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Abstract:  The goal of this paper is to present a new open source software package called PGAT (PostGIS Analysis Tools). It is well-known that PostGIS is a spatial extension to PostgreSQL that follows the Open Geospatial Consortium (OGC) guidelines. PostGIS is a great product but sometimes it is difficult to manage for either a Cartographer or a GIS expertise due to the complex and large SQL sentences needed to make a simple spatial analysis. First of all PGAT is a graphical interface that make easier to work with PostGIS, but besides that it is a friendly framework as well, where researchers can implement and test their algorithms. This open source software is programmed is Java and uses the GeoTools library to render the layers. Some of the functionalities of this software are importing-exporting data, manage spatial indexes, copy layers, make selection, manage and render views, spatial analysis operation like buffer, dissolve, etc. Furthermore some algorithms like dissolving spatial adjacent entities have been implemented improving the PostGIS potential.
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1.- Introduction.
PGAT [4] is a graphical interface to PostGIS focused on mapping the spatial operators defined in PostGIS [9] to an intuitive user interface. The spatial operations are performed in the server side unlike most open source GIS. PGAT is implemented with Java and uses GeoTools (to render the graphics) [3] and db4o (to store the log system) [2], both of them are open source solutions. The main difference between PGAT and other programs is that PGAT is focused in performing the spatial operations (buffer, dissolve, etc.) on the server side [10] (PostgreSQL / PostGIS / SFS). This way, PGAT commits to the interoperability guidelines defined in the SFS [5, 6] protocol about spatial operations. 

What PGAT is?

· PGAT is a graphical interface to PostGIS. It is easy to use and it is a useful tool for people that work with PostGIS and have no knowledge with SQL.

· PGAT is focused in using plain SQL statements to carry on most functionalities.

· PGAT can be used as a framework to develop and test in an easy way your own work with PostGIS.

· It is a good tool to teach PostGIS subjects in the Universities (Geography, Cartography, Applied earth sciences, etc.).

What PGAT is not?

· PGAT is not a GIS like UDIG, Kosmo or GvSIG. It is just a front end to run spatial operations).

· PGAT is not an editor (editing geometries is not allowed).

· PGAT does not work with others file formats (e. g. shapes). It only works with PostGIS.

The current functionalities (version 0.1 beta) are:

· Create/Delete spatial databases

· Import/Export shape files

· Manage tables and geometry Views

· Delete layers

· Add/Delete geometry columns

· Spatial Indexes (create, drop, vacuum)

· Copy layers (schema and data)

· Convert tables to views and vice versa

· Queries 

· Work with schemes

· Spatial operations (buffer, dissolve)

· Log system to control errors and see SQL statements

· Dissolve improvement using spatial relations

· Spatial Indexes information

The goal of this paper is to describe these functionalities. This way the reader will be able to make a decision about if this open source project could be interesting for him.

2.- Creating a new project and importing data.
Using the project manager (Fig. 1) the user can manage the PGAT projects. The project contains the connexion parameters to the PostGIS database. If the PostGIS database does not exist the program can create a new one. To do this task the software creates a new database and runs the PostGIS SQL initialization files. The program uses a log system to store different kind of messages including the SQL statements that it sends to the PostGIS server. This log system and all the preferences are stored using the software db4o.
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Fig. 1. Project manager and log messages.
When a project is opened, PGAT looks for all the database tables and sort them out according with some parameters like the schema or the geometry column that they belong. PGAT also checks the integrity of the spatial tables; for example if some spatial table does  not have an entry in the ‘geometry_column’ table or vice versa. PGAT can import or export spatial data from shape files. For this purpose a front end to the PostGIS binaries 'shp2pgsql' and 'pgsql2shp' has been designed. The user can select all of the parameters that these binaries offer in a graphical way (Fig. 2).
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Fig. 2. Import and export dialog box.
3.- Project windows.
Once the project is opened (Fig. 3) using the project manager (Fig. 1) PGAT loads all the data from the database and sorts it out by grouping the schemes and the spatial tables. 
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Fig. 3. Project windows (source data).
There are two ways to access the tables: the source and view modes. In the view mode the user can change the order which the layers are displayed and to get some information about these layers:


366:icc2007> 
Layer: "public"."parcelas"


Type: Table


Schema: "public"


SRID: -1


Geometry column: 'geom'


Geometry type: MULTIPOLYGON


Dimension: 2


Rows: 40114


Geometries: 40114


Geometry size (bytes): 13177604


Relation size: 18489344


Total relation size: 21880832


Spatial index: parcelas_geom_gist

In the source mode the data tables are showed sorted by schemes and the user can get information about the schema and constraints of the tables. PGAT does not show the constraints related with the geometry that PostGIS creates.

393:icc2007> Obtaining schema... [17:21:52]

424:icc2007> 
Columns:


- Name: gid, Num: 1, SQLType: INTEGER, SQLFullType: INTEGER, Precision: 0, Scale:0, Digits: 10, Not Null: true


- Name: MAPA, Num: 2, SQLType: INTEGER, SQLFullType: INTEGER, Precision: 0, Scale:0, Digits: 10, Not Null: false


- Name: DELEGACIO, Num: 3, SQLType: SMALLINT, SQLFullType: SMALLINT, Precision: 0, Scale:0, Digits: 5, Not Null: false


- Name: MUNICIPIO, Num: 4, SQLType: SMALLINT, SQLFullType: SMALLINT, Precision: 0, Scale:0, Digits: 5, Not Null: false


- Name: MASA, Num: 5, SQLType: VARCHAR, SQLFullType: VARCHAR (5), Precision: 0, Scale:0, Digits: 5, Not Null: false


....


