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Abstract: Similarity relation is one of the spatial relations in the community of geographic information science and 
cartography. It is widely used in the retrieval of spatial databases, the recognition of spatial objects from images, and 
the description of spatial features on maps. However, little achievements have been made for it by far. In this paper, 
spatial similarity relation was put forward with the introduction of automated map generalization in the construction of 
multi-scale map databases; then the definition of spatial similarity relations was presented based on set theory, the 
concept of spatial similarity degree was given, and the characteristics of spatial similarity were discussed in detail, in-
cluding reflexivity, symmetry, non-transitivity, self-similarity in multi-scale spaces, and scale-dependence. Finally a 
classification system for spatial similarity relations in multi-scale map spaces was addressed. This research may be 
useful to automated map generalization, spatial similarity retrieval and spatial reasoning. 
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1 Introduction 
 
Multi-scale map databases are the fundamental contents 
in the national spatial data infrastructure (NSDI), which 
provides geographical spatial positioning bases for the 
society in the fields of politics, economy, military, en-
vironment protection, traffic and transportation, tele-
communication, etc. Nowadays, map databases of 
NSDIs in many nations are constructed using the 
method of "one database, multiple versions", i.e., maps 
at each scale are digitized and saved in separated map 
databases. The disadvantages of this method are obvious: 
1) repeated construction of databases leads to the re-
dundant data; 2) the consistency of the databases can not 
be ensured; 3) the renewal of the databases is not easy; 4) 
the transmission of the data through the Internet be-
comes difficult; and 5) the acquirement of an arbitrary 
scale map data is difficult (Wang, 1993). The ideal 
method for the construction of multi-scale map data-
bases is "one database, one version", i.e., only one larger 
scale map database is constructed for one region and the 
other smaller scale map databases are generated from 
the larger one by means of automated map generaliza-
tion. Nevertheless, employing "one database, one ver-

sion" method in the construction of NSDI is still a 
dream to cartographers, for many theoretical and tech-
nical problems in automated map generalization are not 
solved yet, due to the complexity of representation of 
geographic information on multi-scale maps and the 
uncertainty of traditional manual map generalization 
procedures, which leads to the difficulty of the com-
puter-acceptable formal description of map generaliza-
tion process. Automated quality assessment of general-
ized maps is one of the problems that have puzzled re-
searchers and cartographers and cumbered the realiza-
tion of automated map generalization for years.  

The quality of generalized maps was often assessed 
empirically by means of "comparing the similarity de-
gree between the original map and the resultant map" by 
cartographers and map inspectors in the time of manual 
map generalization. As different cartographers produce 
different maps using the same original map, the cartog-
raphers and inspectors need to determine whether the 
resultant map coincides with the one in their brains, i.e., 
they need to evaluate the similarity degree between the 
resultant map and an "imaginary" map. On the other 
hand, different maps can be also generated by different 
algorithms using the same map data in automated map 
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generalization. Hence, a question arises, no matter how 
the maps are generalized manually or by computers: 
"which one is the best?" This problem has not been 
solved yet, therefore the procedure of map quality as-
sessment in automated map generalization systems still 
relies on human beings manual work (Ruas, 2001), 
which hampers the automation of map producing proc-
ess and goes against the improvement of map data qual-
ity and the acceleration of map producing period. 

Automated map generalization process by computers, 
in essence, is the analog of human manual work. Hence, 
the objective of the quality assessment of digital maps 
by computers is to implement the automation of "com-
paring the original maps and the resultant maps and get 
their similarity degrees". Solving this problem depends 
on the definition, description, model and computation of 
spatial similarity relations in multi-scale map spaces. In 
other words, to automate the quality assessment process 
of map generalization, the theories of spatial similarity 
relations in multi-scale map spaces must be solved sys-
tematically.  

The significance of spatial similarity relations is far 
from only supporting multi-scale map databases, it is 
also useful to the theories of spatial relations (Tobler, 
1970; Miller, 2004; Goodchild, 2006) , spatial retrieval 
and analysis (Guo, 1997) , and spatial reasoning. 
 
