Geographic knowledge discovery and spatial agent interfaces for location-based services
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Agents, geographic relevance and location-based services

Eight years ago Pattie Maes stated that computers have become the vehicle for an increasing range of everyday activities (Maes, 1994), a statement that involves two assumptions. The first is that the volume of available information in all subject areas is reaching such proportions that it is almost impossible to acknowledge and manage it. The second is that an increasing number of untrained users are becoming acquainted with the use of computers. Both assumptions still apply in the current situation where the usage of mobile phones and hand-held devices is increasing; currently untrained users are on the move, and they are using small devices. Maes (1994) suggested that interaction metaphors should evolve from direct manipulation, where users initiate all tasks explicitly and monitor all events, to indirect management where users are engaged in a cooperative process of both human and computer agents initiating communication, monitoring events and performing tasks. The use of the indirect management metaphor was Maes’ case for the use of information agents. Direct manipulation is still applied today however and the characteristics of using mobile devices exacerbate the consequences of information overload (Ostrem, 2002). 

The aim of the WebPark Project is to develop a personalised, timely, location-based tourist information service for mobile visitors to remote leisure areas (WebPark, 2003). Delivery is via smart phones and connected Personal Digital Assistants (PDAs) in the field. The main test area for the project is the Swiss National Park; a well-documented alpine region with data sources available for all types of users. The project aims not only to make existing information available through hand-held devices, but also to record visitor behaviour within the park to adapt information to their needs. 

To develop successful services the WebPark project has been considering the following factors. First each visitor has a defined user profile that can evolve with time. Second the visitor does not want to perform exhaustive searches for the information; rather he/she will want relevant, timely information identified for them. Third the visitor will not know the structure of information available and will not want to spend time learning it. Finally the mobile device used to access the service will be small and does not include a large screen display for visualising data. These factors have led the WebPark team to develop a service that provides personalised information based upon user profile, time and location; being sympathetic to the particular information needs of an individual ensures that information is geographically relevant (Raper et al, 2002).

Agents are being developed to fulfil this role within the WebPark project. Geographic knowledge can be extracted from databases of users’ spatio-temporal behaviour to generate summaries and patterns that agents can refer to when judging whether to push information. The use of the indirect management metaphor can provide the user of the service with the added value of information adapted to them on the fly. In this paper, the interface between the geographic knowledge discovery component and an agent component is presented, describing how the information generated by the former can be used by the latter to provide users with the information they need, where and when they need it.

Geographic knowledge discovery and summary 

A user carrying a positional aware mobile device can generate a log of time stamped points that represents their movement through space over time. These logs can be referred to as mobile trajectories (Smyth, 2000). This raw point data can be voluminous to store and slow to query hence should be summarised for use in a real-time system; this is particular true of mobile devices, which typically have more limited storage and processing capabilities. Summarising point data as a surface (raster) allows the data volume to be controlled (by changing the resolution of the raster cells) and allows rapid information retrieval for a location.

Representation of mobile trajectories as surfaces allows a number of different attributes to be stored. A point density surface (a count of the number of points that fall within each raster cell) represents the frequency at which locations are visited by individuals (or groups of individuals) and hence offers a summary of how familiar (or popular) that location is (Mountain and Dykes, 2002). Extending the surface analogy, morphometric features derived from point density surfaces summarise variations in surface form, indicating local point maxima and minima in the form of points and pits, and linear maxima and minima in the form of ridges and channels (Pfaltz, 1976; Wolf, 1984). Initial research suggests these features correlate closely with personal accessibility representing transport nodes, networks and barriers (Mountain and Dykes, 2002).

Surfaces storing mean velocity derived from all users’ mobile trajectories provide a measure of accessibility. These surfaces should consist of several layers reflecting the fact that velocity is directional (eg people on foot general move faster uphill than downhill). This measure offers more realistic predictions of accessibility based upon actual previous experience than simple approaches based upon Euclidean distance. An alternative approach to measuring accessibility is to calculate space-time prisms (Miller, 1991) based upon previous aggregate behaviour. These define the spatial regions within a particular a location was accessible within a specific time interval; they can be represented as nested polygons or surfaces (see figure 1). Since these space-time prisms require a focus they are a less generic accessibility measure then velocity surfaces and are more appropriate as metadata for point locations. 

As well as surfaces representations, rule summaries can be derived from mobile trajectories that can then be applied to new situations. Relationships between different attributes, such as gradient and velocity can be summarised as equations or a series of ‘if, then’ rules that can be used to predict travel times over terrains for which no data exists.



User events are a further source of data that can be logged and undergo and data mining process. The time and location that a user accessed a particular item of information, such as a point of interest (POI) on a map or a georeferenced HTML page can be recorded as part of the system log. This addition of spatial and temporal metadata can be considered as a mobile web log, recording hits along with the characteristics of the user, the time of access and their proximity to the information at the time of access. An instance table derived from this mobile web log can be summarised as a decision tree to provide a further rule base with which the agents can reason.

	Figure 1: Three space-time prisms based upon aggregate mobile trajectories (the black points) representing the region accessible (grey shaded area) for a point location (black cross hair) for;

	10 minutes
	20 minutes
	40 minutes
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Agent reasoning
Generally, agents can be defined as autonomous, problem-solving computational entities capable of effective operation in dynamic and open environments (Luck et al., 2002). In the context of location-based services (LBS) therefore, they should be capable of selecting and providing geographic information that is simultaneously user, location and time relevant as suggested above. In the case of WebPark intelligent agents could be designed to help three identified actors; park managers, park rangers and users. 

In order to proactively assist any of these actors, agents must be able to capture their spatio-temporal behaviour in the form of a user model. One approach to build the user model based upon a geographic framework is to define a set of rules that classifies users behaviour according to classes of visited locations, time (including cyclical aspects of time such as season) of the visit and the user profile. This classification system will change over time and will become more accurate as the volume of data collected increases. Intelligent agents can improve their knowledge about a user and reason about what information should be made available to a user and when ranking information for that particular user. In this context, the agent’s reasoning must not disturb the user with intrusive alerts; an approach identified as unwanted at various stages of user needs analysis (WebPark, 2003). The following example illustrates. For a user who slows or stops close to a location known to contain specific flower species, it is more appropriate to push information about these specific species than simply to indicate the existence of the site. If the user has no stated preference in park flora, the simple indication that they are at this site may be enough. Generally, intelligent agents should be proactive but non-intrusive and therefore the rules derived from the user model should have the highest priority.

The second kind of rule utilised by intelligent agents for reasoning about relevant information involves the spatio-temporal context. The geographic knowledge discovery component (described above) facilitates the creation of map layers, which can classify characteristics of specific users and aggregate behaviour. The agent component can then convert this information into a measure of the accessibility of a specific location. This measure can be used to rank the accessibility of the user to different information sources in a more sophisticated form than simple distance functions. The intelligent spatial agents proposed will merge this geographic knowledge with the user model to reason about the accessibility of a point of interest for a particularly user. Some parameters that influence accessibility for a specific user have been identified in the exploitation of spatial context (Zipf and Aras, 2002). These include user age, walking duration (how long he/she has already been walking), weather conditions, prior knowledge of the area and terrain gradient. Agents must combine all these factors to meet the information needs of mobile users of the WebPark LBS. 
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