
Rotation Invariant Template MathingKimmo FredrikssonDepartment of Computer SieneP.O. Box 26, FIN-00014 University of Helsinki, FinlandKimmo.Fredriksson�s.Helsinki.FIhttp://www.s.Helsinki.FI/Kimmo.Fredriksson/PhD Thesis, Series of Publiations A, Report A-2001-3Helsinki, November 2001, 139 pagesISSN 1238-8645, ISBN 952-10-0009-0AbstratIn rotation invariant template mathing one wants to �nd �nding fromthe given input image the loations that are similar to the given pat-tern template, so that the pattern may have any orientation. Templatemathing is an old but important problem in omputer vision and pat-tern reognition, and thus there have also been many attempts to solveit. Most of the most suessful solutions so far ome from the signalproessing ommunity, based on fast omputation of ross orrelationor orrelation oeÆient. The existing ombinatorial approahes haveignored the template rotations. This thesis �lls in this gap by pre-senting the �rst rotation invariant ombinatorial template mathingalgorithms.The thesis begins by giving the de�nition, from the ombinatorialpoint of view, of a rotated approximate ourrene of a pattern tem-plate in an image. The auray of the approximation an be mea-sured by several di�erent distane funtions. The onsequenes of thisde�nition to the problem omplexity are then analyzed.We present several algorithms for solving the problem. There is atrade{o� of omplexity, eÆieny and generality between the algo-rithms. The simplest one of the algorithms is also the most generalone, in terms of distane funtions allowed. It evaluates the distanebetween the pattern and all image positions and pattern rotations ini
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an optimal time. The subsequent algorithms assume that there is aertain limit (threshold) to the maximum allowed distane betweenthe pattern and the image. We give several di�erent algorithms forthis thresholded mathing, varying in omplexity and generality. Forthe exat mathing we give also an algorithm that is optimal on theexpeted ase.We onsider also indexing. The image is preproessed to build an indexstruture that an be used for fast queries of the pattern ourrenes.Finally, we ompare the performane of our algorithms against thetraditional FFT{based orrelation approah. It turns oout that thenew methods an be orders of magnitude faster for the thresholdedmathing. Preliminary results of a biologial appliation are reported.Computing Reviews (1998) Categories and Subjet Desrip-tors:E.1 Data Strutures|treesF.2.2 Analysis of Algorithms and Problem Complexity: Nonnumer-ial Algorithms and Problems|pattern mathing, sorting andsearhing, geometrial problems and omputationsH.3.1 Information Storage and Retrieval: Content Analysis and In-dexingH.3.3 Information Storage and Retrieval: Information Searh andRetrievalGeneral Terms:Algorithms, TheoryAdditional Key Words and Phrases:Template mathing, rotation invariane, indexing
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