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Abstract

The objective of the paper is to discuss the process of establishing a test environment for ubiquitous geospatial applications. The project was launched in 2006 at the Finnish Geodetic Institute (FGI), and the aim is to support researchers and application developers in developing next generation instruments and applications acting with a ubiquitous network of computers. The test environment is situated in the Nuuksio area in southern Finland. Part of the Nuuksio area consists of a national park, which is used for many kinds of outdoor activities. An extensive 3D data capture, including airborne scanning and mobile mapping based on terrestrial laser scanning and photogrammetry, has already taken place and a number of other data sources will be available.

The paper discusses the background of the ubiquitous approach and the different requirements of the test environment covering topics such as wireless technology, infrastructures, interoperability and context-awareness. A 3D-model of the environment serves as a reference frame to which other information elements are linked, forming the basis of the users’ virtual experience of the environment. The test environment will support the functionality of various terminals for ubiquitous applications (PDAs, cell phones, wearable computers, audio and augmented interfaces). Ubiquitous geospatial services can be understood as services that are available everywhere and at all times, and attached to geospatial information. Wireless communication infrastructures are thus an essential component of ubiquitous geospatial services. The vision for further research is to build a Sensor Web, a network of sensors accessible over the Internet. However, successful communication is a prerequisite for the adoption of new technological developments by users. Therefore the term ‘ubiquitous geospatial interaction’ is finally introduced to emphasise the geospatial context and the role of the users.

1 INTRODUCTION

The development of geospatial information systems, mobile interactive terminals and positioning systems and the integration of multiple digital services provide new possibilities for exploiting locational information. Future ubiquitous map services will be integrated into multimodal tools for spatial communication, taking advantage of embedded tags in the environment, for example. Ubiquitous Computing is a current trend in information and communication technology, even so widely that you can call ubiquitous to have become a buzzword of today. The basic concept includes various computing devices interlinked through wireless communication channels. But the concept has been already around for some time: Weiser (1991) envisioned that in the near future, a great number of computers in a ubiquitous network would be present in our everyday life. Also geospatial information technology has brought information and services accessible in various new forms and through a wide range of devices. Context-awareness, especially location-awareness seems to be an especially appealing approach.

The constantly improving bandwidth of the mobile networks opens up new possibilities for the development of location-aware applications. Mobile solutions can increasingly be based on network service architecture, instead of depending on local data storage facilities. New rich geospatial content types can be introduced; including for instance detailed 3D-models, georeferenced video and panoramic views. Standardised interfaces largely exist for traditional geospatial content types and various conformant services are being implemented – often in the context of national or thematic Spatial Data Infrastructures (SDIs). The three-dimensional datasets pose some new challenges, however, as traditional applications have mostly concentrated on conventional 2D map representation only. Sensor networks provide a special new source of information for mobile outdoor applications. The rapid development of sensor technologies facilitates the introduction of dynamic variables into location-aware applications. Sensor networks are also well represented on the work agenda of the standardisation bodies, and the related standards are rapidly becoming sufficiently mature for experimental testing in pilot projects.

At the European level, the ICT – Information and Communication Technologies Programme of the Seventh Framework Programme builds on and extends the Ambient Intelligence vision developed in the previous Framework Programmes (ISTAG, 2003). The future generation of technologies in which computers and networks are integrated into the everyday environment, rendering accessible a multitude of services and applications through easy-to-use human interfaces, are still in focus. The strategies also include aspects aimed at developing next generation collaborative working environments, which should provide collaboration services to make possible the development of worker-centric, flexible, scalable and adaptable tools and applications. This will enable seamless and natural collaboration amongst a diversity of agents (humans, machines, etc.) within distributed, knowledge-rich and virtualised working environments. 

2 Test environment for ubiquitous applications

2.1 Background

In order to investigate these topics and to move research towards even more advanced ubiquitous services, the Finnish Geodetic Institute (FGI) has began to set up a test environment. In this initiative, the focus is on outdoor activities. Located less than an hour’s drive from downtown Helsinki and 15 km from the FGI office building in Kirkkonummi, the Nuuksio national park area was quite a natural choice as a basis for development. The Nuuksio national park, providing possibilities to escape the busy capital city and to experience nature, constitutes an environment challenging enough for testing ubiquitous services for people interested in outdoor activities.

