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Abstract: Integration and generalization of thematic database are currently hot topics in database application. At first, this paper discusses the methodology and process of integrating local (cities and counties) thematic databases established separately into one integrated database with seamless connection, semantic identity and scientific classification. Secondly, it puts forward supporting data model and analysis model for semantic adjacency. And then it gives database generalizing rules and restricted factor system, as well as operators and process. Constraints in categorical database generalization include geo-spatial model constraints, objects constraints and relation constraints. Finally, it takes 85 local databases of agriculture land classification in Hubei province as an example to implement database integration and generalization from 1:50000 to 1:500000.
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1. Introduction
Database generalization can be considered as the transformation of the content of a spatial database from high resolution to a lower resolution terrain representation (Molenaar 1996). This study mainly focuses on categorical database generalization in GIS and intends to provide a method to perform meaningful generalization procedures. 

From the middle of 1990’s to the present, the research of map generalization achieves a lot in the following aspects: developing several complex operators, such as displacement, merging and amalgamation, interrelationship between operators (Ruas 1997; Mackanness 1995). Constraints and supporting data structure in map generalization are also discussed in late 1990’s (Weibel and Dutton 1998; Ruas 1998, 1999; G.L. Bundy, C.B. Jones and E. Furse 1995; P.van, Oosterom 1995, 1998; Liu and Molenaar 1999, 2001; Ai and Liu 2002, et al.). Model-oriented generalization and database generalization has been paid more and more attention (Muller 1991, 1995; Peng 1996, 1997, Liu 2002, 2003 et al). But the generalizing rules, supporting data model, semantic analysis model, operators and model-oriented generalizing process in categorical database generalization are still lack. 

This paper discusses the integration and generalization of large thematic database, the agriculture land classification database of Hubei province, P. R. china, is taken as a case study. Agriculture land classification evaluates the quality of agriculture land in each county based on several important land factors, such as Soil texture, organic content, Slope, PH, etc. There are 85 local databases (scale 1:50000), these are to be integrated and generalized into one (scale 1:500000). The databases include many thematic attributes, such as land factors, land use type, grade and grading score, etc. this paper is organized as following: First, this paper discusses the methodology and process of integration of local thematic databases. Then gives database generalizing rules and constraints, supporting data structure and semantic analysis model, operations. Finally takes agriculture land classification database generalization as a case study.

2. Categorical Database Integration
When there are many original local databases, the first step of database generalization is to integrate these detail databases into one database with seamless connection, semantic identity and scientific classification. Usually, the fowling is to do: Spatial adjustment of original databases, process of thematic coincidence and reclassification.

2.1 Spatial adjustment of original databases

a. Database files format

Original local databases may be organized in different file formats used by different GIS software, such as ArcGIS, MapInfo, MapGIS, etc. All databases should be transferred into uniform format so that next operations can be taken. For local agriculture land databases of Hubei province, there are fowling file formats: Cover (ArcGIS), Shape file (Arcview) and MapGIS format. 

b. Coordinate transform

Coordinate transform is necessary because local databases maybe are in different coordinate systems or different projection zones. Before generalization, all local databases should be transformed into a unique coordinate system. For agriculture classification database of Hubei province, all local databases are in Guass-Kruger projection system, but they distribute in two projection zones, the No. 19 and No. 20. The object of generalization of agriculture classification databases is to build a database for the whole province sight, which should be in conic projection. So, for map join or generalization, all local databases should be transformed into geographical coordinate system or the same projected coordinate system.

c. Map join

The databases those are spatial adjoining maybe have conflicting borders, because they are built based on different maps, by different organizations, or in different precision, etc.. Map join includes spatial join, attribute join.

2.2 Process of thematic coincidence

Local databases should be in thematic coincidence. That mean they should have same layers and same attribute items. The process include:

a. Build coincident semantic classification system.

b. Ensure each local database has same coverage definition.

c. Make sure that each local databases has the same attribute definition, including the number of attributes, attribute name, attribute type, etc..

d. Make the same domain for each attribute.

e. Make the same value of attribute, especially character attribute, has the same meaning.

3. Categorical Database Generalization
3.1 Basic Process

The process of database generalization can be considered as the process of abstraction from the source database to the target database with the intention of reducing detail in the contents of the database. This abstraction may include three aspects (Liu, 2002):

(1) Data model abstraction: simplifying a geo-spatial model, emphasizing significant object types, suppressing immaterial object types and semantic information. There are four types of important abstraction: classification, association, generalization, and aggregation. 

(2) Object abstraction: reducing object resolution (including thematic and geometric resolution) through aggregating objects violated by the constraints based on defined geo-spatial model, characteristics of objects and relations among objects.

(3) Relation abstraction: according to the similarity existing between spatial relation pairs. When the data model associated with a database is simplified and object resolution is reduced, the discernable degree of spatial relation in the database should also be reduced. The relation between two objects may disappear after transformation.

