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The end of XX - the beginning of XXI centuries are marked by the certain revival of space activity after remarkable recession after the end of the Apollo program. On the one hand, it is shown as revival of the permanent lunar base project, by development of the man flight to Mars, space mission to Pluto, flights for Mercury and Venus space explorations. On the other hand, all these works are developed under new technical and technological methods by means of the DB, GIS, Internet, by development and updating of software packages. These cardinal changes have touched also cartography of extraterrestrial territories (planetary cartography). They have demanded revision of requirements and approaches with the purpose of the analysis of what is already presented, and also prospects on the future. In this connection it is possible to underline three periods in the planetary cartography, namely pre-space, modern and the newest one. (Fig1.)
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Fig 1.  Three main periods on planetary cartography

Pre-space period (XVI - the middle of XX century) includes drawing up of maps on the base of ground observations (visual, visual and photographic telescopic, in various spectral bands). During this period the Moon was the basic object of mapping. Its closeness to the Earth and absence of the  atmosphere have allowed to make tens maps and atlases of the visible hemisphere of the Moon. Maps of the Moon with coordinate grid have been done on the basis of the control points catalogue. Details filling of some maps corresponded to maps of scale 1 : 1000 000. The Moon thematic mapping  had been developed in global scales. For Mercury and Mars albedo maps have been made only. The map of Venus was hypothetical because of the high density of the atmosphere. Mapping of small bodies, and also satellites of giants-planets was not possible to represent by ground observations.  

In the modern period (60-s' - the beginning of 90-s' years of XX century) could be named three main directions. One of them is represented by the maps created as a result of the analysis, generalization and specification of data about the bodies of the Solar system received by principal observatories of the world. In particular, as a first step to maintenance of landing to the Moon under the Apollo program the Moon map on a visible hemisphere have been made on the base of ground observations data. There was Lunar Astronautical Chart (LAC) at scale 1: 1М on the 44 sheets, and Аpollo Intermediate Chart at scale 1:500М on equatorial area on 20 sheets. Other direction is closely connected to development of the radar-location methods. It has allowed to carry out corresponding observations of Mercury and Venus. On their surface craters have been found out. The first maps and maps-schemes of Venus sites have been made. In parallel with this work from the end of 60-s' years the third direction began, namely drawing up of maps on data of the space surveying executed by flyby body, at flight (even with return to the Earth), at finally, from an orbit of the artificial satellite and from a surface of a body after soft landing to its surface. Images of photographic, photo television and television surveying were transferred to the Earth where they were processed with methods of analytical photogrammetry, demanded on updating in connection of the surveying conditions and opportunities. At the beginning all efforts have been concentrated on the Moon exploration. Processing of the first surveying of the Moon far side has allowed to make for the first time maps and atlases on this hemisphere, and also the first maps on the Moon as a whole. During this period common control points networks were build, the most suitable projections were selected, methods of the photogrammetry processing were improved. Surveying from the Moon artificial satellite (MAS) orbits gave data for a choice of landings sites and drawing up of complete sets of large-scale (scale 1:25К) maps. Landing to the Moon of the first automatic moon station and self-propelled devices (lunokhod) has allowed to make the first topographical plans and to receive representation about a micro-relief of the Moon. Surveying from MAS orbits enabled to make also complete maps of the Moon at various scales (the largest was scale 1:2. М). Series of maps at scale of 1:250К on 25 percent of a visible hemisphere surface have been made by processing of surveying with Apollo spacecraft. Mars surveying and also radio-profiling and a radar-location of Venus according to the orbits of MAS and VAS have allowed to make as surveying maps of these planets and maps of separate areas in the large scales. For Mars there was the map at 1:5М scale on 30 sheets and some maps of sites at scales 1:1М, 1:500К, for Venus - also a map of 1:5М scale on 30 percent of a surface on 27 sheets. As a result of spacecraft landings on Mars and Venus surface the first topographical plans of these planets have been created. Spacecrafts flights to giants planets have made surveying of Jupiter Galilean satellites, some satellites of Saturn, Uranus and Neptune. It had become possible to make maps of scale 1:5М on the surveyed areas.

The newest period (90th years of XX century - the beginning of XXI century) is remarkable for increasing potential opportunities of mapping due to development of computer technologies, digital mapping, three-dimensional surface modelling, Internet, and also the progress of space technique and intensity of flights. Radar-tracking surveying of Venus from the VAS orbit was conducted since 1990 till 1994. It has delivered to the Earth an extensive volume of data not only for general, but also for thematic mapping, and also for Venus digital map. After an interval caused by a number of unsuccessful starts to Mars in the beginning of 90th years, the program of Mars researches has been continued, and the new data, including for planet mapping have been received. The digital maps of Mars has been placed in the Internet, models of a relief are constructed.

Start of the spacecraft “Clementine” to the Moon in 1994 has expanded opportunities of thematic mapping of the Moon in various spectral bands in global scales. There will be necessary to organize new projects for the creation of topographical maps of the Moon.

Programs on studying of giants-planets and their satellites, and also asteroids and comets have led to occurrence of JAS and SAS near the Jupiter and Saturn accordingly, which gave large volume of data for mapping of some satellites. For the first time surveying of an asteroid from its orbit (asteroid EROS) has been done.

As a whole the results on planets and their satellites mapping are shown in the Table 1.
Table 1
	Mapping Production

  
	Images* 
	Topo-plans
	Maps
	Atlases
	Globes


	
	
	
	General
	Thematic
	Photo
	Maps.
	

