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Space IMAGES In CARTOGRAPHICAL PRODUCTS
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V. I. Rjabchikova, S. V. Krivov
PKO “Cartographija”, Moscow, Russia
One of perspective methods of introduction achievements of astronautics in cartography is use of space information at creation of cartographical products which can be developed as for territory of our country and its separate regions, and on the countries, continents and the world as a whole.
Use of the space information at creation of cartographical products is carried out in several directions. Space pictures can be used for updating topographical and geographical bases; as a source of the special content of thematic maps; as an independent source of the information on the nature and economic development of various territories or as a source essentially supplementing the information which was received by other methods; as a photo art illustration of shape of various areas of the Earth. Besides, atlases-albums which show opportunities and methods of the space information use at the decision of various problems have gained ground. The tendency of creation of space images atlases on territory of the separate states and their large regions was outlined. For example, such products are created in China, Germany, the USA, etc.
In our country the extensive fund of domestic space pictures of various kinds is collected for territory of many areas of globe and Russia, methods of processing of the space information are developed, significant experience of application of the space information is collected at studying natural resources and social and economic objects.
Space photo images of a terrestrial surface now even more often are located in large cartographical products: complex world, national and regional atlases, and also some thematic (branch) atlases and series of maps. Inclusion of space images in Atlases essentially improves quality of cartographical product. Space images display many geographical aspects in some cases better, rather than maps, and in other cases – essentially improve interpretation of a theme together with maps.
In our country several large cartographical products are developed in which space images are presented widely enough. They are: “Atlas of Snow and Ice Resources of the World”, the atlas “Resources and Environment World Atlas”, the electronic atlas “Our Earth”, the National Atlas of Russia (volume I “General Characteristic of Territory” and other volumes), “Geographical Atlas of Russia». At creation of these products a big work was done on development and realization of the atlases air and space provision concept.
In the “Atlas of Snow and Ice Resources of the World”, developed by Institute of Geography of the Russian Academy of Sciences under V. M. Kotljakov's edition, the illustrative part of the Atlas (the first volume) includes photos, air-and space pictures of snow-ice objects of the globe. The illustrative part is located in the end of thematic cartographical sections of the Atlas before the explanatory text. Illustrations are picked up so that the reader could get idea about processes and phenomena shown on maps of the Atlas. The illustrative part of the Atlas occupies 15 pages. On each page 8-10 photos (ground photos and space pictures), the most typical for the specified region (the Russian Arctic regions, Caucasus, Tien Shan, etc.) are given. In the Atlas fourteen domestic space images, one American space picture; four domestic and also three American aerial photographs are presented.
Second volume – the integral part of the Atlas – represents the scientific monograph in which the circle of ideas and the natural objects which have found reflection on maps of the first volume is considered. There scientifically-methodical bases of snow-ice resources research are stated, the analysis of the main laws of their distribution and a mode is given, recommendations on use are resulted. The volume is organized by the thematic principle approximately corresponding to the list of thematic sections of the Atlas. In the first book of the second volume questions of mapping the snow-ice resources of the world are taken up. The second chapter of volume is devoted to questions of the space information use at drawing up maps of glaciers morphology (Pamir, Karakorum, etc). The text is illustrated by space pictures of glaciers, schemes of deciphering, tables, etc. Authors are: V. I. Kravtsova, N. M. Zverkova, L. V. Desinov and other employees of Institute of Geography of the Russian Academy of Sciences.
The two-volume complex atlas “Resources and Environment World Atlas”, developed by Institute of Geography of the Russian Academy of Sciences under A. A. Ljutyj's edition, includes the interconnected and complementary series of maps, texts and space photo images. The atlas consists of four sections: The Earth and Space; Evolution of the geographical environment; Structure and resources of the geographical environment; Anthropogenous factors of the geographical environment change.
In structure of sections and subsections of the Atlas “Resources and Environment World Atlas” are allocated special blocks of the space information which purpose was the acquaintance of readers with opportunities and methods of the space information use for studying and mapping of the global, regional and local phenomena of our planet. Space images make the general thematic blocks with maps of sections of the atlas which are interconnected by the uniform concept and overall aims.
