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The Article covers a number of actual geoinformatic problems: creation of the Earth basic knowledge, multilevel base of the spatial data, geo-information modelling of territories, provision of the ground and air navigation with geoinformation, formation of geonformation. Both Russian Cartographical  and Topographical Service of the Russian Federation Military Forces are making their best efforts for solving the above problems.

The Article proves the unification of geoinformation technologies of creation the Base of knowledge of our planet and a country for the development of a science, economy, social  sphere and defense. Knowledge on the processes, occurring in the nucleus, cloak, Earth's crust, hydrosphere, atmosphere and biosphere is integrated on the basis of the System of Electronic maps. The basic direction is the multivariate existential modelling and display of situations and localities by means of electronic maps and space images.

Specific particulars of the electronic sea cartography, the main of which is the description of the sea bottom relief and water thickness, are  considered.  To make the above, special algorithms are necessary tobbe used as well as structures of the information storage and methods of its search. Approaches to the decision of the primary goals of the electronic sea cartography are assumed.

The Article describes approaches to the spatial information integration on the basis of a different-scale cartographic representation and using multilevel base of the spatial data. There is given a List of software products, which make it possible to form complex intellectual systems also on the basis of joining the above conceptual approaches. The method of the spatial information integration is outlined using the experience of development problem-oriented GIS, ways of optimization the processes of the Method's renovation, specifying and replenishment are also presented.

The requirements to geoinformation models of territories are formula Information-and-Analytical Bank of the general geographical knowledge is the basis of the geoinformation modelling and is made up on three-dimensional spatial models and electronic maps. Methods of modeland analytical relief processing by means of hardware-software comfor Internet-mapping allow to draw up an pptimal image of the Earth surface and to use the geospatial information on lithosphere. The requirements, principles and methods of making up spatial models of districts are enlisted and fields of application the spatial modelling of disare considered. The Article also considers the System of elec-tronic maps as a means of providing GIS with information. Electronic aviation maps being part of this System ensure the fulfilment of tasks and goals of air navigation. The Article formulates prior directions of application GIS in the ground, air, sea and space navigation. It also describes the subject of lectures delivered in MIREA, Moscow State : University and MIGAIK on the problems of global mapping and geoinformation technologies.

1. The Problem of Cretion the Base of Knowledge  about the Earth.

Today on the border of millennia, the electronic Earth and electronic Russia have acquired prior direction of scientific and technical progress. Its aim is to set up the uniform geoinformation space, to systematically reflect the real world by means of cartography and to build up one computer model of the Earth, comprising of million of aerospace displays and electronic maps of different subject, types, scales and of reference textual geoinformation as well. Electronic (digital) image of the Earth is necessary to be synthesized as an existential conception of our Planet leased on the semantic modeling of geospatial data being changed in the dynamics of current events, and realized as the whole complex of electronic cartographical libraries connected together in the system by means of telecommunication technologies.

We are speaking about the development of the complicated system of digital description both of the Sarth and our country using the system analysis. According to the principle of multilevel vision any geoproject must be given in a digital form with the required details of its structure keeping its integrity within the limits of a wider system. While the above an effective search of any geoproject is being provided for by spatial attribute and other characteristic aspects.
Actually it's necessary to integrate the current cartographical information about the Earth, its regions and as well to draw up a universal Base of Knowledge about our planet. It's possible to be done using the System of electronic maps being made up on the basic of common requirements. The Systems implies the integrity of electronic topographical, survey geographical and aviation maps, electronic photomaps, plans of cities, aerospace photos and reference information recorded on computer diskettes (optical discs), and the above being of the same conception, systemized and coordinated on the mathematical basic (cartographical projection, scale line, system of coordinates, column-making system and designations), and also on the maps contents, loading and symbols.
Electronic maps included into the System not only keep the qualities of traditional (paper) maps on precision, full content, authenticity and obviousness, but also provide for the monitoring of spatial data and manly ensure operative real-time transmission of cartographical information of the required  details to any directions, regions and area sections. All together they introduce the language of ideas about our Planet, allow to make models and mirror the situation in dynamic of current events as well as to solve various information and calculation problems. The System of electronic maps is needed for governing the country, economy (industry, transport system, agriculture), public health, ecology and national security.
The System of electronic maps is being set up as one information base for the whole globe on the basic of using existing cartographical display of long distant territories. It also permits combined application of space digital photos and table-and-text data. All the electronic maps inclusive of the System are agreed upon among each other by the mathematical basic and content. Scales, content and precision of electronic maps ensure the required levels of details for corresponding users. The System ensures possible alteration and dynamic load adaptation of visualization electronic maps with spot, linear and areal symbols and inscriptions of names for steady understanding and the map readability along with thematic information. The System makes the information given by electronic maps accessible at all structurization levels.
The System of cartographical models is set up as the united information base for all the territory of the Earth. The System can be substantially widened by means of including therein to the  data on the current changes of objects and phenomena. It is becoming existential (multivariate) Base of knowledge about the Earth.
2. The Problem of Creation multilevel Base of Spatial Data. 
The task of establishment Electronic Earth universal informative model, which unites the diverse spatial data cannot be solved without considering geographic particularities of environment purposes of data collection, means and methods of spatial parameters measurement. With reference to the above some special features of digital marine cartography are being considered and decisions of particularities are being suggested.

