), a support action funded in the EU FP7. We are grateful to our GIGAS colleagues for discussions and input which helped shaping the presented ideas.
References
Bernard, L. (2002). Experiences from an implementation Testbed to set up a national SDI. In: Ruiz, M, Gould, M, Ramon, J (Eds.), 5th AGILE Conference on Geographic Information Science 2002. Palma de Mallorca: 315-321.

GIGAS (2009). D3.5a - Business model for an interoperability testing platform. GIGAS document. http://www.thegigasforum.eu. 

Gould, M., Jackson, M., Klien, E. and Lemmens, R., (2007). Design and implementation of persistent testbed for geo-web services. Proceedings of the 13th EC-GI & GIS Workshop 2007, Porto, Portugal. 

Hobona, G., Jackson, M., Gould, M., Higgins, C., Brauner, J., Matheus, A., et al. (2009). Establishing a Persistent Interoperability Test-bed for European Geospatial Research. In J. Haunert, B. Kieler, & J. Milde (Eds.), Proceedings of 12th AGILE International Conference on Geographic Information Science. AGILE. Hannover.

Riecken, J., Bernard, L., Portele, C., Remke, A. (2003). North-Rhine Westphalia: Building a Regional SDI in a Cross-Border Environment / Ad-Hoc Integration of SDIs: Lessons learnt. 9th EC-GI & GIS Workshop ESDI, June 25-27 2003. Coruña, Spain