	Celestial bodies
	
	
	
	
	
	
	

	Mercury**
	+
	
	+
	+
	+
	+
	+

	Venus
	+
	+
	+
	+
	+
	+
	+

	The Earth
	+
	+
	+
	+
	+
	+
	+

	The Moon
	+
	+
	+
	+
	+
	+
	+

	Мars
	+
	+
	+
	+
	+
	+
	+

	Phobos
	+
	
	+
	+
	+
	
	+

	Deimos
	+
	
	+
	+
	+
	
	

	Asteroids***
	+
	
	+
	
	
	
	

	Jupiter
	+
	
	
	
	
	
	

	J.moons***
	+
	
	+
	+
	+
	
	

	Saturn
	+
	
	
	
	
	
	

	S.moons***
	+
	
	+
	
	
	
	

	Uranus
	+
	
	
	
	
	
	

	U.moons***
	+
	
	+
	
	
	
	

	Neptune
	+
	
	
	
	
	
	

	N.moons***
	+
	
	+
	
	
	
	

	Pluto***
	+
	
	
	
	
	
	

	P.moon***
	+
	
	
	
	
	
	

	Comet nucleas***
	+
	
	+
	
	
	
	


* - the images received by various kinds of surveying (photo, TV-, a radar-location, etc.)

** - not all territory

*** - separate heavenly bodies, parts of territory

It is necessary to emphasize, that application of planetary remote sensing allows to create cartographic products in various scales limited only by the sizes of unit of the base image (pixel). On the one hand, use of modern technologies of images processing allows to  obtain cartographical products at various scales on the base of one source (semi-automatic generalization), on the other hand, it is possible to compile the synthesized maps on the base of  numerous data (for example, creation of digital model of Mariner Valley canyons system on the long-term observation data) (fig. 2).
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Fig.2 Digital model of Mariner Valley canyon

Besides experts carry out researches in the field of development on new projections for more exact and visual representation of the Solar system bodies on maps (morphographic projections, three axial ellipsoid projections). Used in general cartography GIS technologies on the analysis and visualization of the spatial information can be used for the practical application in comparative planetology. The first examples of GIS use in planetary cartography were discussed at Workshop 2003 of ISPR (Holland). However, development and a wide circulation of digital technologies and as result – creation of digital maps, should not stop release of printed maps of the Solar system bodies. Stages of printed and digital maps creation pass frequently in parallel ways. It seems that in the future these processes should be integrated, that will allow to create exact printed maps, and at the same time - digital maps, intuitively clear to the broad audience of users with a different level of preparation.  

The newest period simultaneously is also the period of formation of extraterrestrial territories geography. One of the key moments of the present stage of mapping of planets is significant volumes of the obtained and processed digital data. The question above which scientists should work in the field of planetary cartography is a description and systematization of the data and maps for their more effective storage in the geodata bases, and development of the planetary data models. In the case of successful work and integration with experts from other fields it will be able to deliver base planetary data (as images, topographical maps of planets) to users (both scientific and usual users) which help to analyze of the data and represent the new unique results. 

Distribution of the information through the Internet became the following step in creation and representation of results on planets mapping. For today already there are some websites presented interactive maps with geographical extent, basically, bodies of terrestrial group (Venus, Mars, Mercury). PIGWARD website offers three explorers depending on the users proficiency with a various set of means for data exploration. The Internet at the present stage allows to popularize the data, and also acts as shop, for example, for maps sale. In the future the level of interactivity between the user and the planetary maps will be increased. Also Internet will be used more actively for communication between planetary cartography scientists and allow organizing grid data storage and distributed system.

The analysis of planetary cartography evolution allows to make the following conclusions: 

1. Extraterrestrial mapping was conducted and continues to conduct basically according to technical and financial opportunities. As a result cartographic products are frequently sketchy; do not give a full picture. Digital maps exist not for all bodies.
2. There are no developed and accepted international standards on planetary cartography (sheets division maps, system of symbols, metadata, terrain models, and etc.). 

3. Processing of the primary data is conducted by narrow circle (group) of persons of the scientific community (USA’s scientist in participation with experts from some European countries and separate scientists of Russia and the CIS countries). 

4. Achievements in the planetary cartography are presented insufficiently on the Internet, which at the present stage does not promote popularization of this direction of researches.  

5. There are practically no educational elements on a «geography of extraterrestrial territories » subject at school and high school programs.

In perspective it is necessary to develop the complex program of the Solar system bodies mapping which would include modern DB and GIS creation with using of the international standards. This program should provide also opportunities of Internet using, and separate bodies digital mapping. Besides it is necessary to provide variants of the planetary maps edition, translation of standards into other languages, creation of the multilingual glossary on planetary cartography.

In particular, the possible effective decision of the discussed in the paper issues can be in the creation of an Internet-resource as the catalogue of links to all projects connected to planetary cartography (GIS, DB, unprofessional websites, space programs and scientific organization websites). On this resource there can be a system of user source registration and the control of “vitality” of a resource that help to hold the catalogue in actual state and involved the increasing quantity of the interested users. According to the norms of the international space rights the information on extraterrestrial territories belongs to all human community, therefore, it is desirable, that the information of a source was a minimum in two languages (except for English-speaking sites) - native and English. 

The planetary cartography problems mentioned above first of all face to the corresponding commissions and working groups of such international organizations, as ISPRS and ICA. Coordination of efforts of these groups is necessary for the successful decision of problems.
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