The cartography is worldwide divided in to the land and sea cartography and the littler carries on the mapping of sea water areas and mainly for the sake of navigation. Their difference cau be mainly stipulated by main object of investigation the bedding layer has different characteristics. As for the land cartography there is only one object for investigation and it is the land surface. But for the sea cartography this object is compound and consist of the sea bottom relief and the sea water thickness that makes the sea bottom hard accessible for visual analysis and for application the methods of the land mapping. Both essentially interacting objects have different degree of existential variability. 

Nowadays in order to provide the maximum safety of navigation the average many-year level for non-tidal seas is being widely applied in the sea cartography as an altitude basis or the least theoretical low-water datum (HTU) for tidal seas. HTU is a local mark. HTU is determined by the data of harmonic analysis of tidal fluctuations over the sea level. However, sea level fluctuations are available within the total frequency range and not only in the tidal one. Besides, existential distribution of tidal fluctuations has a complicated kinematic structure, which is not considered in the traditional sea cartography. The avarage multiyear level can fluctuate depending on the duration of the average period and the number of the level posts being used for calculations. All the above makes and land height marks which are tightly linked with the geodetic system of altitudes being currently used.
For setting up information model of the unified relief for the land and sea bottom, it is essential to work out the methods of coordination based on application altimetric measurements of the sea level got from artificial Earth satellites. Enough quantity of altimetric measurements needed for solving the above problems has been accumulated and actively continue to arrive.

Sea digital cartography must deal with data of large measuring (min. four measurements representing space and time). Due to here above the decision of spatial and contextual search problems in such multivariate base of spatial data is virtually important.  

The solution of spatial search problem should reasonably be looked for in the field of spatial methods of the information storage and supply. These methods could cover the method of information storage as a specially organized flowchart, and the supplying of information in these charts must be based on algorithms of multivariate spatial points in the form of so called "curves, filling the multidimensional cube". Contextual search can be implemented on the flowcharts – so called "suffix trees". The above algorithms have a big algorithm effectiveness.
The huge volume of the cartographic sea information and its multivariateness require the development of special methods of automatic generalization traking into account all the requirements of the traditional cartography. The particularities of submission spatial information electronically define two different ways of generalization purpose – for linear (spatial) and spot objects.
Digital sea cartography can solve the problems of sea activities operative supplying with data. It requires the development of automatic information and telecommunication systems of making up special sea thematic maps considering all cartographical needs and requirements, including and taking into account the requirements towards cartographical sing and as well ways of delivering digital cartographic production to a remote consumer.
The creation of the universal information model which combines spatial data of both the land and the sea, should be linked with the development of various methods and algorithms, defined by specific information on the sea environment, by the structure of initial information, its volume and places of application. The logical structure of spatial data as for the sea water areas must present a special type of multigraph which will make search and selection with build in algorithms of automatic generalization. All methods and algorithms of electronic sea cartography can be also fully used when developing electronic topographical maps as well as solving problems of other scientific disciplines, for example, hydrometiology.
There are several ways of approach to the integration of spatial information, i.e. on the basic of different scale cartographic approach and with using multivarious  base of spatial data. The first approach is reflected in the System of Electronic maps (SEM) developed in our country and means going over from separate electronic maps (EM) to a combination of EM, combined and coordinated on scales, system of coordinates, projections, contents and symbols. The second approach is based on multiple (different-scale) presentation one and the same digital object in the common base of spatial data. Conceptual differences of the above approaches are defined by integration methods of spatial integration. For some EM being part of the system, are linked together at the logical model level and by geographical space (outer connections). As for the second approach the connections among digital conceptions of the object in real world are fixed directly in the physical model of spatial data (inner connections). As a result there appear different ways of the information approach the user manipulates with the mass data (i.e. EM), in case of the second approach – with separate objects. The advantages of the 1-st approach are due to the fact that the information is accessable for the final user, and the 2-d approach makes it possible to apply flexible processing of spatial data  and, in particular, during data refreshment and generalization.
The data refreshment is efficient because of possible so-called "incremental generalization", when actualization of information occurs only at one level ( the most detailed) and renewals are transmitted through objective interconnections to the next levels.