3.2 Rules and constraints

In the context of database generalization, constraints can be defined as a set of specifications or conditions of a geo-spatial model, geometric and thematic characteristics of objects, and relationships among objects in a target (or generalized) database. This set of specifications or rules governs or guides the process of database generalization transformation. They specify the nature of a database to be produced or to be generalized. There are three classes of constraints, geo-spatial model constraints, object constraints, and relation constraints (Liu, 2002). 

(1) Constraints on a geo-spatial model define the new classification hierarchy and aggregation hierarchy associated with a target categorical database. Geo-spatial model constraints deal with the preservation of the logical context of objects and degree of detail. 

(2) Constraints on objects specify the requirements of the geometric and thematic properties of the objects in the target database. 

(3) Constraints on relationships ensure important existing relationships of connectivity, adjacency and containment between objects and between object types are maintained. Maintaining important relationships in the attribute domain is equally necessary.

3.3 Supporting analysis Model
Database generalization not only depends on the geometric and thematic properties of spatial objects, but also the spatial relations and thematic relations among neighboring objects. It needs to be supported be powerful data model or analysis models. Here we mainly discuss supporting data model and semantic similarity analysis model.

(1) Supporting data model

a. CDT 

A Delaunay triangulation is generally defined as a triangulation W ( N, E, T ) of a set of points N with the empty circle property, that is, the circumcircle of any of its triangles t
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N (Preparata and shamos, 1985). Here E is the set of all the triangles edges in the Delaunay triangulation. A constrained Delaunay triangulation (CDT) W (N, E, T, Ec) is an extension of the standard Delaunay triangulation which allows pre-described, non-intersection line segments (except at their endpoints) Ec (
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E) to be forced in as part of the triangulation. Triangles containing any of such pre-described edges may not necessarily be Delaunay triangles. An important property of the CDT is the adjacent relationship between two points connected by a Delaunay edge. For categorical database generalization, constrained Delaunay triangulation is very useful to analyze and measure local spatial relationship but not to organize the whole data set since a simple area object will consist of a lot of triangles that will lead to redundant data too much and also difficulty with semantic analysis among objects. 

b. Extended FDS

Formal data schema for single valued vector maps (Molenaar 1991, 1998) is an object-oriented topological (conceptual) data model, which combines aspects of object-oriented and topologic data model. Point, line and area objects are represented with their geometric and thematic aspects. Their geometric representation contains information about topologic object relationships, whereas their thematic description is structured in object classes that may form generalization hierarchies. Such class hierarchies in combination with the topologic object relationships of FDS support the definition of aggregation hierarchies of objects. These classification and aggregation hierarchies play an important role in linking the definition of spatial objects at several scale levels (Molenaar, 1996; Peng, 1997; Peng and Tempfli, 1996; Richardson, 1993;  Smaalen, 1996). 

In the real world, the concept of adjacent may also include the adjacency relationship between those area objects that are geometrically disconnected from each other, as well as the adjacency relationship between line objects, between point objects, and moreover, the adjacency relationship between objects of different geometric description types. FDS can not support these kinds of adjacent and inclusion relation. In order to make full use of advantages of FDS and CDT, the advantage of FDS and CDT are combined into developing a data model which is dynamic integration of FDS and CDT in database generalization transformation process (see Fig.1).
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Fig.1 Data model for database generalization (modified from Molenaar, 1989)

(2) Semantic similarity analysis model

The contents of categorical database are always closely related with a taxonomic system. For example, soil database with soil taxonomy system and land use database with land use taxonomic system etc. Whether the two adjacent objects or an adjacent group of objects can be merged or aggregated depends on if the attributes of the two objects are same or similar or not. If the attributes of them are same or similar or higher than the threshold, they can be merged or aggregated. Otherwise not. The closeness or similar among objects and object types can be described by the similarity. The similarity is application-dependent. Classification and aggregation hierarchy are an ordered structure. These hierarchies can reflect the similarity between object types at the same level and at the different levels. In a sense, the similarity will control and guide database transformation operations.
Using set theory, Tversky (1977) defined a similarity measure in terms of matching process based on the normalization of Tversky’s model and set-theory. This measure produces a similarity value that is not only the result of the common, but also the result of the different characteristics between objects, which is in agreement to an information theory definition of similarity (Lin,D 1998).
A natural approach to comparing the degree of similarity between object types is to determine the distance from these object types to the immediate super object types that subsumes them, that is, their least upper bound in a partially ordered set (Birkhooff,G, 1967). A computational model that assesses similarity among objects and object types based on some definitions, concepts and hierarchical structure. The similarity model for categorical database is proposed in equation (1). It suits for two cases. One is for two given objects or object types belonging to the same sub tree and the other is for two given objects or objects belonging to different sub tree. For the first case, the model uses two types of distances to define the common and difference properties between the given objects or object types. One is the distance between given objects or object types and immediate super object types that subsumes them which reflects difference properties between two given objects, or object types and the other is the distance between immediate super object types that subsumes two given objects or object types and the top of hierarchical structure which reflects the common properties of two given object or object types. For second case, the distance between immediate super object types that subsumes two given objects or object types and the top of hierarchical structure will be zero since the two given objects or object types belong to different sub tree. So this distance will be replaced by the correlation value between two sub trees in the equation.
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Where
l: the shortest distance (number of the link edge ) from immediate super object type that subsumes ci and cj to the top of a hierarchy;

dci : the shortest distance (number of the link edges) from immediate super object type that subsumes ci and cj to ci;

dcj: the shortest distance (number of the link edges) from immediate super object type that subsumes ci and cj to cj;

α: a function of the distance (number of the link edge ) between the object types (ci and cj ) and the top of a hierarchy.