The databases containing geospatial information over the Nuuksio area constitute the most central element of the test environment. Taking the existing databases as a starting point, the area is currently completely covered by the Topographic Database of the National Land Survey of Finland (NLS). This 2D-database has a nominal scale of about 1:10,000. The existing digital elevation has 25 m grid resolution, the vertical accuracy being about 1.5 m. To complement these with more accurate data, the FGI has started to compile various more accurate and novel data sets for the area. Airborne laser-scanning data with a point density of more than one observation per square metre already covers nearly half of the 250 km2, the measurement of the second half being currently under way.  High-resolution digital colour and infrared imagery with 20 cm ground resolution will soon be available. 

2.2 3D information as a geospatial reference frame

The laser scanning data make it possible to create a high-resolution digital elevation model of the area, and to extract 3D-shapes of features such as trees and buildings. Even now it can be seen that users are getting more and more used to 3D-representations in different kind of applications, such as video games, Google Earth, as well as public 3D-visualisation of road and building plans. Therefore, the Nuuksio test environment will also contain 3D-models of buildings with photography-based textures on the facades. 3D-models have also been created of some of the interiors, Figure 1. 

The creation and requirements for the geospatial 3D model of the Nuuksio test environment constitute an interesting research topic of its own. However, this 3D-model serves ‘only’ as a reference frame to which other information elements are linked, forming together the basis of the users’ virtual experience of the environment. At the FGI we are working particularly on the integration into the same environment of various multimedia components, including those created by various community groups.
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Figure 1. Various forms of geospatial information and sensors will be integrated in the test environment for ubiquitous applications, covering the Nuuksio national park and its surroundings.

The vision for further research is to build a Sensor Web, a network of sensors accessible over the Internet. In addition to the sensor network, active tags will be placed on ’landmarks’ or Points of Interest (POIs) covering the most interesting places in the area. Methods for 3D-visualisation, multimodality and virtual reality can be applied and combined in new ways in ubiquitous applications, where sensor networks are used to collect many types of information about the environment.

3 Requirements for test environment

3.1 Wireless technology

In the Nuuksio test environment, our aim is to test ubiquitous geospatial services especially in outdoor situations. It is apparent that in the near future, such services will be strongly dependent on the usage of multimedia phones. Their fundamental strength is based on the existing and evolving communication infrastructure. In the future, various permanent environmental sensors, such as visitor counters, weather stations and outdoor cameras, will be linked to the services to provide richer, real-time content to the users.  The usage of RFID (Radio Frequency Identifier) technology is another plausible direction for development. The usage of RFID tags as ‘digital lighthouses’ for identifying places and objects is one possibility. Alternatively, the tags could be used to track marked animals, or even visitors in the Nuuksio national park. 

Ubiquitous geospatial services can be understood as services that are available everywhere and at all times, and attached to geospatial information. The devices themselves are often embedded in clothing or footwear, for example, and their existence and functionality may even remain unknown to a user. Taking ubiquitous computing in perspective, the services utilise the ability of devices to communicate wirelessly with each other. Wireless communication infrastructures are thus an essential component of ubiquitous geospatial services. 

3.2 Rich data content

Equally important to the wireless communication is the content that will be delivered to users. The content can be based on rather static databases, such as the 3D models of the environment as described above. The content can also be highly dynamic, created and updated in real time, based on sensor networks or supplied by other users through various community forums. In some of the cases information will be passed on to a user relatively directly, whereas in other cases the user may only receive some more refined and pre-analysed, value-added information. Taking a radical view to the issue, data content as such is not interesting at all to a user. In this context, only the answers to very basic and instant questions are relevant for the user. Taking a traditional road navigation task as an example, a user might not be interested in route information as such but only in receiving step by step routing information in real time.

3.3 Infrastructures and interoperability

The broad meaning of ‘ubiquitous geospatial applications’ is so overwhelming that the spectrum of necessary infrastructures becomes wide. As pointed above, wireless communication infrastructures are very essential components for ‘moving bits around’.  It is very typical of ubiquitous computing applications that these communication infrastructures appear in many forms, starting from the rather rigid mobile telephone networks and ending with ad-hoc networks connecting various sensors with each other.  The community on geospatial information technology is actively developing standards for reaching interoperability on application level, and e.g. Open Geospatial Consortium Inc. has already launched the so-called Sensor Web Enablement initiative with the goal of building a framework of open standards for exploiting Web-connected sensors and sensor systems (OGC, 2006).
Interoperability of the systems as such is mandatory for the successful implementation of ubiquitous geospatial applications. As these applications are likely to deal with very heterogeneous contents, their automatic interpretation and integration is likely to become an important subtopic. Approaches based on standard ontologies such as Standard Ontology for Ubiquitous and Pervasive Applications (SOUPA) (Chen et al., 2004) are an attempt to tackle this problem.