2 Definitions and Characteristics of Spatial 
Similarity Relations  

 
Spatial similarity relation, as a subset of spatial relations 
(including topological, distance, direction, similarity and 
correlation relations), is the basic theory of Geo-Scien- 
ces (Goodchild, 2006; Egenhofer and Mark, 1995; Li, 
1997), but the research on it has only attracted the atten-
tion in the community of cartography and geographic 
information sciences in recent ten years. The achieve-
ments have been made on similarity expressions of lin-
ear and areal objects before and after simplification 
(Ramer, 1972; Imai and Iri, 1988), description and cal-
culation methods of spatial similarity relations (Ding, 
2004), directional similarity of spatial areal objects in 
raster spaces (Guo and Ding, 2004), representation and 
calculation of topological similarity of multi-scale spa-
tial objects (Lu and Wu, 2006), etc. Though so much 
work has been done, a definition for spatial similarity 
relation has not been presented by far, which is obvi-

ously not favorable to the establishment of theory and 
further research of spatial similarity relations. For this 
reason, a clear definition of spatial similarity relations is 
necessary indeed. 
 
2.1 Definitions of spatial similarity relations  
In essence, similarity means 1-1 correspondence of the 
properties of things (Zhou, 1993; Liang, 1999). In the 
light of the previous achievements (Li, 2000), the defi-
nition of spatial similarity relations may be discussed 
from the viewpoint of set theory. 

Definition 1: Suppose that A1 and A2 are two objects 
in the geographic space. Their property sets are C1 and 
C2, and C1≠Ф and C2≠Ф. If C1∩C2=C∩≠Ф, C∩ is called 
the spatial similarity relations of object A1 and object 
A2. 

Definition 2: Spatial similarity degree is a value be-
tween [0, 1]. It is used for evaluating the similarity rela-
tions of spatial objects.  

Spatial similarity degree is fuzzy and uneasy to cal-
culate precisely (Fan, 1992). 

According to the above two definitions, the following 
conclusions can be made: 

(1) The lager C∩, the larger the similarity degree of 
the two objects. 

(2) If C∩=Ф, the two objects has no similarity prop-
erty, therefore their spatial similarity degree is 0. 

(3) If C1=C2=C∩, the property sets of the two objects 
are wholly same, therefore their spatial similarity degree 
is 1. 

The definition of spatial similarity relations among k 
(k≥2) spatial objects may be given, if the Definition 1 is 
extended.  

Definition 3: Suppose that A1, A2, …, Ak are k objects 
in the geographic space. Their property sets are C1, 
C2, …, Ck, and Ci ≠Ф (i=1, 2, …, k). If C1∩C2… ∩Ck= 
C∩ ≠Ф, C∩ is called the spatial similarity relations of 
objects A1, A2, …, Ak. 

Definition 1 and Definition 3 are for spatial similarity 
relations of objects in a single scale space. An extension 
of them may induce the definition of spatial similarity 
relations of an individual object in multi-scale map 
spaces.   

Definition 4: Suppose that A is an object in the geo-
graphic space. It is symbolized as A1, A2, …, Ak sepa-
rately on the maps at scales S1, S2, …, Sk. The property 
sets of Ai (i=1, 2, …, k) are C1, C2, …, Ck, and Ci ≠Ф (i= 
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1, 2, …, k). If C1∩C2… ∩Ck=C∩≠Ф, C∩ is called the 
spatial similarity relations of the multiple representa-
tions of object A in multi-scale map spaces.  
 
2.2 Characteristics of spatial similarity relations 
Spatial similarity relations own at least the following 
five characteristics. They will be discussed here using 
the definitions given in section 2.1. 

(1) Reflexivity. Any object has similarity relations 
with itself. 

(2) Symmetry. If object A has similarity relations 
with object B, object B must have similarity relations 
with object A.  

(3) Non-transitivity. The conclusion that object A has 
similarity relations with object C can not be made, even 
if object A has similarity relations with object B, and 
object B has similarity relations with object C. 

An example of non-transitivity of similarity relations 
is given in Fig. 1. In Fig. 1, if take {shape, land type} as 
the properties for detecting similarity relations, the 
property set of (a), (b), and (c) are Ca={rectangle, set-
tlement}, Cb={rectangle, vegetable land}, and Cc={ir-
regular polygon, vegetable land}. Ca∩Cb={rectangle} 
denotes that the objects in (a) and (b) have similarity 
relations; Cb∩Cc={vegetable land} denotes that the ob-
jects in (b) and (c) have similarity relations; but the con-
clusion that the objects in (a) and (c) have similarity 
relations can not be made, for Ca∩Cc=Ф. 

 

 
 

Fig. 1 An example of non-transitivity of similarity relations 
 

(4) Self-similarity at multi-scales. An object can be 
expressed as different patterns and symbols on maps at 
different scales, but they have spatial similarity rela-
tions.  