β: correlation degree among different sub-trees (A or B in figure ), such as similarity among agriculture land use, forest land use and building up land use, and its value can be given by experts based on application requirement.

The α (ci, cj) can be expressed as a function of the distance of the dci and dcj. In order to final values of α , the function (equation (2 )) is defined as following:
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where:

dci : the shortest distance (number of the link edges) from immediate super object type that subsumes ci and cj to ci;

dcj : the shortest distance (number of the link edges) from immediate super object type that subsumes ci and cj to cj;

This similarity function yields values between 0 and 1. The extreme value 1 represents the case when everything is common between two entity classes, whereas the value 0 occurs when everything is different between two entity classes.
4. Case study

4.1 Database of Agricultural land classification

Here we take the databases of agricultural land classification in Hubei province, P.R.China, as an example to implement thematic database integration and generalization. Each county in Hubei province has completed classification of agricultural land and build its database in GIS. We total have 85 local county databases (scale 1:50000). Now we need to get the database of the whole province, in scale 1:500000. Agricultural land databases are thematic GIS databases, which consist of vast spatial objects and many thematic attributes, such as land factors, land use type, grade and grading score, etc.

4.2 Integration 

The aim of local databases integration is to gain one integrated agriculture land classification database with seamless connection, semantic identity and scientific classification. The operations of Integration are shown in Fig.2.
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Fig. 2 The operations of the integration of agriculture land classification databases

4.3 Aggregation

(1) Constraints

Constraints in database generalization of agriculture land classification list as fowling:

1) Constraints on database model

. Scale and precision
. New classification hierarchy of land utilization

. Aggregation hierarchy (Administrative division merge)

. Merge of agriculture land classes

. Spatial trend of agriculture land classes

. Weightiness of thematic attributes

2) Constraints on objects

. Graphical type of spatial objects

. Weightiness of spatial objects

. Attributes of the units of agriculture land classification

. Operations of generalization (selection of objects, aggregation and amalgamation of polygons, simplification of lines)

3) Constraints on relations

. Constraints of topology

. Spatial contrast of characters of objects

. Spatial contrast of important thematic attributes

(2) Semantic similarity computation

The polygons to be aggregated or amalgamated are to be merged to those “nearest” polygons. In agriculture land classification database, adjacency among polygons consists of semantic similarity and geometric neighborhood. Semantic similarity includes two aspects, one is the similarity among land use types, and the other is among land grades. The former is prior to the later, because for a piece of land, land use type is the first to be expressed, and then the land class. The similarity among land use types is evaluated using the model in 3.3. The classification hierarchy of land use types is shown in Fig.3. 
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Fig.3 Land use classification hierarchy

 (3) process and result of generalization

The database of agriculture land classification is organized following the concept of FDS in thematic and geometric aspects, and then the data are processed to meet the requirement of triangulation network in order to analyze the spatial relations and detect conflicted objects. 

First, we determine the level in land utilization classification hierarchy and administration aggregation hierarchy to be maintained in the new database, and detect thematic conflicting objects. These objects are aggregated with the object that has the same object type at next higher level (see Fig. 4). 
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Fig. 4 Aggregation of thematic conflicting objects

Second, unimportant small objects or their area is less than area threshold are detected. For a conflicted object, the adjacent object(s) will be found using triangulation network, then the semantic similarity among these objects is evaluated. The conflicted objects with high adjacency and similarity will be aggregated (Fig.5). The small object with no adjacent and semantic similar objects will be amalgamated to the object that contains or adjoins it (Fig.6).
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After aggregation and amalgamation of polygons, simplify the line features and the boundaries of polygons (Fig.7). Part of the generalization result of agriculture land classification database is shown in Fig.8.
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Fig.8 Before and after generalization (part of agriculture land classification database)

5. Conclusions
This paper proposes the methodology and process of integration and generalization of categorical GIS database. In this paper, we put forward supporting data model, semantic adjacency analysis model, rules and constraints in database generalization. We take the GIS databases of agriculture land classification, Hubei province, as a case study, and implement successfully integration and generalization of the databases. In the future, we will make this process system more efficient and perfect, and develop integrate software.
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Fig.5 Aggregation of polygon objects





Fig.6 Amalgamation of polygon objects








Fig. 7 Simplification of boundaries
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