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Abstract – The objective of this research is to get that the public administrations are able to have applications of Geographic Information Systems (GIS). To be able to set up and to use a server so that it is the only one that has to carry out the editions and the spatial analysis trough the georeferenced data. This way the public administrations fulfill the Open Geospatial Consortium (OGC) standards and deal with the interoperability. Besides that, the economic cost of the GIS is strongly decreased by using open source software and working with a client-server structure where the clients are "thin" and the only one that has all the software is the main server. 
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1.- Introduction.
The two problems found when working with GIS in an architecture client-server are: functionality GIS (analysis, topology, manipulation…) should be implemented completely in the server, and the communication of the geographic data between client and server should be standardized to achieve the interoperability [15].
The second of these problems is being verified and evaluated by several investigators, Two kinds of computer graphics, raster and vector, for it server of cartography use verified by [2] and [5] and that although at the moment of their creation was not defined the protocols, these server has been adapted to fulfil the specifications of the OGC. 
The WMS protocol of the OGC has been evaluated, among others by [1] in its doctoral thesis where it experiences the interchange of images to raster between several platforms with different operating systems and evaluates the operation of practical form of this protocol. 
The WFS protocol also has been verified by means of a doctoral thesis by [4] and this one solves the problem that presents WMS, since it does not allow the manipulation of vector images, the administrations need to work with this information, therefore if this protocol is not used we will not be able to conduct operations of analysis and edition of the information used by a city council. 
At the present time although clients with total functionality do not exist yet, they are being developed to interesting proposals like uDig [16] and ArcGis [17] that is sending to the market version following these protocols.
The first of the problems is the one we are going to approach in this investigation, since although it is advanced in the development of the second created problem, the goal to obtain a thin client SIG is not considering in these developments and all the clients need to make the functionalities from their machines. In this work we are going to solve the first created problem using the standards of the OGC. For it we are going to support in the specification SFS [6] and in a space data base [13] (PostgreSQL/PostGIS).
With the contribution of this investigation we totally want to guarantee the interoperability. It allows the possibility of developing thin clients (page Web) which independently use a server with all the functionality of a SIG of the operating system or the platform of each one of them. 
The commercial producers of GIS, are adapting their products to the published standards by the OGC, but up to date none of them fulfills the interoperability: or they offer closed architectures client-server (noninteroperable) or implement all the functionality of SIG in the client (heavy clients).
2.-Investigation phases

The phases that have been carried out in this subject of investigation are the following ones: 

1. - To evaluate the use of the standard of the OGC, SFS to study the capacity of PostGIS when making analysis SIG. 

2. - Development of rules of topology and directives to consider in the preparation of the data modelling of the local administration. 

3. - To implement solutions to the operations of analysis of PostGIS, or because they do not do what we need or because when they do they run out the resources of the system. 

3.-Solutions

The first solution that it is standed is about the adaptation of the data model following the specifications of the OpenGIS SFSQL 

a.- To use a geometry field according to SFSQL.

b.- To upgrade the metadata table of the SFS so that the interoperability is guaranteed   



SPATIAL_REF_SYS       GEOMETRY_COLUMNS

c.- To use the method OGC AddGeometryColumn or in their defect to add the geometry column to the previous tables and to create the restrictions.  

d.- To establish the spatial relationships among the different tables. (REFERENCIAL INTEGRITY)

Several routines with different languages have been developed (PLPGSQL, C (SPI)) in order to create: 
a) Two topologic tables of neighbourhood (intersection and adjacency).
b) Inclusion automated in the scheme of the tables, the area and the perimeter of the geometric organizations. 
c) Two tables using groups of polygons that form “geometric islands” based on section a). 
d) Two tables using groups of polygons that form “islands of attributes” based on section a). 
e) Two tables storing the continuity of arcs. A table with the arcs that connect from the beginning and another table with the arcs that connects to the end. 
A metadata table of topology has been created with all these topologies.
All the programming has been made leaning in the use of triggers SQL, since without using them we would have to generate the topology table again so many times as modifications, erasures or addictions of registries we made. Implementing triggers SQL solely actions are made on the implied elements. Another problem found when neither a topology arc-node nor a variable precision is used is the lack of adjustment between the real model (nonadjacent polygons) and the possible creation of slivers polygons when operations of analysis are made. For it, the source code of PostGIS has been modified and in particular the functions that accede to GEOS Library, to use the model of fixed precision, with which the organizations adjust a predefined grid in a beforehand way.

As the algebra used by commandos SQL is the cartesian product, the SQL spatial statements that handle a considerable number of organizations, they can end at which the process is non-viable. The space predicates defined by SFS are always used and the answer of the system has improved adding the space indexing to each one of the tables.