Constraints:


- Name: parcelas_pkey, Type: PRIMARY_KEY, Deferrable: false, Deferred: false, Ncolumns: 1, Columns: 1


 [17:21:52]

4.- Copy data.
Sometimes the user needs to obtain a new layer that is a copy from another one. PGAT permits to create new layers in an easy way (Fig. 4); creating the new database table, the schema and the constraints, adding the spatial column and populating the data. PGAT permits the user to choose the columns to be populated and to copy or define new columns and constraints.
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Fig. 4. Copying layers and schema editing.
PGAT always creates a primary key constraint in the target layer (auto numeric column) and populates the source primary key if the user considers it necessary. Another interesting characteristic is to make a query on the data that is going to be populated using the query builder.
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Fig. 5. Defining a query.
The query builder (Fig. 5) contains most of the SQL operators and the user can design a query in a fast way. PGAT always shows in the log windows all the SQL statements, this way the users that are not familiar with PostGIS can check it out and learn about it. For example to copy the layer 'parcelas' to the new layer 'parcelas_copy' using a query the SQL statements that PGAT creates (log system) are the following ones:

514:icc2007> CREATE TABLE "public"."parcelas_copy" ("pk_public_parcelas_gid" INTEGER, "MAPA" INTEGER, "DELEGACIO" SMALLINT, "MUNICIPIO" SMALLINT, "MASA" VARCHAR (5), "HOJA" VARCHAR (7), "TIPO" VARCHAR (1), "PARCELA" VARCHAR (5), "COORX" DOUBLE PRECISION, "COORY" DOUBLE PRECISION, "VIA" SMALLINT, "NUMERO" SMALLINT, "NUMERODUP" VARCHAR (1), "NUMSYMBOL" SMALLINT, "AREA" INTEGER, "FECHAALTA" INTEGER, "FECHABAJA" INTEGER, "pgatgid" SERIAL) [17:53:48]

515:icc2007> ALTER TABLE "public"."parcelas_copy" ADD CONSTRAINT "public_parcelas_copy_pkey" PRIMARY KEY ("pgatgid") [17:53:48]

521:icc2007> SELECT addgeometrycolumn ('public','parcelas_copy','geom',-1,'MULTIPOLYGON',2) [17:53:49]

544:icc2007> INSERT INTO "public"."parcelas_copy" ("pk_public_parcelas_gid","MAPA","DELEGACIO","MUNICIPIO","MASA","HOJA","TIPO","PARCELA","COORX","COORY","VIA","NUMERO","NUMERODUP","NUMSYMBOL","AREA","FECHAALTA","FECHABAJA","geom") SELECT "gid","MAPA","DELEGACIO","MUNICIPIO","MASA","HOJA","TIPO","PARCELA","COORX","COORY","VIA","NUMERO","NUMERODUP","NUMSYMBOL","AREA","FECHAALTA","FECHABAJA","geom" FROM "public"."parcelas" [17:53:49]

5.- Converting spatial tables to views and vice versa.
PGAT is able to work with views and to keep the compatibility with the GeoTools library. For this purpose when a view is created PGAT adds an entry to the 'geometry_column' table and creates a column in the view called 'oid' that links to the primary key of the source table. PGAT permits converts layers to view and views to layers.

6.- Spatial indexes.
Another functionality consists in managing the spatial index of the spatial tables. PGAT can delete, create and obtain some information about the clustering of the geometries. For example: the spatial table 'parcelas' that contains 40114 multipolygons has a clustering coefficient (average area of all the multipolygons divided by the total area of the layer) of 246133. The bigger coefficient is the better the spatial indexes will work.

558:icc2007> 
Layer: "public"."parcelas"


Objects: 40114


Total area: 4.2264763253125E8


Average area: 1717.14860927606


Average points: 18.0


Ratio area:246133.404091004

7.- Buffer and dissolve spatial operations.
PGAT incorporates the buffer and dissolve spatial operations. The user can customize the operation as it is showed in Fig. 6. The dissolve spatial operation is a common useful operation in GIS [1]. Take for example a layer containing urban areas: obtaining the block boundaries starting from information about lots requires carrying out this spatial operation by grouping the polygons contained in each block (obviously the lots spatial table does not contain any attribute column with information about the corresponding blocks). This spatial operation does not have an obvious solution in a simple feature model because the spatial database does not know which lots belong to each block unlike a GIS with persistent topology [1, 8]. In other words the spatial database does not contain any information about what the disjointed polygons are. 

To improve the performance of the dissolve spatial operation we need to collect the spatial relationship grouping of the disjointed polygons. PGAT incorporates an algorithm that runs until 1 000 times faster than using the SQL aggregate 'geomunion' (see the 'not join disjointed geometries' checkbox in Fig. 6). This algorithm appears in detail in the paper which title is ‘Improving dissolve spatial operations in a simple feature model’ published by the same authors who wrote this paper.
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Fig. 6. Buffer and dissolve spatial operations.
8.- Conclusion and future work

In this paper we have tried to explain the main functionalities of PGAT. Our aim is that this software package can help to researchers and students that are using PostGIS to carry on the spatial operations but do not want to deal with the SQL language and the PostGIS details. PGAT is a graphical interface easy to use and is open source so anyone can improve its potential. This project is still in the first stage of development and we hope to incorporate new features soon like: define simbology, add functionalities to complete the geo-spatial operations defined in PostGIS,  create topology tables to allow to use in a easy way the package pgRouting [7], create topology rules to detect topology errors like overlapping polygons, pseudonodes, etc.
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