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Thematic mapping including GIS project development is associated to use of cartographic background of general geographic maps that are traditionally categorized by topographic and small-scale general geographic maps.

The first category embraces a system of interconnected maps with unified and standardized mathematical base, contents and presentation. This simplifies the task of forming appropriate basic digital topographic maps and, compacted scale sequence and layered information records facilitate their successful application as a digital cartographic framework for mapping and elaboration of GIS projects.

The second category represents a set of sole unique cartographic products with their own mathematical base, contents and presentation that puts obstacles in a way of developing basic digital maps.

In line with that proposed was another solution for the problem of geoinformation small-scale mapping, namely, formation of the integrated multifunctional cartographic database, conversion of contents of database into any scale through automated cartographic generalization and use of automated technological and information processes.

Formation of the cartographic database

The studies of existing cartographic databases and the analysis of their construction and functioning, assessment of classifications by various criteria, testing of standards and protocols related to exchange of cartographic data enabled to form a scientific background for cartographic databases in small-scale mapping. Resulting from that there were formulated the scientific principles and criteria for cartographic databases, as outlined below:

· multifunctional use of cartographic databases for automation of technological and information processes;

· diversity of sources for cartographic database compilation including traditional cartographic and reference/statistic materials as well as topographic and thematic databases;

· primary scope of the information stored – within the content domains of the basic digital cartographic frameworks of the 1 : 2,500,000 scale (borders, hydrography, human settlements, transportation routes);

· formation of cartographic databases is implemented along with the simultaneous elaboration of digital cartographic frameworks in the subjects of Russian Federation;

· a software-technological complex provides for implementation of processes of formation, conversion and use of information arrays, request-respose modes of operation, interaction of providers/consumers of information with databases.

The considered theoretical background demonstrate that the proposed cartographic database for small-scale mapping represents not only a “storage” of files of cartographic information but serves as a complicated software-technological complex, supporting automation of mapping procedures. 

The methodology of formation of cartographic databases has been developed including the following aspects:

· analysis and justification of selection of primary cartographic and reference/statistic materials;

· identification of scope for digital cartographic information;

· analytical/synthetic processing of cartographic information including its unification and standardization;

· formulation of classification for contents and implementation of coding structure;

· design and establishing formats of presentation of digital cartographic information;

· selection of software-technical facilities for implementation of cartographic databases of small-scale mapping.

Analysis of national small-scale general maps for the Russian Federation territory revealed an extensive straggling in scales used, in mathematical bases, contents and presentation, i.e. lack of unification and standardization of principal map parameters which prevents from their use as primary cartographic materials for creation of basic digital maps. Even each new edition of the popular nation-wide general map of the 1 : 2,500,000 scale seriously differs by its parameters from previous issues. Thus, the analysis of the latest 1999 edition of the “General Geographic Map of Russia and Adjacent States” (GGMR and AS) disclosed substantial shortcomings, especially in outline of human settlements (discrepancies in density, low accuracy, irrelevant reflection, etc.).

Resulting from that analysis there have been identified and engaged the following information sources for forming a training (experimental) cartographic database:

· a map of the 1 : 250, 000 scale for forming a cartographic database with the objects presenting borders, hydrography and transportation routes (through digitizing and simultaneous performing cartometric works);

· a large-scale (topographic) database (a digital topographic map of the 1 : 200, 000 scale) for compilation of cartographic database in the part of metric information on human settlement areas and their accurate location (through a programmable interaction between databases in the “request – response” mode);

· a thematic database of the State Statistical Committee for supplementing a cartographic database in the field of semantic information, namely, a number of residents in human settlements (by means of INTERNET from data of census of enumeration of the State Statistical Committee).
Apart from this, the formation of the cartographic database for human settlements is made basing on the map of the 1 : 2, 500, 000 scale and incorporating the map of the 1 : 1, 000, 000 scale during computation of human settlement numbers dependant upon their character and density for each subject of Russian Federation.