The up-to-date program products for spatial data storage and control-ArcGIS ESRITM  uses object-oriented model SUBD), allow to form complicated intellectual systems, including  those made up on the basis of unification the above conceptual approaches. Simaltaneous flexible data processing and dynamic cartographic visualization can be achieved as a result. 
The methods of renewal electronic motoring maps provided for in are based on the complex of advantages of the above two conceptual approaches: the system of electronic maps mutually coordinated logically and multilevel model of spatial data base (SDB). It gives a possibility to control the mass data as (SEM) and to store interlevel connections of spatial objects.

The methods mentioned here above were developed using cartographic material supplied for problem-oriented GIS "Motor Roads of Moscow Region" – the system of electronic maps providing for road information at several levels: general, regional and local. Information content of this branch of   GIS made for inventarization of the road system and controlled by the Roads territorial administration MOSAVTODOR, is inclusive of the following:
· measuring the position of the roads axes by satellite navigation methods (GPS) with accuracy from 0.03 – 0.2 to 1 m;

· measuring the location of objects on road in the system of coordinates, connected with the road axis with accuracy up to 1 m;

· electronic map of road expropriation zone in scale of 1:10 000 (local level);
· electronic map of Moscow region in scale of 1:200 000 (regional level);

· electronic map of Moscow region plus adjoining territories in scale of             1:2 000 000 (general level);

Using this information material and considering the renewals, got in the development problem – oriented GIS, 1:200 000 "Motor Roads of Moscow Region" Map was issued and multimedia branch cartographic information-and-reference system was developed as well.

The road system is usually renewed to carry out the tasks as follows: inventarization of the region roads utilities, raising the positional accuracy of the existing road system, detection changes thereof  and description elements of the road infrastructure.

The upgrading of positional accuracy has been achieved with the help of high-precision GPS-surveys of motor roads axis lines, made during field work. To optimize expenditures the next roads alterations can be found as a result of regular information renewal, coming from regional roads administrations. It's convenient in all aspect because all the transformations are traced and immediately put into SDB. Considering the fact, that actualization in this case can be made through telecommunication network under the conditions closely connected voith the events resulted from the new road information ( repair works, construction of new roads and objects of road infrastructure) this approach is important from the existential point of view. Its shortcoming are linked not only with the necessity of carring on surveys it there  appear new roads, but besides all the rest motor road system of the region is required to be repaired, because motor roads maps have information not only about administrative roads system.
After the high-precise network of the roads axis lines has been developed, the further renewal and new roads commissioning are reasonable to be made mainly by space images, and it can cut costs and labour expenses needed for a new survey. However, it should be borne in mind that the space photography cannot provide full and complete information for the road system. Thus, information content of problem-oriented GIS is proposed to be widened by additional data^ digital space images of middle and high resolution. Besides, due to the fact that the actual information on motor roads, got during GIS-surveys, is required to be considered at making motor roads maps of other scales, SBD GIS is supplemented with digital topographical maps (DTM) of general scales ( 1:500 000 and 1:1 000 000).
Particularities of motor roads system topological structure are used when developing multilevel SDB model.  For this purpose the method of automatic layers coordination has been developed, which helps to match motor roads system units (crossings), the location of which at all detailed levels is determined after coordination with high accuracy, that corresponds with GPS-definitions. Taking into account the locations hereabove the method of renewal motor roads electronic maps has been developed on the basis of multilevel SDB model, consisting of several consistent stages, and namely:
1. Renewal information content of  "Motor roads" layer of the 1st basic level with automatching  the units of motor roads axis by results of GPS – measurings and of motor roads system units, provided for at different detailed SDB levels.

