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Fig. 1 Partitioning of Spatial Direction
Formed Around the Reference Object A
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Fig. 2 Description of Direction Relations

Between Areal Object Groups
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Tab.1 Distances Between the Basic Directional Tiles

Dist N NE E SE S Sw W NW O
N 0 1 2 3 2 3 2 1 1
NE 1 0 1 2 3 4 3 2 2
E 2 1 0 1 2 3 2 3 1
SE 3 2 1 0 1 2 3 4 2
S 2 3 2 1 0 1 2 3 1
SwW 3 4 3 2 1 0 1 2 2
w 2 3 2 3 2 1 0 1 1
NwW 1 2 3 4 3 2 1 0 2
O 1 2 1 2 1 2 1 2 0
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Tab. 2 Improved Distances Between the Basic

Directional Tiles

Dist N NE E SE S SwW W NW O
N 0 1 2 3 4 3 2 1 1
NE 1 0 1 2 3 1 3 2 2
E 2 1 0 1 2 3 4 3 1
SE 3 2 1 0 1 2 3 4 2
S 4 3 2 1 0 1 2 3 1
SwW 3 4 3 2 1 0 1 2 2
w 2 3 4 3 2 1 0 1 1
Nw 1 2 3 4 3 2 1 0 2
(0] 1 2 1 2 1 2 1 2 0
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Fig. 5 Scenes of the Cognitive Experiment and the Corresponding Similarity Values for Direction Relations
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Tab. 3 Statistic Results of Questionnaire
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Visualization Representation of Similarity Values for Direction Relations
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Fig. 7 Checking of Directional Inconsistency in

Multi-scale Spatial Data
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An Improved Model for Calculating the Similarity of Spatial Direction

Relations Between Areal Objects
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Abstract: As an important aspect of spatial relation similarity, directional similarity is widely used in

pattern recognition, spatial query, spatial data match, quality assess of cartographic generalization

and consistency checking of multi-resolution spatial data. Therefore, calculation of directional similar-

ity is necessary. Now,the influential calculating model of directional similarity is proposed by Goyal,
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ly used in project fields. However, the accuracy of Kalman filter for discrete dynamic system is poor
when the observation matrix is ill-conditioned. Therefore, the method for overcoming the harmful
effect caused by ill-conditioned observation matrix in discrete dynamic system is studied in this paper.
The causes of the ill-conditioned observation matrix and its effect on Kalman filter are analyzed. Bi-
ased Kalman filter and its algorithm are proposed by combining the biased estimation and Kalman fil-
ter in the sense of mean square error (MSE). The methods of choosing biased parameter in the new
algorithm is proposed. By separately exerting some disturbance on the observation matrix and obser-
vation vector, two simulations are carried out. The experimental results show that the traditional Kal-
man filter is inaccurate when the observation matrix is ill-conditioned, and the biased Kalman filter is
more accurate than the traditional one in terms of MSE,
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which based on the direction-relation matrixand derive the similarity value by calculating the least cost
for transforming one direction-relation matrix into another. However, the current model is complex
and the calculating result is inconsistent with the recognition of people. To overcome the limitations of
the model given by Goyal, an improved model for calculating the similarity of spatial direction rela-
tions between areal objects is proposed. The new model improves the model given by Goyal in three
ways: Firstly, the direction-relation matrix model for calculating the spatial direction relations be-
tween simple areal objects is extended to accommodate the calculation of the spatial direction relations
between areal object groups. Secondly, the definition of direction relation distance between single-ele-
ment direction-relation matrices is improved according to cognitive knowledge of direction relation
difference. Finally, a new method based on the minimum element to calculate the distance between
two multi-element direction-relation matrices is presented, which simplifies the process of calculation.
Two experiments are performed to validate the effectiveness of the proposed model. One experiment is
recognition experiment by comparing the calculating results with the recognition results. The second
experiment is an application experiment of the improved model. Experiments illustrate that the simi-
larity result between two spatial direction relations calculated by the proposed model is consistent with
the human recognition of directional relation differences. It is simple and feasible for applications.

Key words: spatial similarity; direction-relation matrix; similarity of spatial direction relations; spatial

cognition
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