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Abstract 

Hand drawn sketch maps are powerful tools for documenting, communicating, and analysing 
spatial situations. In community based projects such as water resource management (by Water 
Aid International) and land resource management (Namati.org), sketch maps have proven to be 
an invaluable tool for facilitating the community’s common understanding of their natural 
resources and the proper planning of their use. The use of sketch maps in such applications is 
however made difficult by the lack of integration of sketch based input in geospatial information 
systems. But integrating sketching into geospatial systems is a challenging task. Unlike traditional 
cartographic maps, sketch maps do not conform to standard models of geospatial information: a 
sketch map is a distorted, schematized, and simplified representation of the sketcher’s 
understanding of a given spatial scene.  Solving this challenge thus requires finding models for 
representing both maps in a way that brings out the commonalities as expected by a human 
sketcher and designing algorithms that can match geographic features in the sketch map with the 
intended features in the metric map. We call the latter task sketch-to-metric map alignment. 

This thesis details a system for sketch-to-metric map alignment using qualitative spatial 
representations of the maps involved. A qualitative spatial representation is a description of some 
aspect(s) of a spatial configuration using only categorical relations such as adjacent or left-of. We 
identify cognitively plausible sets of spatial relations that are sufficiently constrained to support 
the goal of the alignment. Such representations must make all the necessary distinctions required 
to recognize the correspondences being sought and yet not be so constrained as to disqualify 
many potential solutions from consideration. We designed several spatial representations that 
minimize the distortion effect of sketch maps with a focus on line segments embedded in 
networks such as street or river networks. The main contribution was the development of a new 
system of spatial relations, the ULSTRA calculus, for describing such line segments configurations. 
When applied to sketch-to-metric map alignment the ULSTRA calculi led to better performance 
of the algorithms used for alignment as compared to other sets of relations for line segment 
representation. 

A qualitative representation of a map consists of a set of so called qualitative constraint networks 
(QCN) which are graphs with nodes representing the features in the map and edges labeled with 
the spatial relations between the features. The alignment is thus modeled as a graph matching 
problem. We have formalized the matching problem for QCNs and developed a metaheuristic 
approach for solving it. The metaheuristic relies on a pair of heuristic evaluations to choose 
solutions. The two heuristic evaluations can be seen as a prior estimate of the value of a potential 
solution and a posterior update upon choosing that solution. The posterior update indicates 
whether the prior estimate may have been overly optimistic. To efficiently compute these 
heuristics a novel apparatus called the system of local compatibility matrices (LCM) has been 



introduced. The LCMs are used in conjunction with another novel data structure the indicator-set 
array to efficiently maintain the full information of the search state.  

In our evaluations, our representations and algorithms were a significant improvement on results 
from previous work. The matching algorithm was faster by a ratio of about 1:3600 than the 
alternative approach. In addition, our algorithm was able to find solutions that were on average 
within 93% of the optimal solution and was able to find the optimal solution for all real test cases. 
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