2. Further renewals of motor road system by space images;

3. Optional data generalization received after renewal;

4. Renewal transmission to the next detailed levels via interconnections, worked out during matching at the 1st stage.

The methods also provides for application the characteristics of the previous motor road system (road distance, width and type of covering) as well as SDB autoprocessing with extraction additional attributive roads characteristics (determination of roads azimuth, length of some segments), which are the basis for creation special Base of knowledge together with the outlined regularities of cartographical generalization, fixed in SDB at the development of interconnections among identical objects at various levels of detalization.

3. The Problem of  Territories Geoinformation Modelling 
The Planning of regions steady development provides for multiple analysis of the regional system diversed data, modelling and forecast of monitoring and selection priority directions of regional development. The ways of the regional development are voorked out as a result of analysis of extensive spatial information which helps to solve all territorial contradictions and to optimize interaction of all to this or that extent mutually correlating subsystems of the region.
These problems might be solved only after setting up the united system of territorial monitoring on the basis of the regional resources analytical center, which makes complex systematic analysis of geospatial information, that is representing logical completion of the integration process of component branch information streams.
The system of complex territorial monitoring which is effectively functioning is made up on the basis of the united regulated, structurized and flexible geoinformation space – universal computor multivariate model of the region structure and development. The united model of geoinformation space is being constructed from hierarchical system of subsystems and sublevels interconnected models. The creation of such a model is a complicated process which includes as follows:

· extraction and analysis of typical space and time of specific  geoobjects at the given levels of resolution;
· creation models of the given geoobjects;

· making up object models in compliance with their specific content and the nature of outer interactions;

· creation models of the extracted objects interactions;

· setting up the general, united model of the geospace.

The major requirement towards the models under development is to give an opportunity to use GIS functions to the maximum extent and to carry out different kinds of thematic (problem-oriented) modelling.

Virtual geospace is based on the information system of electronic cartographical, trivariate included, models of territories agreed by scales.

At each structural GIS level (information collection and its initial processing; its modelling, storage and renewal; data supplying) the below kinds of modeling, corresponding to the given tasks, are used:

· semantic modelling, in the process of which the problems of initial information structurization and arrangement are being solved for the best structure display of the modelled object;
· invariant modelling, in which there are used operations and major features of the objects under modeling regardless of the technical properties and specific features of separate objects. This kind of structurally divided graphical models, the lower level of which is invariant to the model properties,  and the upper level is open for registration the individual properties of the object for modelling;

· interactive heuristic modelling, applied if expert decisions and special not typical tasks are necessary to be made;
· information modelling means transforming various types of information for analyzing and visualizing with usage  of intergrated information base which includes trivariate, raster and vector displays.

The choice of the model developed is determined by goals and tasks of the required GIS, and also by availability of hardware and software means essential for its implementation.

Spatial modelling is becoming an integral part of research in sciences about the Earth ( geography, geology, geoinformation and oceonology) as well as in the applied fields of activity (ecology, earth cadastre, navigation and various engineering projects). For all that trivariate cartographic visualization is widely used, and it makes possible to completely investigate the situation connected oith the specific phenomenon. 
For achievement the goals of trivariate Internet-cartography there are definite technological prerequisites: 

· standards of spatial metadata have been set up;

· standards of spatial data transmission being developed;

· high-frequency digital channels for information transmission being worked out;

· special software being elaborated. 

