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A cartographic database gives a lot of advantages to the user: simplicity and speed of access to spatial and attributive cartographic data, a possibility of referring  various  descriptive and analytical information to spatial data.
In the course of our theoretical-and-experimental research, we have developed and realized a local variation of a database through the use of Microsoft Visual FoxPro 6.0. This software product is selected because of its ample opportunities and simplicity of mastering. The base is created for the map stock of the Cartographic Department of MIIGAiK. The information on maps was collected directly in the stock  by examining each map of the stock. All the data necessary for the electronic catalogue were recorded. It should be noted that atlases and maps were  handled separately and the data on them were filed in different bases. In collecting information, the maps  are conditionally divided into general geographic and thematic ones,  historical maps making a separate group among them. There has been developed a list of data necessary for collecting and a specific database structure. The database structure is shown in Figure 1.
There were collected the following data on each map: its name, scale, projection, coverage territory, belonging to a particular classification group (general geographic map group or thematic one), type of edition (independent one, a series of maps), purpose, language, availability of additional materials (type of the material, its name), availability of insertion maps (the name, the scale), format, the place of publication, the name of the publisher, the year of publication (republication), the quantity of map sheets, circulation, authors, editors, advisers, the quantity of copies available, their condition, location in the depository. 

As for atlases, the following data were recorded: the name, coverage territory, the type of the atlas (general geographic, thematic, complex, and other ones), the type of edition, purpose, language, format, the place of publication, the name of the publisher, the year of publication (republication), the quantity of map sheets, the circulation, developer, authors, editors, advisers, the quantity of copies available, their condition.






Fig. 1 The map database structure.
The data on the maps and atlases and their location in the map depository were listed in the columns of the tables specified  in the database structure.
The map database included the tables:
1) 
 The main table containing the serial number of the map and the data on it;
2) 
 The table of insertion maps;
3) 
 The table of additional materials;
4) 
 The table of map and atlas classification. 
For manipulating the contents of the database there was developed a form consisting of bookmarks with information fields, allowing one to search for records, edit, add and delete them (Fig. 2).
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Fig. 2. The form for manipulating the database.