The program of space provision of the Atlas “Resources and Environment World Atlas” is developed and realized by Institute of Geography of the Russian Academy of Sciences and the State Research and Production Center “Priroda” of Roskartographya.
The first section “Earth and Space” includes 14 space images of the Earth, the Moon, Mars and Venus. The second section “Evolution of the Geographical Environment” contains 36 maps and 18 space pictures. The third section “Structure and Resources of the Geographical Environment” contains 146 maps and 124 space images. The fourth section “Anthropogenous Factors the Geographical Environment Change” includes 50 maps and 51 space images.
In the report we shall consider in more detail the theme of the block “Zone Types of Landscapes on Space Images” of subsection “Biosphere” formation in the section “Structure and Resources of the Geographical Environment”.
By development of the block “Zone Types of Landscapes on Space Images” content the following purposes were pursued: To acquaint the reader with various kinds of the space photo information; to show the reader landscapes and their morphological structure; to show features of natural complexes changes within the limits of landscape zones; to illustrate the separate plots content displayed on small-scale charts of given subsection of the Atlas.
The space information block of the subitem “Biosphere of the Earth” occupies in the atlas 18 pages, 8 of them are unfolded (double) sheets of the atlas, and include seventy two space pictures. Selection of the Earth landscapes space images is carried out by zonal-sector principle according to the map “Zone Landscapes and Their Bioclimatic Potential” (author A. G. Isachenko). The geographical binding of space images was carried out according to the map “Physical-Geographical Zoning (Sectors and Countries)” (author A. G. Isachenko).
The basis of the space information block in the given section is made with high-quality space information received from domestic automatic space vehicles of the series “Kosmos” (Resurs-F), and also the information received from piloted spacecrafts and long-term orbital stations.
The most informative for the given problems solving were spectrozonal space pictures. In this block the spectrozonal space information was used, executed by long-focus large-format cameras KFA-1 000. Scale is nearby 1:200 000 – 1:270 000. Also here the spectrozonal space information received by polyzonal camera MK-4 was used. Scale is nearby 1:550 000 – 1:1 500 000. The synthesized images received as a result of initial black-and-white negatives special transformations of polyzonal space shooting, also have found a worthy place in this block of the space information.
At realization of this subsection of the atlas space provision concept the space photographing materials self-descriptiveness and property of the space photo information were considered (visibility of significant territories and in this connection an opportunity to study large natural complexes as single whole; objective optical generalization; identical level of the information on greater territories at simultaneous shooting; presence of the information on the distant areas, inaccessible or remote for research by other means, etc.).
Evident and high informative space images presented in the block of the subsection space information, only in a small degree reflect extremely big variety of landscapes of our Earth. The space photo information has enabled more objectively to estimate the modern condition of landscapes, character and degree of anthropogenous broken stage; to define an ecological condition of natural territorial complexes and nature protection objects – the national parks and reserves; to see territorial distribution of adverse natural processes and the processes caused by economic activities of people in this or that region (for example, deforestation, desertification). Overlapping of interpretation logic and space images descriptions with legends of maps and maps themselves has allowed opening the author's plan of the last more full.
The space information in the National Atlas of Russia.
By development of the National Atlas of Russia Concept, the Concept of the first volume “General Characteristic of Territory”, Concepts and Programs of thematic volumes of the National Atlas of Russia the big attention was given to inclusion of space images in volumes of the Atlas. In four volumes of the National Atlas of Russia the use of space shootings materials belonging to Roskartographya, the Federal Hydrometeorology and Environmental Monitoring Service, the Ministry of Natural Resources (VSEGEI), the Russian Academy of Sciences (Institute of Geography of the Russian Academy of Science) and other organizations owning the space information is planned.
Necessity of inclusion the materials of space photographing in the National Atlas of Russia as a whole and in the first volume, in particular, is proved in the Concept of the National Atlas of Russia and the Concept of the first volume of the National Atlas of Russia “General characteristic of territory”.
The concept and realization of space content of the first volume of the National Atlas of Russia have been conducted in the State Research and Industrial Center “Priroda” and the Main Editors of the National Atlas of Russia.
The urgency of the space information use in the National Atlas of Russia is caused also by requirements to provide high quality, reliability, actuality and design of separate volumes as well, as of the National Atlas of Russia as a whole.