The Earth surface modelling with accumulating the Bank of digital relief displays directly formulates the image of the Electronic Earth and permits to effectively transmit its multiaspect contents. Considering that the Internet-cartography process is founded by the integration of cartographic interface with data bases of digital geoinformation and telecommunication system, at the same time the problems not only of quick access to spatial data are being solved, lout also there appear a possibility of carry on the cartographic modelling of geoprocesses under on-line conditions. To implement the above the software should be developed which could combine net WWW-technologies with GIS-technologies, that provide for the functional instruments needed for working with spatial data directly in the net. With the help of WEB-brauzers supporting specially developed protocols of access to geoinformation data, the experts should get the opportunity to fulfil not only elementary functions ( spatial enquiries, distance measuring, setting up thematic maps), but also to make geographical analysis on the basis of trivariate modelling data.
One of the key directions in geoinformation to day is multivariate modelling and the area situation display using electronic maps (EM) and space images. Concepts, methods, software and hardware, technologies, standards of knowledge collection, accumulation, processing, analysis, understanding and extraction, as well as spatial data searching, visualization and transmission are being developed. Methods of information and geoinformation, of systematic analysis, modelling systems and operations, geography, geology, gravimetry, space survey, photogrammetry and cartography are being applied. National information, computing and also telecommunication resources are being used.
Spatial modelling allows to set up capacious as for information area images, with imitation of various weather conditions, seasonability and also to trace the changes taken place in time and space that provides not only for the area total evaluation, but also the complex studying and evaluation of the territory properties and the objects located thereon. 
The existing software facilities of the area spatial visualization, as a rule are directed toward the specific application. Either EM data (horizontal lines and height marks) or aerospace image are usually used as initial data for making up spatial model of district (SMD). The most precise digital models of relief, working as a base for SMD, are received using photogrammetric technology.  On  the other hand, methods of lazer scanning have been widely developed of late, that opens new technological opportunities. Despite availability of various technologies, the most reasonable way to create SMD nowadays  is the way of combination different kinds thereof. 
The requirement made to SMD by many users, are listed in GOST 52055-2003 "Geoinformation Cartography. Spatial Model of District. General Requirements": the visual representation of the district triviate image with topological connections and characteristics depending on daytime, year and environment; readability and identification of the elements and objects of the district; precision and measurability of an image; visual evaluation of the mutual spatial location of objects; making up an image similar to the district.

Creation and visualization of trivariate objects can be implemented in various software packets, oriented for the work in multivariate environment (for example, 3D Studio Max, AutoCAD, atc.). However, the setting up of the real SMD is going closely together with the necessity to tie the  data to the geographical coordinates and projection, to formation the digital model of relief, that is why it is expedient to use geoinformation systems as a base for creation SMD (initial data preparation, DMR setting up, choice of the optimal digital load).
The specific selection of GIS will first depend on the user financial possibilities (foreign GIS cost from a ten thousand to tens of thousand us Dollars depending on the completeness of the set), and also on a format of the initial data (Electronic maps).
Using data in GIS internal format is the most preferable, because the conversion of data from exchange formats results in data  definite losses, which can influence the quality of SMD under creation (i.e. distortion of the object appearance, loss of topological connections, etc.).

To obtain DMR, put into the foundation of SMD, digital photogrammetry is nowadays frequently used. Among the advantages of digital photogrammetry the efficiency of data processing can be considered (it is possible to process data stream, got directly from satellite).

Standartization in computor graphic plays an important role in spatial modelling ( data rendering and visualization). It should provide for mobility and carrying applied programs, unification of interaction with graphical devices and possibility of interchanging graphical information among various subsystems. Utilization of standards allows to shorten time of graphical systems development and increase their life time.
Today in practice of using computers graphic a lot of standards are applied, which differs by purpose and functions. They also have different official degree from actual to international.

The offered methods of SMD creation is directed to getting a new universal type of cartographic product – SMD being set up using two technologies: GIS and photogrammetrical data processing, that makes it possible to synthesize on SMD images diversified data about the territory and to satisfy requirements of a lot of users.

The methodics covers the following stages: the determination of SMD functional usage; preparation of initial data; DMR making; setting up SMD optional information; formation of trivariate object composition; adjustment of  visualization parameters and SMD rendering on the monitor.
The methodics is inclusive of all technological stages from  initial data collection and evaluation, their processing to making various SMD types – from universal to problem-oriented and it also allows to create visual SMD and generalize various data of the territory thereon with accuracy corresponding to the problems being solved.