The abovementioned sources facilitate primary formation of the cartographic database within a volume of the basic digital cartographic framework of the 1 : 2, 500, 000 scale with four information layers (borders, hydrography, human settlements, transportation routes).

Taking into account economic efficiency issues (early at the stage of formation of a cartographic database) it is worth simultaneously creating the basic digital cartographic framework of the 1 : 2, 500, 000 scale for subjects of Russian Federation that will provide for automated development of traditional and digital maps and atlases as well as support for GIS projects. Further, other information layers can be imported into the cartographic database from various sources using the approved methodology.

Aimed at supporting functionalities of the cartographic database in distinctive technological and information modes, it is expedient to foresee the appropriate scope of information and a flexible system of its adaptation for solving new tasks. Along with that it looks actual that procedures of analytical/synthetic processing of cartographic information become more complicated but this provides for a multifunctional character of cartographic database operation.

Extremely important is that the processing would facilitate unification and standardization of major parameters for traditional and digital maps.

The multifunctional database use is made by application of two formats for records of digital cartographic information: general (universal) for implementation of technological procedures and particular (specialized) for undertaking information processes. In the general recording format all objects and their characteristics are described by the unified four-level graph comprising: the codes of political/administrative allocation; identification codes of objects and their characteristics; an object orderly number serving conjunction of metric and semantic information for an object. Apart from definite identification of a cartographic object a complete recording format performs such important functions as automated design of a graphical pattern imagery of an object (legend notation and subscript) and ranking of objects by an extent of importance.

As an outstanding example for development and use of the particular recording format is a complete code of a river network realizing a logical network of rivers from tributaries of the “n” order down to a major river which is important in implementation of an information retrieval system. Besides, this is achieved not by a “direct” coding of rivers by a map but as a result of functioning of a technological procedure of database formation, initially for some Russian Federation subjects and, later, through automated processing of digital cartographic information.

As the outcomes of the studies conducted there has been justified: selection of software-technological facilities to support the cartographic database, a database management system and, also, investigated instruments for inter-complex interaction of databases. Following the formulated methodology contained in the “Electronic Manual on Geoinformation Mapping” a training (experimental) database (only for the Russian Federation Central area) has been formed by student staff of the Cartographic Faculty.

Conversion of contents of the cartographic database.

Conversion of content of a cartographic database in the volume of a basic digital cartographic framework of the 1 : 2, 500, 000 scale into any prescribed scale a secondary digital cartographic base is undertaken through automated cartographic generalization. The theoretical background for the automated cartographic generalization is the common theory of cartographic generalization which is implemented by means of combination of automatic (programmable) and automated (interactive) modes of operation.

A cartographer is always facing a challenge of graphical visualization of ambient reality which is mostly detailed, accurately and relevantly registered on topographic layouts and maps. Along with diminishing of a mapping scale and acute reduction of areas of a map the density of cartographic objects upraises which leads to necessity of their summarization and selection. Summarization is characteristic for large-scale (topographic) mapping and selection of cartographic objects is used in small-scale works.

Besides, a tremendous diversity of objects to be dealt with and their linkages to be taken into account define a creative character of the generalization process which can not be formalized and, consequently, the selection of objects in transition from scale to scale is impossible to be exactly justified (expressed) mathematically. Therefore, an empirical-mathematical method is proposed for implementation of the selection process. 

The essence of the method comprises an analysis of well-known cartographic products, deriving relationships of object distribution and their approximation by mathematic tools developed on the foundation of mathematical statistics. This allows compiling a quantitative portion of selection by a programmable aid and a qualitative part – by a dialog “cartographer – computer”. By the way, the method is successively used not only for automated object selection but for solving other cartographic tasks.

The second constituent of generalization - summarization and, in particular, summarization of linear objects is worth implementing through modernization of the method of optical generalization on a display monitor.

An objective characteristic of any map and, specifically, of a small-scale one is a density of objects and related graphical load. The density is defined as a quantity (length) of objects per unit map area (sq. cm, sq. dm). Graphical load is determined as a ratio of a total object image area to a map area.