The basic purpose of inclusion the space pictures in the first volume of the National Atlas of Russia is provision of a high scientific and technical level of the National Atlas of Russia content as a whole and the first volume, in particular, due to granting to readers of the atlas the original, distinct from cartographical, high-quality information on terrain. Space pictures are an independent source of the information on territory of Russia, a source essentially supplementing the cartographical information, and also are an art illustration of various areas of our country portrait.
The basic requirements to the space information represented to the first volume, were: High contrast and high quality of images, prevalence of colour images; cloudiness no more than 10–20 % of the picture area; summer period of shooting.
Space images of the first volume of the National Atlas of Russia are included in section « Geographical Regions and Seas Washing Territory of Russia».
Space images are placed as three blocks in the end of regional subsections – the European part of Russia, the Asian part of Russia, the Russian sector of Arctic regions. It allows emphasizing an independent role of space images in the first volume and besides it is effective from technological positions.
Schemes of pictures arrangement are located on pages with fly titles of volume subsections . The arrangement of space pictures within the limits of regions of Russia (the European part of Russia, the Asian part of Russia, the Russian sector of Arctic regions) is presented on three pages of the atlas.
"Space" pages of the atlas include space images, summaries to them and address maps.
For display of some large regions of the country, in the first volume five small-scale space pictures, received with domestic operative space systems of optoelectronic surveillance for  nature-resource, oceanographic and hydro meteorological purpose (space vehicles of “Resurs 01”, “Okean-О1”, “Оkean-О3”, “Meteor” type) with scanning devices MSU-SK, МSU-SК2 (“Resurs 01»), MSU-S, МSU-S2 (“Оkean-01”, “Okean-03”) and MSU-S (“Meteor”) are included.
Small-scale space images of the first volume of the National Atlas of Russia illustrate following territories of our country: The lower Volga region (“Resurs 01”, № 4); Barabinskaja lowland, Kulundinskaja plain (“Resurs 01, № 3”); the South of the European part of Russia (“Оkean-01”); Northeast of the European part of Russia (“Оkean-03”); all Kamchatka peninsula (“Meteor”).
In the prevailing majority in the first volume of the National Atlas of Russia the pictures received as a result of opto-photographic shooting from domestic automatic space vehicles of the space subsystem “Resurs-F” – “Resurs-F1”, “Resurs-F2”, “Resurs-F3” (Table 1) are presented.
At selection of the space information for inclusion in the first volume of the National Atlas of Russia the preference has been given to multispectral images. Multispectral space pictures received by photographing on two-layer colour multispectral film in ranges of 570–680 and 680–810 nanometres, display territory of research in conditional colours. The colour scale of multicolour shootings photo prints, received at photo press behind three filters, comes near natural colours. The contrast mosaic of these images colour scale, inherent in various types of the landscape, natural and anthropogenous objects, elements of infrastructure, infringements of an environment, allows to differentiate these objects with greater reliability, than on black-and-white space pictures. Borders of objects on these pictures are precise and sharp.
In some cases high-quality black-and-white space images with the precise contrast image were used. Black-and-white images are presented mainly on islands of the Russian sector of Arctic regions and northern areas of Russia. At presence of polyzonal space images their computer processing on creation of the synthesized images was carried out.
The automatic space vehicle «Resurs-F» provides reception polyzonal and multizonal information from height of 240-355 km. There are six film-making systems mounted: The star camera; three-camera polyzonal complex KATE-200 with a picture size18(18 cm; two long-focal-length large-format cameras KFA-1 000 with a picture size30(30 see.
Three-camera polyzonal complex KATE-200 provides reception of polyzonal video information with the spatial resolution 15–30m at width of a shooting strip 144–213 km.
In the first volume of the National Atlas of Russia are presented 7 space images received by space apparatus KATE–200.
Photographic system KFA-1 000 has original scale of photos nearby 1:200 000–1:270 000. The ground resolution is 6,0*m. Width of a shooting strip of – of 144–213 km. The area displayed on one frame is nearby 6 500 км2. High resolution of this information enables the big enlargement, thus quality of pictures essentially does not vary.
In the first volume of the National Atlas of Russia the greatest quantity of the images received by space camera KFA–1 000 is presented. They occupy 32 pages in the Atlas.
The automatic space apparatus “Ресурс-Ф2” is equipped by the star camera and polyzonal cameras MK-4. A photo system MK-4 has four spectral channels, allowing carrying out synchronous polyzonal and multispectral photographing of the Earth surface with high geometrical and photometric characteristics. Format of frame – 18(18 sm. Abilities of “Resurs-F2” allow changing repeatedly height of a working orbit from 180 up to 355 km with the purpose of carrying out different scale shootings with various resolutions. Original scale of received images varies from 1:550 000 up to 1:1 500 000 in a strip of shooting from 100 up to 200 km. At scale of shooting near 1:800 000 the ground resolution makes 10–12 m.