4. The Problem of Provision Land and Air Navigation with Geoinformation.

Informatique has lately acquired new and powerful means of governing public development, and they are: geoinformation systems (GIS), Electronic maps system, the newest satellite and aerospace technologies of collection spatially distributed information.

Besides, the makind first time in history has received the united existential system of coordinates which stats in the centre of the Earth masses WGS-84 and PE-90, registered by orbital satellites of global navigation systems of location determination NAVSTAR GPS (USA) and GLONASS (Russia) and of corresponding surface points. 

Receivers of satellite navigating systems allow to determine with maximum accuracy the location of moving objects under the regime of real time, and in combination  with GIS it makes them indispensable control means for transport objects GIS themselves are transforming  from information systems into information-controlling and cybernetics systems. They are able to integrate the existing automatic control and navigation systems.

The System of electronic maps approved in 1999 in tact supplies GIS with information, and works a united information space. It serves as a  combination of electronic maps united by the common idea, regulated and agreed upon by scales, system of coordinates, projection, content, symbol and being set up according to unified requirements. Besides electronic topographic and general geographic maps, cities layouts and spatial models of district, the System of electronic maps includes electronic aviation maps as well.

Railway transport GIS is the one governing automatic systems needed for solving the problems of inventory,  design and monitoring.

According to the Concept and Program of railway transport informatization, GIS are mean for information-and-analytic supplying all the Complexes of information technologies.

Being the systems of information-and-monitoring type, GIS of railway transport must contain as follows:

· digital models of the main tracks and if necessary also digital models of station tracks (in GIS of stations and maintenance sections);

· data on monitoring the condition of the track and facilities, essential for automatic control of repair and construction works;
· digital cadastre plan of railway Right-of-Way and outpost zones, integrated with automatic certificate of maintenance section of tracks;

· ways of  development attachments for solving the problems of control over railway infrastructure. 
GIS should include attributive information on technical services, agreed upon with coordinate data (tracks and facilities, track technical systems, power supply systems, contact mains, communication, as well as dynamic models of monitoring the resources of technical systems and devices).

5. The Problem of Geoinformation in Higher Education.

New geoinformation technologies are used in the system of higher education. The results of work are implemented in the teaching process at lectures and laboratoring classes on the subject of "Geoinformation technologies" in the Moscow institute of radion engineering, electronics and automatics (MIREA). The discipline program, made up by the author of this article, is provided for 250 hours (the volume of the teaching load). The subject is delivered on the fifth grade in the 9th and 10th semesters. The farget of the discipline is: first, getting notion of up-to-date geoinformation technologies, meant for solving fundamental problems in the systems of monitoring and navigation, information-and-telecommunication system< GIS (ways of collection, accumulation, storage, compression, search, analysis, detection, generalization, display and transmission geospatial information); second, getting knowledge about the way of electronic maps creation and application, about the method of engineering-phychological evaluation of geoimages visual perception, about the way of GIS design process, their information, mathematical, linguistic and technical supplement; third, to know how to use electronic maps for situation modeling, to solve information and estimation tasks; fourth, to get experience how to apply geoinformation technologies while making bases for meteodata and geospatial information, expert systems and bases of knowledge.

There are also classes given in the Moscow State University named after M.V.Lomonosov on "The Problems of Global Cartography". In the program of this course of studies made up by A.I. Martynenko and T.G.Sratkova, it is noted that " the problems of global cartography" is one of the final disciplines delivered to cartographies-holders of a master's degree. It introduces to them the problems of present-day world cartography, actual nowadays and in the future. One of the most significant issues – the establishment of the system of global electronic topographical, thematic maps and atlases. 
Ten years ago the course of "The Systems of Electronic maps and application of GIS" was commenced in geodesy and cartography (MIIGAiK). Its contents corresponds to the same in MIREA and MGU. Its specific feature is a more detailed representation of the fields of GIS application.

Educational text-book "Geoinformation technologies" has been developed and published for the students, post-graduate students, teachers and scientific staff members.
