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THE EARTH REMOTE SENSING AND GEOINFORMATION MAPPING BASED TECHNOLOGIES FOR CREATING  THE RUSSIAN FEDERATION  GEOINFORMATION SPACE
Karpuhin S.S., FGUE «State Center “Priroda” », stanislav_karp@mail.ru   
The problem of sustainable and socially-, economically-, ecologically- balanced development regions keeps the urgency for the majority of developing countries, including, for Russia. In this connection, at all levels of the natural-economic device and management (the country→ the subject area→ city→ district→ municipality→ the landed property) arises and demands the decision the big number of problems of scientific, technical, resource, technological, information, legal and organizational character. Last years the infrastructure of spatial data is actively formed, there is begun realization of projects of Electronic Russia. The new wave of interest to the digital cartographical and geographical information, space images of the high spatial sanction was designated. « The concept of creation and development of an infrastructure of spatial data», approved by the order of the Government of the Russian Federation, provides formation in our country to 2015 of the hierarchical territorially-distributed system of gathering, processing, storage and granting to the broad audience of users of digital cartographical and other spatial information.
Development of the spatial data infrastructure is a necessary part in perfection of an information supply of territorial management at the present stage. Spatial data (digital maps, space images, etc.) are the information basis of uniform geoinformation space of the Russian Federation and consolidating component of nation-wide information resources. A contemporaneity, reliability, accuracy and universality are the major requirements shown to spatial data. Electronic kind of the information production possessing the set forth above properties, is successfully carried out with application of modern means of remote sensing and GIS- technologies.

The advanced foreign countries conduct active development and practical realization of projects of the Digital Earth for the decision of an information supply problems of sustainable and balanced development of the regional natural-economic systems now. 

The prototype of the Digital Earth it is possible to consider (not had analogues in the world) the Program of complex studying and mapping of natural resources (CSMNR) the country with use of the space information for the first time offered and appreciably realized by FGUE «State Center “Priroda” » in 70-90 years of the last century. During the complex cartographical works spent in scales 1: 500 000 – 1: 200 000 on the basis of space images of the high spatial resolution the regional series of maps having universal value for various spheres of economy, wildlife management and ecology are created. The original ideas developed in a context of paradigm CSMNR of the USSR, have laid down in a basis of concepts of a complex cartographical cadastre of natural resources (uniform and territorial), agroindustrial and ecological mapping. Practical experience of effective interbranch interaction at a level of the leading organizations of the allied and republican ministries and departments is saved up during researches. 

The idea of application of complex studying and mapping in the automated information systems intended for the purposes of management by wildlife land use – AISML have been formulated by the author at the end of 80th years. The basic stages and terms of creation AISML regional (1995-2005) and nation-wide (2005-2015) levels are certain. The components forming supply with information-cartographical AISML, were substantially already known by 1989. However, to the beginning of 90th technical and program-tool means did not meet the requirements of practical realization of the Concept. At that time in Russia the first experiments on application of GIS-products delivered, mainly, from the USA (MAPINFO, ARCINFO, etc.) were carried out only. The organizations of the various ministries and departments created the first experimental GIS-projects. However viability of the forecast concerning terms of becoming AISML of regional and federal levels (in kind a little bit distinct from the Concept) proves to be true the further process of events.

The space system of the Earth remote sensing (ERS) of Russian Federation was the best in the world to 1991. It based on using of photographic satellites of type "Resource-F". Resolution of space photographs reached 3 m on district. Were carried out with high efficiency (up to 10 million km2 of a terrestrial surface for two weeks of flight of the satellite) all kinds of photographic survey (with maintenance of stereoscopy and continuous space coverings): black&white (panchromatic), color (in natural colors), spectrozonal (in false colors), multizonal. The extensive fund of materials of remote sensing of the high spatial resolution covering all continents of Globe was saved up as a result of regular remote sensing from space during more than for the 20-years period. Not casually therefore consumers of the space information abroad began to show heightened interest to Russian materials of ERS in spite of the fact that the first satellites of optic-electronic sensing Landsat (USA) and Spot (France) already functioned. Resolution of images received by these space vehicles had achieved 15-20 m on district, stereoscopy of survey was not provided. 
It has been entered the tripartite agreement between FGUE «State Center “Priroda” », VO «Rosvneshgeo» and the American firm «JEBCO Seismic Ltd» (in the subsequent – «WorldMap International Limited») under our initiative in 1993. The Main task of joint activity consist in distribution of the detailed domestic digital space information surpassed on the parameters foreign analogues. The new technological scheme according to which space photographs were digitized on photogrammetric scanners with the aperture providing preservation of their initial resolution has been used at realization of this project. Activity of firm was carried out up to the end 1998. During this period the Russian space information borrowed 4 % of the world market of space materials ERS and was delivered in more than 100 countries of the world. 