In the first volume there are 17 space images presented received by МК-4.
The automatic space vehicle “Resurs-F3” is equipped with two cameras KFA-3 000, allowing to receive images of format 30(30 cm with the spatial resolution of 3 m in scale 1:90 000–1:140 000 and a shooting strip 55–84 km (width of a strip of two frames).
Two space pictures are included in the first volume of the National atlas of Russia, received by KFA-3 000.
In most cases in the first volume of the National Atlas of Russia space pictures of larger scale (in comparison with geographical maps of the given section) are presented. Such scale stipulates for display in pictures of a territory part shown on geographical map of given region. At space provision of the first volume of the National Atlas of Russia both contact, and the enlarged prints of space pictures are used. For example, for an illustration of large cities lay-out, detailed characteristics of territory and objects in large scale, the contact and enlarged space images received by apparatus KFA-1 000 are used. For an illustration of physical-geographical conditions of greater on the area territories the space images received by apparatuses MK-4 and KATE-200 (the contact and enlarged prints) are used.
Preparation for the publication of pages with space images was conducted on the basis of computer technology, uniform for the Atlas, and consisted of work above components of “space page” ( space images, address maps and text materials (summaries to pictures, headings, numbers of pages, inscriptions of scale).
Space images. Made from originals of space images the double-positives or double-negatives were scanned on drum-type scanner TANGO of Linotype-Hell company with resolution not less than 300 dpi and were treated by colour corrections with the purpose of approach the colour rendition to natural. Processing of images was done on Apple Macintosh computers with programs Linocolor 4.2 and Adobe PhotoShop 5.0.
Address maps. Address map is a fragment of geographical map from the first volume. It shows geographical “binding” of objects which are visible on the given space image. Fragments of maps are “cut out” from files with geographical maps records on the territory displayed in a space picture and its nearest vicinities. On an address map borders of the territory displayed in a space picture were indicated. The address map is located on the same page with a space picture and the summary to it.
According to the developed computer technology of compilation the first volume of the National Atlas of Russia, address maps of pages with space images in order to prevent duplication of works were made on the basis of corresponding geographical maps of the first volume in scales 1:2 500 000, 1:1 000 000 or 1:500 000. The scale of an address map gets out according to scale of the space image.
Summaries to space images accompany with all space images and are located on the same page, as the space image. In them help technical data on the space image (a kind of space shooting, a camera, scale of the image) and the brief description of the territory displayed in a picture are given. Summaries to space images illustrate an opportunity of reception on pictures of the helpful information for the geographical mappings purposes and decisions of those or other scientific and practical problems.
Summaries have been prepared for space images of the first volume of the National Atlas of Russia by the experts-geographers well knowing given region or owning sufficient information base on given territory. Author's texts of summaries have been edited with the purpose of unification of their structure and conformity to size of the place allocated for them on page. Final definition of the summary content and its editing were conducted after the first stage of computer imposition of pages at which exact borders of space images and volume of summaries have been certain.
Imposition of pages. After files of all making parts of “space page” have been prepared (raster space images, vector address maps and text summaries) imposition of pages of the atlas by installation of these files on publishing computers of Apple Macintosh series in software package QuarkXPress 4.0 was conducted. Imposition was carried out in view of the general requirements to configuration and design of the atlas as a whole, and specific requirements to pages with space images. The general requirements were set for a format of pages, position folios and headlines on them, types and size of fonts, a back edge size. To pages with space images requirements of accommodation of space images under page edge, combinations on one page of space images, address maps and text summaries, presence of a colour background on margins under summaries, folios and headlines were specific. Thus there were certain difficulties:
1) space pictures have a wide scatter on colour, differ on colour scale from address maps, therefore to choose the uniform background which would be meeting the requirements of design, for all pages was very complex;
2) it is impossible to define at once the sizes of the space image, the address map, volume and content of the summary. These parameters are worked through during installation of page. Space images are located in a place, allocated to it on page of the atlas on a setting-up dummy. Thus the scale of a picture and territorial scope of the image change. Into the space image are inserted a headline and folio.