.
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Analysis operations

PostGIS verifies OGC specification [7] called SFS ‘Simple Features for SQL’ [6], that’s the document where the spatial predicates and operators are described. Spatial predicates are functions which compare two spatial objects and return a Boolean true/false result indicating the existence (or absence) of a particular spatial relationship.  Some examples of spatial predicates are Contains(), Intersects(), Touches(), and Crosses().  The spatial operators take two geometries and return a new derived geometric result.  Examples of the operators include Difference(), Union(), Buffer() and Intersection().  The current SFS version is the 1.2, and it is based on SQL92, therefore object-relational concepts (that are integrated on SQL99) are not included.  However PostgreSQL would be able to work with them, as it is an object-relational database.
The geometries are stored on PostGIS tables, which contain the same kind of geometry. No table can contain a record with a POLYGON entity and another record with a MULTIPOLYGON entity. In order to implement the operators and the spatial predicates PostGIS uses GEOS library [3]. The GEOS library is an implementation of the OGC ‘Simple Features Specification’ (SF) [10], in particular the functions described in the SFS. The source license of JTS is LGPL.
Prior to begin the spatial analysis from the proposed example in this article, it would be useful to test the way spatial operators implemented with JTS behave. For it, the software JTS Test Builder [18] has been used. In this example, only the ‘intersection (A, B)’ spatial operator is used. This operator returns the intersection between A and B geometries. In order to simplify the example, A and B will be considered as POLYGONS.

Case 1:


Geometry A: POLYGON ((1 0,1 3,4 3,4 0,3 0,3 2,2 2,2 0,1 0))


Geometry B: POLYGON ((0 1,5 1, 5 0,0 0,0 1))

In this case the intersection between A and B returns a MULTIPOLYGON geometry show in the next figure.


Intersection (A, B) = MULTIPOLYGON (((1 0,1 1,2 1,2 0,1 0)),((4 1,4 0,3 0,3 1,4 1)))
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Case 2:

Geometry A: POLYGON ((0 3,2 3,2 1,0 1,0 3))
Geometry B: POLYGON ((2 4,4 4,4 0,0 0,0 2,1 2,1 1,2 1,2 2,3 2,3 3,2 3,2 4))
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In this case the intersection between A and B returns a GEOMETRYCOLLECTION. 

· GEOMETRYCOLLECTION (POINT (2 3), LINESTRING (2 2,2 1),LINESTRING (2 1,1 1),POLYGON (1 1,0 1,0 2,1 2,1 1)))

Concluding from these two cases:
· An intersection from two simple polygons results in a unique geometry.

·  If this geometry consists of several elements as POINT, LINESTRING or POLYGON, the intersection will be MULTIPOINT, MULTILINESTRING or MULTIPOLYGON.

· If the result is a mixed geometry from several simple types, it will be a GEOMETRYCOLLECTION type. 

The ability from a spatial operator to create a kind of geometry different to the entry one can bring out some problems when performing a spatial analysis. The following example points it out.
A and B are two POLYGON PostGIS tables, with m and n records respectively (all of them are POLYGON type entities). C is another table, where the result from the spatial intersection of A and B will be stored.

To perform the spatial intersection, the function “intersection (a,b)” from PostGIS will be called as many times as combinations of intersections will exist between the two layers geometries. 

What type must be the geometry of the C table? A POLYGON type? No, because PostGIS would consider a restriction violation error on the geometry column of the table C, if any intersection generates a different geometry to the POLYGON one, as the MULTIPOLYGON one, like in the first case. A GEOMETRYCOLLECTION kind?: No, for the same reason as before. 
Is it possible to eliminate the kind of geometry restriction on a table to be able to store different kind of geometry on the same table? Even if it there had been a solution, the table would not follow the SFS standard, and also some problems would appear when trying to visualize the layers with other GIS software as jump or qgis .

Then, what is the solution? The solution is to use the functions ‘force_collection(geometry)’ or ‘multi(geometry)’ which convert one geometry to a MULTI one, or to a GEOMETRYCOLLECTION  one respectively, and to use a filter on the sentence WHERE on the PostGIS function ‘GeometryType (geometry)’. The spatial analysis example will deal with all these questions.  

These conclusions can be extended to others PostGIS spatial operations. Therefore it is important to take into account the kind of geometry that a function can potentially return. 

Union is not implemented in PostGis. The reason is that the form of working is for records: it takes a record of a table, a record of the other table, it calculates an operation and it returns just a record. As we observe in the image, to be able to obtain all the polygons we need to make all these operations:
Union= B -1, A - (1, 2, 3), 1- (B, A), 2 - A, 3 - A, Intersecc. (two tables).
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We have implemented a function that carries out the overlapping of polygons, carrying out an aggregate that calculates the intersection of the list of last geometries as argument.
CREATE aggregate interag (sfunc = polinter, basetype = geometry, stype = geometry);

insert into res1(shp) select multi(interag(difference (c1.the_geom,c2.shp))) 
from capa1 as c1,capa2 as c2
where (c1.the_geom && c2.the_geom) intersects(c1.the_geom,c2.shp) group by c1.gid;

Conclusion

Using the topology relationships make it possible to handle a huge amount of data.
It is possible to make complex spatial analysis following the SFS protocol.
We have been able to get a set of software packages that make possible the development of a GIS thin client in a centralized way.
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