Under conditions of traditional cartography undertaking cartometric work on deriving lengths and areas of objects was an extremely labor-consuming activity and for digital cartography this operation is conducted within a process of object digitizing. That allowed to rapidly obtain density and load ratios and to manipulate them to desirable values. The methodology of automated selection of cartographic objects (human settlements, rivers and roads) is constituted on consideration of factors influencing on their selection: scale, object density in a primary cartographic material, object significance and size of their legend notations and subscripts.

A common factor critical for selection of all objects is a transition ratio from the scale of a primary cartographic material to the scale of a produced map that implies acute reduction of a mapping area. 

The impact of other factors can be considered for the example of human settlements, rivers and roads.

The density of human settlements for Russian Federation subjects in the cartographic database and, consequently, on the basic digital cartographic framework of the 1 : 2,500,000 scale should be complied with their density on the available primary cartographic material (the topographic map of the 1 : 1,000,000 scale). Using the empirical – mathematical method, a curve of relationship between densities of human settlements in Russian Federation subjects on the topographic map of the 1 : 1 000 000 scale and on the general map of the 1 :  500,000 scale has been derived. The curve is approximated with three straight line segments for which defined were mathematical formulae of relationships for densities of human settlements on the baseline digital cartographic map of the 1 : 2,500,000 scale and on the topographic map of the 1:1,000,000 scale.

Similarly, there were constructed the formulae for relationship of human settlement density on the second basic cartographic framework of the 1 : 8,000,000 scale and that of the density of human settlements on the topographic map of the 1 : 1,000,000 scale.

Applying the formulae obtained a complete concordance of human settlements was attained for the topographic map of the 1 : 1,000,000 scale and the basic digital cartographic frameworks of the 1 : 2,500,000 and 1 : 8,000,000 scales for each Russian Federation subject. Following those formulae there has been derived a formula for computation of human settlement density on the secondary digital cartographic frameworks of any prescribed scale within the scale range from 1 : 500,000 to 1 : 15,000,000 for each subject of Russian Federation.

Specific computer programs incorporating the derived formulae have been developed that provide for computation and visualization on a display monitor in a dialogue mode a number of human settlements for the basic and secondary digital cartographic frameworks through indication of a code a Russian Federation subject and of a map scale required.

The formulated mathematical tool passed through comprehensive testing and the results of which demonstrated good convergence of computed and actual number of human settlements that is less than that of actual values for analogous maps of various editions. Besides, correct and efficient computation of human settlement number, the mathematical tool supports inheritance and concordance of a character of human settlement density on topographic and general geographic maps. 

Unfortunately, the given methodology of human settlement selection based on the density, by the reason of performing of labor-consuming works on analysis, approximation and development of a mathematical tool starting from topographic maps is not applicable for mapping of foreign territories. In connection with this a methodology for human settlement selection using population density has been developed. This indicator is simple in implementation because the information in the form of occupancy and an area of the territory is quite accessible for its computation. 

Aimed at implementing such solution there was conducted an analysis of interrelation of human settlement density and population density for all subjects of Russian Federation and for more than 100 states with various population density. The studies revealed that direct mathematical relationship between densities is not explicitly present but a common interlinkage is traceable. The interrelation was successfully outlined as a curve and approximated by four straight line segments dependant upon degree of population density and expressed with appropriate formulae.

The given mathematical tool was approved for computation of numbers of human settlements in nearly 200 states and their subjects for merely various scales and a good compliance with actual data was found demonstrable. This development was also adjusted for practical use as a specific software product for computation of human settlements through identification of a state and a mapping scale.

The selection is also impacted with a significance of human settlements which depends on political/administrative importance and occupancy. The significance is defined within classification and construction of a two-dimensional graph. Established was 24 probable combinations of significance codes that allows to undertake programmable ranking of human settlements from a maximal value: “State capital – city – more than 1 Mil. residents (code 4111) down to minimal value: “does not have administrative importance – rural settlement – less than 10 thou residents (code 4436). This provides conditions for quality selection.