(5) Scale-dependence of self-similarity degree at 
multi-scales. The value of spatial similarity degree of an 
object on maps at different scales is scale-dependent. 
The greater of the scale span between two maps, the less 
the similarity degree is.  

The examples for characteristics (4) and (5) are 
shown in Fig. 2, Fig. 3 and Fig. 4. Both a linear object 
and an areal object can be represented using different 
symbols on maps at different scales (Fig. 2 and Fig. 3). 

They have spatial similarity relations, and their similar-
ity degree changes with the change of map scale. The 
point feature can be represented using different point 
clusters on maps at different scales (Fig. 4). They also 
have spatial similarity relations, taking patterns, topo-
logical relations, and semantics as their property sets, 
and their spatial similarity degree changes with the 
change of map scale. 

 

 
 

Fig. 2 Representations of a linear object on maps at different scales 

 

 
 

Fig. 3 Representations of an areal object on maps at different scales 

 

 
 

Fig. 4 Representations of point feature on maps at different scales 
 

3 Classification of Spatial Similarity Relations 
 
Generally, two rules must be obeyed in all classifica-
tions, i.e., completeness and exclusiveness. Complete-
ness means that the union of all subsets of the 
sub-categories equals to the whole set, while exclusive-
ness means that the intersection of every two subsets is 
empty. To meet the demands of the two rules, appropri-
ate criteria must be specified for the purpose of classifi-
cation. Different criteria make different classification 
systems. 

In the light of the definitions of spatial similarity rela-
tions in section 2.1, it sounds natural to classify spatial 



                  Fundamental Theories of Spatial Similarity Relations in Multi-scale Map Spaces   21

similarity relations by the scales of researched objects: 
Whether the objects are at same scale or different scales. 
The former is called horizontal similarity relations and 
the latter is called perpendicular similarity relations (Fig. 
5). A typical application of horizontal similarity rela-
tions is spatial similarity retrieval. This paper focuses on 
perpendicular similarity relations.     

 

 
 

Fig. 5 A scale-based classification system for 
spatial similarity relations 

 
As far as perpendicular similarity relation is con-

cerned, the geometric graphics and attributes should be 
selected as classification criteria, for both of them are 
most important in the representation of spatial objects. 
Further, for a single object, its geometric properties in-
clude dimension, size, shape, length, area, etc. and for 
group objects, their geometric properties include topol-
ogy, distance, direction and correlation. As to attribute 
properties, semantics and time (i.e. temporal aspects of 
spatial data) should be taken into consideration. There-
fore, a framework of the classification system for spatial 
similarity relations in multi-scale map spaces may be 
given according to this thought (Fig. 6). 

Based on the classification system shown in Fig. 6, 
spatial similarity relations may be discussed at the level 
of properties. For example, Fig. 1a and Fig. 1b have 
similarity relations in dimension, size, shape, and area, 
while Fig. 1b and Fig. 1c have similarity relations in 
semantics. The objects at four scales in Fig. 2 are similar 
in dimension, shape, and semantics, so are the objects in 
Fig. 3. As to the three point clusters at different scales, 
they are similar in topology, distance, direction, and 
semantics (Fig. 4).  

The geometric properties and attribute properties of 
the classification system in Fig. 6 do not crown all of 

 
 

Fig. 6 A classification system for spatial similarity 
 relations in multi-scale map spaces 

 
them. It just provides an idea for the classification and 
presents a classification framework. The properties in 
the classification system may be added and deleted ac-
cording to practical applications. 
 
4 Conclusions 
 
Spatial similarity relation in multi-scale map spaces is a 
fundamental issue in the community of cartography and 
geographic information sciences at the level of theory 
and applications, which is significant to the construction 
of multi-scale map databases, spatial retrieval and 
analysis, and spatial reasoning. This paper presented its 
definition by means of set theory, and discussed the 
characteristics of spatial similarity relations in detail, 
and addressed its classification system at the level of 
properties. 

Indeed, the theory of spatial similarity relation in 
multi-scale map spaces is a new task arising in auto-
mated map generalization, and little achievement has 
been made. Some problems, such as the factors that af-
fect the judgment of spatial similarity relations, the for-
mal description models and calculation methods of spa-
tial similarity relations in multi-scale map spaces, are 
complicated and difficult to solve. This paper only puts 
emphasis on some fundamental problems of it, and aims 
at providing a theoretical foundation to the further re-
search on the models and calculation methods of spatial 
similarity relations in multi-scale map spaces.   
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