In this connection imposition was conducted in some stages. As a result of the first stages of page imposition the exact borders of the space image, the sizes of an address map and the summary were defined. On black-and-white printer test on an address map exact borders of the space image were set out, volume and content of summaries were defined, which were finally edited. After that final imposition of page was conducted by results of which colour printer test was done.
After viewing the printer test of the imposed page with space images and its approval by  Control Edit of the Central Cartographic-Geodetic Center (TsKGF), a colour separation was made and output on a film of four colour separated positives (a polygraphic triad + black). Colour separated positives were used for a print of colourful tests and print run. Printer and colourful tests have passed the verification of the Editorial Board of the first volume and the Main Editorial Board of the National Atlas of Russia.
The developed technology has allowed achieving high polygraphic quality of space images with preservation of a natural colour rendition.
Space images of the first volume of the National Atlas of Russia have given representation about physical-geographical features and modern shape of various areas of our country, their economic development, character of large cities a lay-out and natural features of their vicinities. Space pictures essentially differ from cartographical images: They show at the moment of shooting a natural shape of the district, constructed under objective laws of optical generalization, while maps display a terrain in conventional signs on the basis of subjective generalization, frequently with use of information received at different times and not visual (but not less valuable because of it). Therefore sharing cartographical and space photographical images of area will allow a reader to make fuller representation about territory of Russia.
The experience received at work on space provision of the first volume of the National Atlas of Russia, will be used at creation of the subsequent volumes of the National Atlas of Russia.
Space pictures of volume 2 “Nature. Ecology” should illustrate all spectrum of their possible use for studying and mapping of an environment and resources of the country, hydrometeorology, processes and the phenomena, a modern condition of natural, social and economic objects, an ecological condition of an environment, a degree of anthropogenous influence on the nature and natural resources. The structure of volume allows using space pictures in thematic sections (geological-geophysical structure and subsoil resources; relief; waters of a land; snow, ice, frozen ground; seas; soil cover and ground resources; vegetation; landscapes; anthropogenous influences and an ecological situation; recreational resources and wildlife management). Pictures will essentially expand interpretation of the section a theme and will make decorative appearance of the volume more attractive.
In volume 3 “Population. Economy” also is supposed to place air-and space pictures by means of which various types of economic development of territory will be shown and its anthropogenous damage, characteristic features of  settlements lay-out, features of the territorial organization of economic facilities.
Maps of volume 4 “History. Culture” are also planned to be illustrated by space images of cultural and natural heritage objects.
In PKO “Cartographija” it was prepared for edition and was already published the “Atlas Rossii Geograficheskij”. Format of the atlas 43х29,5 (same as the National Atlas of Russia). The atlas was prepared on the basis of geographical maps of the first volume of the National Atlas of Russia “General Characteristic of Territory”. The Atlas has 300 pages, 100 pages from them accounts for the Index. “Atlas Rossii Geograficheskij” is the reference cartographical publication intended for a wide range of readers.
The atlas gives the information both on Russia as a whole, and about physical-geographical regions of the country. The structure of the Atlas includes following sections: The federal structure of Russia; Geographical regions of Russia; Cities of Russia; Geographical data on Russia.
The section “Geographical data on Russia” contains the text reference information on Russia as a whole: Its geographical position, nature, climate, population, cities. The reference information is supplemented with slides and space images.
The purpose of our report is to draw attention of the organizations owning the space information, to search and realization of projects on the publication of space images of the Earth for distribution of this interesting and helpful information to the broad audience of the population.
For example, in 2 005 the result of cooperation between two organizations – “Inzhenerno –technologiceskij tsentr SkanEx” and Non-commercial partnership “Prozrachnyj mir” –had been published magnificent materials with fine space pictures. They are – a Project “The World Heritage from Space” which first result became publication of atlas “The World Heritage in Russia”, including 10 objects, and “The First Release from a Series of Guidebooks” in which as illustrations to the description of tourist routes the space pictures of area with high resolution of 15–30 m received as a result of space shooting during the summer period are used. It is a guidebook “With Space Pictures on Meshchyory Reserved Rivers and Lakes”.
The space images presented in volume 1 of the National Atlas of Russia
“General Characteristic of Territory”,
received as a result of opto-photographic shooting
from domestic automatic space vehicles*
	Characteristics