Apart from indicated characteristics (significance, type, occupancy) proposed is accounting of fourth characteristic – area of human settlement in a location The information about that can be imported from the digital topographic map of the 1 : 200,000 scale. The characteristic expands map informativity and provides for automated implementation of a population density map for human settlements. Next factor impacting on graphic load and, consequently, on selection is a size of legend notations (circles) and scripts of human settlements names. A simple formula for computation of area and image of a human settlement (circle and script) has been derived for the basic digital cartographic framework of the 1 : 2,500,000 scale.

Distinctively from traditional mapping where each characteristic is shown by combination of various visualization means, a differentiated approach is suggested for an electronic map. Thus, the political/administrative significance is reflected by underlining of a script, a type of a settlement – by a shape of font and population size – by a shape of a circle, its size and script. In this case a digital code plays one more important role – automated construction of a graphic image and unification of visualization aids.

Data on sizes of human settlement areas allowed to determine a graphic load for human settlements ranked by significance on the basic digital cartographic framework of the 1 : 2,500,000 scale for each Russian Federation subject. Basing on those data a subregionalization of Russian Federation territory by a graphic load has been conducted and each subject is linked to a definite region. For each subject there have been calculated population density (capitae/per sq. km) and human settlement density (a number of human settlement per sq. dm). The analysis has demonstrated that among three indicators – density, occupancy and load, the graphic load represents an averaged value between human settlement density and population density, i.e. reflects both indicators on the same map simultaneously. This is normal because graphic load depends upon density (a quantitative factor) and upon sizes (a qualitative factor).

A methodology of automated selection of rivers does not principally differ from human settlement selection but possesses its own peculiarities due to a linear character. The density of river network is expressed by a ratio of total river length to a basin area (km per sq. km). Each territory is characteristic with its own density.

As for Russian Federation territory identified were five types of river network and relating to this, rivers from 6 to 12 mm are acceptable to a map of its scale. The given technique has been applied for the GGMR and AS of the 1 : 2,500,000 which is used as a primary cartographic material in river network digitizing. In line with this the problem comprises retaining a character of river network and quantitative evaluation of its graphic load. Providing for automated river selection in producing secondary digital cartographic frameworks, rivers are ranked dependant on their significance which is defined by their subordination from a major river to tributaries of “n” order. When these indicators are identical the ranking is undertaken by river lengths derived during their digitizing process.

The graphic load for river network on a map is composed with areas of images of rivers and scripts. The data produced provide for determination of river graphic load on the basic digital cartographic framework of the 1 : 2,500,000 scale and create conditions for automated river selection in compilation of secondary digital cartographic bases.

A methodology of automated road selection is analogical to that of river selection. By scope and density the road network on the GGMR and AS meets requirements of a cartographic database. Therefore, similar to the river network case there is the problem of correct road digitizing, performing cartometry works and computation of density and graphic load for each Russian Federation subject. Providing automated road selection in implementation of secondary digital cartographic frameworks the road ranking is produced dependant on their significance from main railroads to miscellaneous automobile roads. At equivalent road significance the ranking extends depending on federal or regional significance. The road image area is calculated by multiplying of a length which is defined in digitizing process and the thickness that is incorporated in a legend notation library.

Based on a table of data and parameters of the basic cartographic framework for a subject of interest and a design scale the object selection table containing quantitative scope of objects with relevant parameters is formed by a programmable procedure. 

This will provide for conditions for qualitative generalization through a dialogue “cartographer – computer”. For this purpose a computed selection table and an imagery of basic map reduced to a scale of a secondary cartographic framework are visualized on a display monitor. A cartographer, taking into account the factors that can not be formalized, namely, a local (within a subject) object layout, their interrelation, sites of interest, visually evaluates the situation and finalizes object selection. The developed methodology and technology for conversion of database contents were tested in producing a number of various scale maps for subjects of Russian Federation and foreign states. Comparison of produced and traditional maps showed good convergence in a number and scope of objects. Apart from this implemented were unification and standardization of contents and presentation of a digital cartographic framework which is expedient for production of digital (electronic) maps and atlases and, also, for development of diverse GIS projects.