3.4 Context awareness

The ability for adaptation and context sensitiveness (Oppermann, 1994) are regarded essential characteristics of Location-Based Services (LBSs) (Meng et al., 2005; Sarjakoski and Sarjakoski, 2007b) in general, and of ubiquitous computing environments in particular (Morita, 2007). By using context information such as location and available resources (Shilit et al., 1994), geo-services could adapt the visualisation and functionality of a mobile map to different usage situations and individual user needs (Sarjakoski et al., 2007). The interaction should be possible anywhere, anytime and for all, which is especially challenging for information presentation: the user groups differ from each other, as do the usage situations. Information overload is one of the threats that is becoming a reality, and adaptation of information to the current user needs becomes more and more important.

4 Ubiquitous geospatial interaction

In ubiquitous applications the focus is on users and their interaction with the computers embedded into the environment. Successful communication is a prerequisite for the adoption of the new technological developments by the users. Therefore the term ubiquitous geospatial interaction is introduced by the authors here to emphasise the geospatial context and the role of users. Ubiquitous settings will create new kinds of possibilities to enhance the user experience of the (spatial) environment, and as a result, new kinds of modalities for interaction will be created. For example, Lehikoinen (2002) studied use of wearable computers in wayfinding. The User Centred Design (UCD) is a key method also for spatial application development (Nivala, 2005): the applications must be created in an iterative manner with appropriate user tests and feedback to the next steps in design.

Amongst the applications, the need for different kinds of services for social communities is emphasised; Google Earth being an example on the success of such services. The Nuuksio test environment focuses on outdoor applications, since it can be seen that outdoor activities, such as hiking in the forest, have become a growing trend in society. However, personal navigation systems are today mainly available for city life. Getting people to spend more time in outdoor life activities is also a means to prevent stress and improve public health; therefore we should not only focus on the development of ‘useful’ applications – having fun is becoming more and more important as a counterbalance to busy everyday life.

Ubiquitous geospatial interaction is a paradigm in cartography, which can be seen as reflections of such generic paradigms as ambient intelligence and ubiquitous computing. Ambient intelligence can be defined as the merger of ubiquitous computing (Weiser, 1994) and social user interfaces. It focuses on users in their environment with a strong orientation towards user-centred design (ISTAG, 2003). It puts the emphasis on user-friendliness, efficient and distributed services support, user empowerment, and support for human interactions. Morita (2007) points out that in the ubiquitous computing environment the communication should be bi-modal, interactive, and realised in real time.

While ubiquitous geospatial interaction aims at interaction between the user and the ubiquitous computing environment, the border between a dynamic map and a user interface (UI) is increasingly disappearing. Maps have been described as interfaces to geographic information systems (GISs) or interfaces to the real world (Kraak and Ormeling, 1996; Peterson, 1995). A map interface links the geospatial world to the device or software environment (Sarjakoski and Sarjakoski, 2007a). An interesting challenge for ubiquitous geospatial interaction is whether ‘the map’ finds its new role there – an adaptive geo-based interface to the ubiquitous computing environment.

5 Summary

The objective of the paper was to discuss the process of establishing a test environment for ubiquitous geospatial applications. Such test environments will become important in order to systematically test ubiquitous components allowing step-by-step development of more advanced systems. However, even technology must be understood in its role as an enabler of exciting and interesting user applications. First we must ask the question: What does the user need? Does the user benefit from the technology? The paper shows the first efforts and ideas for establishing a functional test environment, but the development of applications for ubiquitous geospatial interaction is still in its infancy. The ‘ubi-map’ is looking for its role in the infrastructures. Nevertheless, 3D representation of the environment and visual communication based on that is likely to remain important when various ubiquitous geospatial services are developed, and when people try to perceive, observe, and interact with their environment.
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