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Professional development:


I have worked in the area of geospatial representation for almost thirty years, and specifically in the area of space-time representation for the past fifteen.  I was  SEQ CHAPTER \h \r 1awarded a John Simon Guggenheim Memorial Foundation Fellowship for July 2000-June 2001.  This resulted in a book, entitled Representations of Space and Time.  Key components of this project included cognitively-informed database and visual representation of geographic knowledge, and how this can be used for creative thinking, knowledge discovery, and analysis of large geographic databases. 


I am member of a team of faculty and students within the GeoVista Center at Penn State that is currently constructing a prototype software environment, called STNexus, that incorporates an innovative multidimensional database schema and knowledge representation with state-of-the-art Geo-Visualization technology.  I am also currently a member of the Editorial Board of the International Journal of Geographical Information Systems, Taylor & Francis, and International Society for Photogrammetry and Remote Sensing (ISPRS) Journal of Photogrammetry and Remote Sensing, Elsevier, among other activities.
Contributions to and expectations of the workshop:


I intend to talk about my most recent research that involves development of a conceptual framework and prototype system for an integrated database and visualization environment for space-time information exploitation.  My expectation of the workshop is to talk with other researchers who are currently working in related areas and exchange information.
Vision, research synopsis and leadership relating to the workshop theme:

Virtually all current scientific, socioeconomic and security questions depend on geospatial information and on the ability of scientists to interact with that information in increasingly flexible and holistic ways, whether the problem context concerns, for example, managing urban growth, predicting the spread of disease, understanding an evolving world economy in the digital age or protecting against terrorist attack.

The important issues relating to these applications center on the understanding of geospatial processes, as entities change over time. The interactions among entities and their components within processes tend to be highly dynamic, interlinked, and with complex chains of cause-and-effect. For example, environmental water quality is affected by urbanization (housing and road density, etc.), which is in turn affected by public policy and economics governing how and where things may be built at both local and regional scales.

Because of the complex and non-deterministic interactions of social and natural components, improving our understanding of geospatial processes or deriving specific problem solutions generally requires representation and analysis of higher-level, domain-specific human knowledge in addition to observational data. The complexity of the processes being investigated also requires the application of expertise from multiple knowledge domains.  How do the components of a process and the subcomponents of each relate to each other, and at varying spatio-temporal scales?  Such questions are addressed via teams of analysts with differing domains of expertise and differing views of the phenomenon.  Because of the limitations of current tools, their analyses tend to be unlinked and potentially in disagreement.

Approaches for representation and analysis remain focused on handling observational data. The current manifestation of this focus is the emergence of networks for the purpose of linking various data sources and software tools, and providing real-time access to these, via what has become known as the cyber-infrastructure.  Storage of higher-level, derived knowledge, is rarely stored.  As pointed out by [1], GIScience has been focused on the study of form – of how world looks rather than how the world works.  What can be derived from current geospatial software tools is thus limited by the expertise, experience, and memories of the specific people using the system at a given time. This can be problematic, particularly in an emergency situation when a solution must be quickly derived. 
Formalized ontologies are widely seen as the means to overcoming this situation, and have received much attention within GIScience.  Ontologies, in a digital context, provide a basis for augmenting data with a common semantics for database integration and sharing, as well as a stored knowledge base.  These formalized ontologies are often described conceptually (and represented graphically) as concept graphs.  While this approach provides a means of representing a level of abstraction above the observational data that is also intuitive for the user, it is not without serious shortcomings with regard to representing space-time process, as well as refining our knowledge of processes through new observational data.