Between Tables 1 and 2, 3 there is established a one-to-many link. The main table  and the table of classification are linked as many-to-one. In the tables for some columns, like purpose, type of edition, condition, a certain list of possible characteristics is provided. Each column is assigned a specific type and size, depending on the size and character of the information recorded in it. 
While entering the information into the database there was made an adjustment of the sizes of fields to a greater or smaller value.
The creation of the map database was made in accordance with the following technology:
1. 
 Collection of necessary data in the map depository (from paper maps);
2. 
 Development of the database structure, tables, links. 
3. 
 Entering of the primary information contents gathered at the first stage into the computer, Excel tables. Formatting of the record contents.
4. 
 Import of the information from  Excel tables into the VFP database created.
5. 
 Realization of the database structure in the software product Visual Fox Pro (VFP).
6. 
 Development and creation of the user interface of the database in the form of a certain form with bookmarks, containing information fields and control buttons.
7. 
 Final improvement of the database structure.
8. 
 Further filling up of the database with information.
The database created permits one to find out whether the  map of interest is available in the depository of the Department and its location there.
The idea of making a graphics database became the next step in the development of the map database. It should contain not only text data, but also scanned images of  maps with their coordinate reference system. From the authors’ point of view, the most important function that it should possess is the possibility of searching for maps of various levels of detailization  of a certain territory defined by its coordinates, and that of browsing and viewing the maps the user is interested in on the screen. Besides,  it is essential that the user can search for the adjacent sheets of the map and display the map and its inner reference frames in different projections.
A graphics database constructed on the principle of a graphics window with the search line seemed to the authors to be the most convenient one for realization. Displayed in the graphics window as the basis for search is a blank map of the world in the cylindrical equal-area (or square) projection. The blank map shows the delimitation of frontiers or boundaries of  states,  their capitals, the main hydrographic objects, the main communications lines, the main orographic objects, the boundaries of administrative units within states. The inner  frames of  a map from the database are displayed on this map in the graphics window, with the map name and scale shown as well. There is also a possibility realized to display the selected map as a whole in the raster form in a separate window. The search through the database is performed in three ways. The first one is the search in the graphics window. The "rectangle" cursor is employed by the user to define the territory of interest, the software makes a list of maps available. Another way is the search through the search line. The user enters any semantic information on a particular map (the territory, scale, name, etc.), the software produces a list of maps whose description matches the inquiry. Still another way is the search through the form, i.e., the fields of the database. The user fills in the form of the search, containing all possible fields of the database. The software offers possible variants of filling of the fields on the basis of the information available in the database.
Technically, the database server is installed on a separate computer, the access to the information is done through the Web interface.
The graphics database of maps differs from a text database by the availability  of the raster image of maps and the coordinates of the inner reference frames of maps. It is required to collect  additional information in the map depository from maps in order to make these raster images. First of all, it is necessary to obtain raster images of maps. This operation can be carried out in two methods: by scanning maps or by taking photographs of the originals. Scanning of the originals makes it possible to have a  greater correspondence of the raster images to the originals, but it needs much more time and special equipment (a wide-format scanner). Depending on their purpose, scanners can introduce significant errors into the process of digitizing originals. Cartographic scanners produce the least distortions and office scanners produce the greatest ones. Scanned maps demand big memory resources and need greater time to obtain them. There is another way, it is photographing maps by the digital camera with a high  matrix resolution. In this case it is possible to get raster images in a shorter period of time, but they will possess significant errors because of the lens distortion, maps on big formats will be low- resolution images. In order to obtain a raster image of a map of acceptable quality the resolution has to be of 200 DPI, which corresponds to a  3200 х 2400 pixel size of the raster for one page for А3 format (40 х 30 cm) or about 8 megapixels. The distortions caused by the lens distortion can be considerably compensated by processing the raster in the Microstation Descartes software product. The authors have developed a technique for compensating these distortions. In vector form,  Microstation creates a test object - a grid of intersecting lines (as a rule,  5 х 5 squares is enough). The test object is printed out in some format that is the most common among available maps. The sheet printed out is photographed and transferred into the computer. Microstation Descartes refers the photo of the sheet to the grid generated, without distorting the picture geometry. The photo is outlined by a frame which will be used for referring other pictures and a transformation file is created from differences between the intersections of the vector grid and those of the grid in the photo. Further, in the process of compensating the distortions, the photo is referred to the frame in the vector file and then the transformation file is applied to the photo. 
At the  stage of transferring raster images into digital form it is necessary to make a choice:  to fill up the database either by fast obtained  low-resolution and low-accuracy images of maps for browsing the search results (miniature images) or valuable digital copies of the maps, demanding time and financial expenditures. The coordinates of the inner frames of the map sheets can be of various coordinate systems. Small-scale thematic and general geographic  maps more often have geographic coordinates – the latitude and longitude. Large-scale topographic maps and plans usually have rectangular coordinates in a certain projection. To provide the uniformity of data formats it is more convenient to input  the geographical coordinates of the frames into the  database. It is not enough to have  four corner coordinates. To convert more correctly the location of the map frames to the projection of the graphics window we should have at least eight data:  four corners and four center points of the sides. If it is difficult or impossible to get geographical coordinates directly from the map (plan), one will have to translate from the rectangular coordinates, using the projection data. If the coordinate grid is not available on the map, the latter may be referred to the coordinate system through its content features like large cities, rivers, intersections of roads.
Raster images of maps and the coordinates of their inner frames in the geographical coordinate system are obtained as a result of collecting information. These data are stored in the database in a graphics format, map images are stored in a raster format, and the frames are in a  vector one. The link between graphics and tabular data on a map is carried out through the identifier of the map - its unique number.
Software implementation of the graphics database of maps is an important phase of its creation. After analyzing available software products allowing one to publish maps in the Internet and giving access to attributive information through a web-interface, the authors have selected the software products distributed under the terms of the GNU General Public License (GPL). The main software product is Mapserver, developed by the University of Minnesota. Mapserver accepts the inquiry sent by the browser, and in response it displays a picture of the map area requested, with the set parameters. It supports SHP - ESRI shapefiles vector format as well as various raster formats. The structure of the map is defined by the information file which describes layers, their screen representation, the output of the semantic information. The given software product makes it possible  not only to produce  a graphics image of the map, but also to view the semantic information of map objects, to carry out search for maps in the database. Any map will consist of two parts:  the layers of the geographical basis and the layers of the map frames, maps themselves being grouped by one characteristic (say, scale, theme, etc.) . The attributive information is supposed to be stored in the database realized by means of PostgreSQL. The available information will be imported from Visual Fox Pro. Both of these software products are installed onto an Internet Apache-based server, with support of the PHP, Perl languages. The interface of access to the graphics and attributive information is realized in the HTML language, with using JavaScript. Cartoweb software product simplifies the creation of a database on the basis of  Mapserver. The page includes a graphics window for displaying cartographic information, the search line, the control fields of the map layers as well as built-in JavaScript procedures responsible for creating the inquiry to the server, for collecting information on the user’s commands, for upgrading the picture on the screen. The vector file with the frames of maps will be formed in Microstation software. The coordinates of the frames of maps (not having a grid chart) will be defined in the same software too.
Insertion Maps�
�
The Identifier of the Insertion Map�
�
The Identifier of the Main Map�
�
Scale�
�
Name �
�



Additional Materials�
�
The Identifier of the Additional Material �
�
The Identifier of the Main Map�
�
Name�
�
Type of the Material�
�






The Main Table


�
�
The Identifier of the Main Map (Atlas)�
�
Map Number �
�
Name�
�
Quantity of Copies Available�
�
Scale�
�
Projection�
�
Territory�
�
Type of the Edition�
�
The Identifier for the  Purpose-based Classification �
�
The Identifier for the Content-based Classification �
�
Kind of Usage�
�
Developer�
�
The Place of Compilation and Preparation for Publication�
�
Publisher�
�
The Year of Publication (Republication)�
�
Language�
�
The Size of the Map Sheet�
�
The Quantity of Map Sheets�
�
Circulation�
�
Map Nomenclature �
�
The Quantity of Map Sheets (for many-sheeted regions)�
�
Condition�
�
Authors�
�
Editors�
�
Advisers�
�
Location in the Map Depository�
�






Purpose-based Classification�
�
The Identifier for the  Purpose-based Classification�
�
Level 1 �
�
Level 2 �
�
Level 3 �
�



Content-based Classification�
�
The Identifier for the Content-based Classification�
�
Division�
�
Group�
�
Type�
�
It is applied to Atlases or Maps�
�









PAGE  
1