Use of the cartographic database

Beyond the considered process of automated compilation of basic and secondary digital cartographic frameworks, developed were algorithms and, partly, programs for automation of procedures for thematic mapping as follows:

· defining a mapping scale;

· selection of cartographic projection;

· design of alignment prototype;

· selection and implementation of technique for graphic presentation.

The most important property of topographic maps is their accuracy which implies their scale. For small-scale maps substantial is their informativity to which density of objects is closely interrelated. On knowing a volume (quantity) of a mapping phenomena and using the formulae for computation of object density the mapping scale may be derived. An important and complicated process for a map compilation is a justified selection of a cartographic projection. In practice producers prefer to detour this not a simple process by design of a map in the projection of primary cartographic material (even at the expense of accuracy and alignment). Digital cartography rendered feasibility for solving this problem on a contemporary technical level with applying interactive mode of operation. Logical relationships between the factors characterizing a mapping object (size, location), factors characterizing cartographic projections (orientation, auxiliary surface) and factors characterizing projection distortions (areal, angled, linear) have been established and presented in the form of two-dimensional graph which served developing the algorithm of a “program – help” for selection of projection in a dialogue mode. 

A responsible stage of a map compilation is designing of an alignment prototype during which a task for optimal combination of projection, scale and map alignment is posed that implies multiple alternatives. Implementation of this stage is related to organizing interactive operation mode. Aiming at this, there should be used as information base the second basic cartographic framework of the 1 : 8,000,000 scale which supports compilation of an alignment prototype within broader scale range starting from the 1 : 500,000 scale and using the developed methodology of object selection.

The choice of technique for graphic presentation of thematic contents is reasoned by combination of state and allocation of a phenomenon and by existing graphic facilities.

Among those factors and technique presentation there have been derived logical relationships in the form of a two-dimensional graph (algorithm) for choice of presentation option in interactive mode. Implementation of a presentation technique comprises computation of parameters of a graphic image, design (presentation) of the image and its allocation taking into account an optimal graphic load of a map. The developed methodology was tested in producing a series of demographic maps by interaction of the cartographic database and State Statistical Committee in the field of census of enumeration data through INTERNET.

There was considered a phased extension of the cartographic automated system from technological to information structures and their joint integration into a bank of cartographic data of the unified multifunctional cartographic database. 

In addition to the outlined stages of development of geoinformation small-scale mapping notes should be made on its implementation (in terms of promotion) in cartographic production. The promotion of even a single process into cartographic production is related to great difficulties and, notable is the promotion of the total system of automation of small-scale mapping. Besides, in implementation irrevocable costs are required for cartographic database formation. In line with this it is proposed that a portion of production work related to formation of cartographic databases and simultaneous compilation of digital cartographic frameworks should be organized at the Cartographic Faculty of the University. This is stipulated by the reasons as follows:

· first, the development has been undertaken at the Department of Cartography integrated into a tutorial process under the discipline “Geoinformation Mapping” and students are knowledgeable in theoretical and practical formation, conversion and use of cartographic databases. Moreover, each student autonomously forms a cartographic database for a sole Russian Federation subject and complies a series of small-scale digital cartographic frameworks;

· second, after the 3rd and 4th years students are directed to production practice to cartographic enterprises and private firms where they normally keep working during a tutorial process. It is worth retaining a part of students for practical job at a training class of the Cartographic Faculty for remunerated production works;

· third, the developed system is implemented using contemporary and accessible software – technological compleces and communication facilities that provide for operational compilation and exchange of digital cartographic information;

· fourth, monetary facilities gained from production works undertaken allow to organize a Laboratory of Geoinformation Mapping which apart from production work on formation of cartographic databases and compilation of digital cartographic frameworks should conduct scientific/research and experimental/methodological activities in the field of geoinformation mapping.

Thus, proposed is participation of the Cartographic Faculty of the University in production works on creation of digital cartographic frameworks for maps and atlases and on enforcement for processes of automation of small-scale mapping on the frameworks of cartographic databases that complies with contemporary development level and meet present economic relations.