Formalized ontologies tend to be built through a manual, custom-tailoring process.  They may grow as users add concepts and relationships but the basic concepts and interrelationships among them are assumed to be static.  In the real world, however, concepts evolve - the basic categorical groupings from which they derive change, concepts can be replaced or completely redefined, as well as the relationships among them – as knowledge grows.
OWL has quickly become the standard language for encoding formalized ontologies.  OWL is a Web Ontology Language intended as a tool for providing a means for common understanding across the World Wide Web in the idea of the ‘semantic net.’ OWL was designed to define classes and concepts as well as their properties and relationships, and also to allow reasoning about these classes and concepts [2].  It, however, is weak in its operational ability to determine the need for change in the ontology represented via evidence from new data and to appropriately modify it.  The volume of new geospatial data streaming in from various sources, and their heterogeneity (with the consequent complexity and variability of possible patterns) makes a focus on inductive techniques such as those associated with Data Mining insufficient. Theory-driven methods of analysis that are guided by stored knowledge, as well as observational data, are required.

As already stated, ontologies provide a specification of classes, concepts and the structure among them.  Recent research has shown how this can be extended to include ontological history – explicit storage of new and superseded concepts, these linkages, and description of how components originate [3].  Nevertheless, the fundamental mechanisms of the underlying process – i.e., how things change and evolve to affect the form of the observed phenomenon and the derived, abstracted elements (or concepts) within that process – is not represented within any ontology.  A process can be defined functionally as a function that acts on a domain and may or may not refer to, or act upon, observed objects applicable to the domain (a specific instance of, for example, a city, disease, or multinational corporation) stored within the data.  The process could be simple and elemental (e.g., move forward), or could be more complex (shoreline erosion), in which case, it is composed from a dynamic set of hierarchically organized functions.  Generally speaking, such a function incorporates a description of behaviors and their applicable context along with defined triggers to specific behaviors.  Such a description would often consist of rules.  At an elemental level, a function could be an algorithmic or mathematical transformation.  
So, just as it is now acknowledged that storing large amounts of heterogeneous geospatial data requires a multi-representation framework, storing higher-level information concerning geospatial phenomena and their dynamics also requires a multi-representation approach.  Moreover, these multiple data and knowledge representations must be functionally interlinked.  Initial research at Penn State [4] has shown that the use of multiple software agent types linked with an ontology and database utilizing a what/when/where schema provides the needed combination of representational power.  
There has been growing recent interest in intelligent software agents in GIScience as a specific tool in a variety of contexts, including simulation of land-use/cover change [5], wayfinding [6], and social simulations [7].   Software agents are not only a natural way to represent social aspects (institutions, societies, etc.) as well as natural aspects (climate, hydrology, etc.) of geospatial processes, but also to represent the coordinated dynamic behaviors of multiple entities constituting complex dynamic processes.  They, in combination, can be applied in simulations of space-time processes to provide a key means of representing a specific process (or components of a process at a specific scale) in a dynamic way that deals with complex interactions [8].  

Cognitive agents, as opposed to reactive agents, maintain an internal state (e.g., goals, plans, and state information about the world), and behave by searching through a space of behaviors and cooperating with other agents (which in turn may affect their actions)[9].  Key properties of cognitive agents with these characteristics are that besides being situated (applicable, or active, within specific contexts) and distributed (maintain their own constrained view), they are adaptive (learn and improve through experience). Cognitive agents can thus also be viewed as corresponding to the expertise of a human expert. Reactive agents tend to be more algorithmic in nature and are thus appropriate for dealing with low-level functions.  A middle form (not fully cognitive) can also be useful as a flexible means of representing, various components of those processes.  
Such a multiple agent scheme provides a means of representing knowledge about process (captured through simulation and verified via linkage with observational data, or explicitly input by the user).  Agents, in combination with ontologies, act as knowledge carriers to provide qualitative information, derivation of higher-level abstractions, and makes large stores of observational data more easily retrievable, reusable, and shareable.  This provides for a powerful simulation environment for studying space-time dynamics, but more importantly, such simulations provide a means of analyzing “what-if” alternatives to aide the human analyst/decision maker, and a fast means of conveying domain-specific knowledge to decision-makers in time-critical situations.
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