The order of the Russian Federation Government from January, 16th, 1995 40 «About the organization of works on creation of geoinformation system of bodies of the government» has begun process of systematic development of geographical information systems for bodies of the state power (GIS BSP) in our country. GIS BSP are created in interests of information support of acceptance of optimum administrative decisions on the basis of using of federal, regional and municipal information resources and modern information technologies. FGUE «State Center “Priroda”» – the head executor of works – develops works on designing and creation GIS BSP of a federal and regional level since 1995 (at the first stage with application, mainly foreign program and technical maintenance).
In January, 1998 Vice-president of the USA A. Gore in the well-known speech in the Californian Center of the Science (Los Angeles) has proclaimed the beginning of the global initiative under a name the Digital Earth. The purpose of creation of multipurpose system «Digital Earth» – to transform an enormous stream of the raw data into understandable information received from space about social and natural processes of our planet. This information should consist not only of satellite high spatial resolution images of the Earth surface, digital maps, economic, social and demographic data. The world community should receive greater social and commercial benefits in spheres of formation, decision-making in interests of land use planning, agroindustrial production, management of crisis situations and whole – sustainable and socially-, economically-, ecologically- balanced development regions of a planet. The Digital Earth should be means for navigation and search spatial information for further application. It should be created with «the user interface», providing: accessible viewing of the three-dimensional representation of the planet at various levels of the resolution, quickly developing universe, and the spatial information incorporated in a network, mechanisms for integration and visualization of the information from various sources.
It’s probably one of the reasons for start “Digital Earth” project proposed in 1998 by then US Vice-President Al Gore became positive results of cooperation between the USA, on behalf of Geological Survey (USGS), and the Russian Federation, on behalf of Ministry for Protection of the Environment and Natural Resources and Roskartographia, on creation geographical information system on region of lake Baikal (GIS "Baikal") during 1992-1998. The system is generated on the basis of domestic materials of detailed space survey and the digital cartographical information of series CSMNR. Geological Survey of the USA has put FGUE "State center “Priroda”» the computers and the software for realization project in 1995. Results of the pilot-project «GIS Baikal» have been successfully shown to US Vice-President Al Gore and Chairman of the Government of the Russian Federation V.S. Tchernomyrdin during Vice-president’s visit 1996 to Russia.
On the beginning 3-it a millenium it is appeared crisis of domestic space activity in sphere of maintenance of a science and a national economy of high spatial and spectral resolution space survey data. On the contrary, foreign means of optic-electronic supervision with the resolution up to 1 m on district have flooded world market ERS data. These are not cheap, but qualitative and, that is sometimes more essential, regular and in due time acting space images of the Earth surface. Promotion in the world of a Digital Earth paradigm began to bear the first results: a number of standards and models of functional interoperability is developed, five international scientific conferences are lead, and the international committee for coordination of cooperation in the named sphere is created. In a number of the university centers of the USA digital geolibraries are formed. Since July 2005 functions geobrowser Google Earth in the WWW.     
Last years decisions made on formation of the Russian spatial data infrastructure, domestic positioning space system GLONASS, work within the limits of the Federal target program Electronic Russia appear rather duly and meet the requirements of time. The theoretical-methodological base to construction of Russian Federation geoinformation space makes:
· Methodological bases of complex studying and mapping of USSR natural recourses on the basis of ERS data (J.G. Kelner, 1984, etc.),

· Concepts of creation – in development CSMNR – the automated information systems for the environmental protection of natural recourses management purposes and a complex cartographical cadastre (S.S. Karpuhin, 1989, etc.),

· The concept of geoinformation mapping (A.M. Berljant, 1997, etc.),

· The concept of creation of electronic maps system (A.I. Martynenko, 2001, etc.),

The last decade GIS-applications experience in various areas of a home science, techniques, economy and social sphere can be considered as experimental basis of geoinformation space. 

Exactly 30 years ago the first detailed space images studying had brought us to an idea on necessity of mapping objectively existing on the Earth surface of complex-genesis phenomenon, namely: natural-economic systems (NES). During USSR natural-economic division map creation (in interests of experimental ranges and test sites accommodation for purposes of space systems parameters working off, 1976-1980) the author for the first time are allocated NES different taxonic level: provinces, areas and districts (on fig.1 makes the fragment of a map of natural-economic division into districts of the USSR is represented). Thus, the beginning was necessary to a new direction in geography: to complex cartographical studying NES of a Earth surface.
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Fig.1 The map «Natural-economic systems of the Russian Federation»


I-IX – natural-economic provinces; 1–99 – natural-economic areas; 1.1–99.5 – natural-economic districts.
The natural-economic system represents synergetic (gr. synergeia – joint action) and simultaneously system (cause and effect) phenomenon. NES are formed by components whose properties traditional scientific disciplines are engaged. In NES studying process on the images received from space, usually we collide with various structures of spectral icons which are formed by the reflected or generated energy. Depending on scale of research spectral images of  relief forms, water objects, structures of a vegetative cover, soils and composing superficial adjournment, elements of a social and economic infrastructure are accessible to direct supervision. Component everyone investigated and mapped on space scene is equal in rights the NES condition synergetic indicator. 
The Earth remote sensing of the high spatial, temporal and spectral resolution underlies studying evolution of components of Russian Federation regional natural-economic systems. Modern foreign and home cartographical program complexes, geoinformation technologies, together with means of imitating modeling natural, ethnogeny and technogeny processes, provide unique opportunities of traditional sciences about the Earth knowledge bases synthesis.
One of the major components of Russian Federation geoinformation space are universal geoinformation mapping 
(UGM). It is the process of creation of the interoperable and coordinated digital topographical and thematic map system reflecting a condition of regional natural-economic systems. It has following features: the minimal quantity configuration of base maps with their maximal functionality in geoinformation systems application, the universal classificatory of the geographical information considering general and specific regional requires, access to branch spatial data bases and banks, wide use of dynamically developing compatible GIS-technologies, simultaneous performance of co-ordination regional researches in large and average scales. 
The major principles of creation UGM are:

· continuity in development of methodological bases and methodical means; 

· invariance (an invariance of structure of base maps in all regions);

· universality (complex, multi-vectors mappings, a possibility of creation of any derivative maps on the basis of the minimal quantity  configuration base maps);

· systemic organization (orderliness and an interoperability); 

· support with support of detailed space sounding;

· multi-scale (carrying out UGM in various scales, depending on features of a structure and functioning of regional NES); 

· synchronic organization (initial « the point of readout » and time cuts UGM should be for NES one priority identical); 

· multidimensionality (4D, i.e. – three-dimensional spaces plus historical aspect); 

· synergetic (joint application of language means of various scientific disciplines for the uniform geoinformation-cartographical description and modeling of the processes proceeding in NES);  

· continuity of monitoring of changes of parameters of the natural-economic environment;

· priority .

The principle of universality of geoinformation mapping makes rigid demands to structure of thematic directions (vectors) of mapping and the semantic maintenance of base maps in interests of the subsequent all-round and as much as possible full characteristic of a condition and dynamics of parameters regional NES.

Real spatial-temporal scales, on which NES represent itself as complete geographical structures, can be various. However in practice a spatial scale numbers of topographical (and thematic) mappings are strictly certain. Modern high-resolution the space information allows to build cartographical models at all scale levels, beginning from scale 1: 5000 and more finely. In this connection studying and mapping NES (at use space images) is possible on two equal in rights information approaches: from large scales to fine and from fine to large. Revealing of natural both anthropogenesis objects, and their systems, on space images of various scale and in different spectral ranges provides increase of reliability recognition, universality and pithiness of mapping. 
However it is frequent at interactive recognition on space images of unknown or complex genesis phenomena what are NES, methods "direct" and "latent" classification are useless. In this case nothing remains to the researcher how to involve for the regional geo-system analysis as much as possible full volume of semantic characteristics of objects “covered” with a distinguished area (geographical structure), and also all available at the disposal of an arsenal multi-scale and multi-spectral space scenes. It provides “connection” of additional heuristic mechanisms at interpretation of the represented objects and their properties. For a designation of process of revealing of genesis and a way of functioning NES on the basis of the interactive regional icon analysis with attraction possible full complex of remote images and the semantic information it is offered to enter new concept: recognition NES by a principle of joint action, or – synergetic classification. Revealing NES of a different hierarchical spatial-temporal level on multi-scale to images can be defined as recognition by a principle of convergence (lat. convergentio – a convergence), or – convergence classification. Application of means of the automated classification and interpretation of ERS data, at mapping NES has rather limited frameworks. In this case «a method of standards» are more effective than means of the automated allocation of areas with similar structurally-textural attributes. Thus, at mapping NES it is necessary to apply principles geo-system, synergetic and convergence recognition and classification, based on the interactive, partially automated analysis of detailed space images structure.
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Fig 2. The GIS-complex for purposes UGM of subjects of the Russian Federation

Creation of the Russian Federation infrastructure of spatial data is inalienable from practical realization of idea of the state universal geoinformation mapping (SUGM) and creation on its basis of universal geoinformation space – Digital Russia. In this connection the great value has application and the further perfection of a universal home cartographical program complex the "Panorama" to the greatest degree adequate to traditions and conditions of digital mapping, developed in our country. First steps on becoming the state universal geoinformation mapping the Russian Federation are undertaken FGUE «State center “Priroda”» in process development of geoinformation system «Drugs» within the limits of the corresponding Federal target program. Now space photo-maps of scale 1: 100 000 are created on the basis of original technology of the updated digital topographical maps and the actual space data connection. As results for the first time space-maps databases of Russia is carried out by means of a native GIS-complex “Panorama” and special software “ATLAS-REGION” interfaced with it (fig.2). 
So, in immediate perspective creation of «The Complex Program of the State Universal Geoinformation Mapping of the Russian Federation», like Program CSMNR the USSR 80th years is actual. Such program will promote the organization of inter-branch activity on formation of information-cartographical basis of geoinformation space of the Russian Federation – to Digital Russia. In a context of a paradigm of the Digital Earth results of the state geoinformation mapping of subjects of the Russian Federation are intended for their inclusion in a general plan of evolution all-Russian (Digital Russia) and world information process. 
� Universal geoinformation mapping always is "complex", the return – is not true.





