
The Application ofQualitative Spatial Reasoning to GIS�(extended abstract)Brandon BennettDivision of Arti�cial IntelligenceSchool of Computer StudiesUniversity of Leeds, Leeds LS2 9JT, Englandbrandon@scs.leeds.ac.ukJuly 8, 1996IntroductionThis paper explores the application to GIS of formal representations and reasoning al-gorithms for manipulating qualitative spatial information. There are two main reasonswhy non-precise, qualitative information may be needed in a GIS. One sis that, in certaincases, only partial information may be available (e.g. we may know that one region is dis-connected from another without knowing the precise geometry of the regions). The otheris that general constraints holding among geographical objects are often most naturallystated in qualitative terms (e.g. we may wish to specify that a certain terrain-type mayonly be found a part of some particular type of region).The domain of qualitative concepts relevant to geographical information is extremelywide, so this paper focuses on topological relations, which are of fundamental importance.I start by considering the representation of these relations in formal logical languages,drawing on AI research in this area. I then survey that is known about the computationalcomplexity of reasoning with these representations. I describe a language capable of rep-resenting a signi�cant class of topological relationships and for which the consistency of aset of n relational facts can be computed in order n3 time. The second half of the paperis concerned with the exploitation of such a reasoning algorithm within a GIS. I describea prototype system which operates with both quantitative and qualitative data; and, inanswering queries, transparently combines these two kinds of information. Some practicaluses for this capability are discussed.Representation of Qualitative Spatial InformationRandell, Cui and Cohn (1992) have presented an axiomatic theory of spatial relations,known as the Region Connection Calculus (RCC), which is intended t provide a logicalframework for the incorporation of spatial reasoning into `intelligent' computer systems.This 1st-order theory based on a primitive connectedness relation C(x; y), is a modi�cationof earlier work by Clarke (1981). Randell et al. (1992) identify the set of eight topological�This work was supported by the EPSRC under grant GR/K65041.1



relations shown in �gure 1 as being of particular importance. The same set of relations hasindependently been identi�ed as signi�cant in the context of Geographical Information Sys-tems (Egenhofer and Franzosa 1991, Egenhofer 1991, Clementini, Sharma and Egenhofer1994). In English the relations can be described as: DisConnection, External Connection,Partial Overlap, Tangential Proper Part, Non-Tangential Proper Part and Equality. For-mal notations for these relations are given under the diagrams, (The part relations, beingasymmetric, have inverses denoted, R�1.)DC(A;B)A
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BFigure 1: Eight (disjoint and exhaustive) topological relations that can hold between two regions.Computational IssuesThe 1st-order representation of Randell et al. (1992) is very expressive but no algorithmis known that will determine the validity of entailments in this language in �nite time.However, exploiting the results of Tarski (1938), Bennett (1994) has shown how a signi�cantclass of spatial relations can be encoded in the 0-order intuitionistic logic (which is usuallyregarded as a `propositional' logic). Because this logic is decidable, the encoding providesa decision procedure for reasoning about these relations. By analysing the intuitionisticsequents which are needed to reason with Bennett's encoding of spatial relations, Nebel(1995) showed that consistency of certain sets of topological relations can be computed inpolynomial time. Recent re�nement of the method of Bennett (1994) has resulted in analgorithm whose time complexity is of order n3.(Some other complexity results, such as those of Grigni, Papadias and Papadimitriou(1995), will also be considered in the full paper.)ApplicationsThe n3 topological reasoning algorithm has been implemented as part of a larger `spatialAI' system being developed as part of EPSRC project GR/K65041 on `Logical Theories andDecision Procedures for Reasoning about Physical Systems'. The current system containsa database of geographical information in the form of geometrical polygon data and alsocontains qualitative data in the form of topological relations between named regions. Someof these named regions are identi�ed directly with polygons in the geometrical database,whereas for others the geometry is not precisely known but only constrained by the quali-tative topological relations. The topological relationships determined by the quantitativegeometrical data can also be rapidly computed and accessed by the topological reasoningmechanism, allowing queries to be addressed to the combined qualitative and quantitativedatabase. This capability is (as far as I know) not available in any other system. Work isalso underway to demonstrate the use of topological reasoning in the control of arti�cialagents operating in a virtual world constituted by geographical data.Figure 2 shows a screen-dump of the current prototype system. Most of the codeis written in (SICStus) Prolog but a Tcl/Tk sub-process is used to create the GUI. Thewindow at the top left shows a simple cartographical display, whose geometry is determined2



by a database giving the coordinates and terrain-type of a number of triangular regions.This data is shown in the bottom left window. The top right window presents a databaseof qualitative relations between regions. In the middle on the right is the Prolog top-level query window. All functions of the system can be accessed by typing commandsand queries at the Prolog prompt (although common operations are more convenientlyaccessed via the GUI). In the �gure the Prolog interpreter is being used for a queryingthe qualitative database. Such queries are answered by means of Bennett's consistencychecking algorithm which will determine whether a relation given as a query is consistentwith, inconsistent, with or a necessary consequence of the database. (The bottom rightwindow is one of a number of information screens which can be displayed via the system's`help' facility.)

Figure 2: The current prototype systemConclusionRecent complexity results indicate that the capability of tractable reasoning with qualita-tive information can be added to GIS systems. Acceptable performance cannot be achievedby general purpose logical proof systems but requires the construction of specialised rep-resentations and reasoning algorithms. Identi�cation of useful functionality which can beprovided by qualitative reasoning is the subject of ongoing work. It is hoped that exper-imentation with and development of the current prototype system will lead to practicalapplications. 3
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