	Space vehicles


	
	«Resurs-F1»


	«Resurs-F2»


	«Resurs-F3»



	Height of shooting,
km
	240–355 (275)
	180–355 (240)
	275–420 (355)

	Photoequipment and received
photoinformation
	Block of 2

KFA-1 000

Multizonal
	Block of 3

КАТE-200

Multizonal
	4 channel camera

МК-4

Spectrozonal
at 1 channel

Multizonal

at 3 channels
	Block of 2 cameras

КФА-3 000

Panchromatic

	Frame format 

	30х30
	18х18
	18х18
	30х30

	Scale of shooting

	1:240 000 -

1:355 000
	1:1 200 000 -

1:1 775 000
	1:600 000–

1:1 180 000
	1:90 000–
1:140 000

	Ground solution

Black - white

Spectrozonal

Multizonal

shootings, m
	6**


	28**


	12**

10**


	3**



	Width of a shooting strip, km
	144–213
	216–319
	100–200
	55–84

	Spectral

hannels, nanometer
	1. 570–800

2. 570–800
	1. 510–600

2. 700–840

3. 600–700 
	1. 460–690

2. 810–860

3. 515–565

4. 460–510

5. 610–750

6. 435–680
	1. 600–700

2. 600–700


* – The Table is made according to an article “Space apparatuses of opto-photographic surveying and their role in supply of cartographical branch with information” by Lukashevicha E. L., Gorelova V. A., Karpuhinoj O .A. “Геодезия и картография”, (Geodezija i kartografija), “Geodesy and Cartography”. 2005. № 1. p. 32–37.

** – average value of the ground resolution by results of the measurements conducted on the different frames and films.
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