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The respect to a country begins from attention to its territory imaging on geographic maps. The territory of Russia is very large, especially from east to west, so projection selection essentially influences on the cartographic face of the country. Quite a number of remarkable projections for maps of Russia and the USSR have been developed. Lots of maps were prepared on these projections, and they might be included into geographic data circulation; new maps also may be created. Russian map projections are not always presented enough in GIS-technologies and this leads to non-optimal solution for some cartographic problems and even to errors. Choosing a projection for a new map allows some freedom, projection recognition for existing map requires precision. A map in GIS-media always gets coordinates and wrong projection definition may cause loss of data significance.
Map projections must be easy for wide practical use. The 1957 Atlas for Selection of Map Projections [2] was the most handy for a long time. It included formulas, tables of rectangular coordinates and linkage between projections and geographic regions. Through 50 years the Atlas keeps actualite as a link between fundamental theory of cartographic projections and their practical usage, i.e. between cartographic and map projections. However, the information about Russia map projections presented in the Atlas is not full and not everything is stated simple enough. Additional material on the theory of Russian and Soviet cartographic projections may be found in paper [5].
The most commonly used projection for small-scale maps of Russia and the USSR is conic projection in normal orientation with true scale along all meridians and two standard parallels (Equidistant Conic). In Soviet publications on mathematical cartography it is mentioned as Delisle projection [3]. It seems to be first applied for the General map of Russian Empire (Kirilov’s map, 1734) and then for the map of Russia in the Atlas published in 1745. The face of our country on geographic maps, usual for the present-day view, was mainly formed exactly then. Creation of these maps was anticipated by selfless land-surveyors’ work. They succeeded not only in land exploration, but also in coordinate description for the data obtained.
The projection choice is not groundless. Delisle projection’s advantages noted by Euler [7] consist in equality of latitude degrees, true proportion between longitude and latitude degrees for two specially selected standart parallels and ortogonal crossing of parallels and meridians. Simple geometry of graticule on projection was important for that time. Straight meridians allow every map part to be copied as a separate map.
Standard parallels on Delisle projection may be different and they are usually not shown on maps. A web-application is developed and published at GRC IGRAS site (http://www.geocnt.geonet.ru) determining conic projection parameters using entered rectangular coordinates of selected trapeze:
· The latitudes of the north and south standard parallels are necessary parameters but it is impossible to define them visually.

· The longitude of the central meridian is also one of necessary parameters in many cartographic programs and very it often may be defined visually

· Longitude proportion coefficient, radius of the Equator on projection, latitude of the minimum scale parallel may be useful for studying and comparison of projections.

· x, y coordinates of the intersection point of the central meridian and the south parallel of your trapeze may be used in description of projection for vector or raster maps.
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Fig.1. Sample trapeze used in the program
This application allowed us to provide a superficial projection analysis for the ancient maps mentioned above. It was found that their parameters differ and don’t match parameters pointed in literature. Full map projection description suitable for GIS software allowes GIS-technologies usage for comparative analysis of old and new maps.
Materials related to map projections are accessible now due to Internet. It’s enough to have a reliable source with necessary paper titles. We used book “Memorials of Native Cartography” by V.S. Kusov [4] for antique maps search. Estimap site gives an opportunity to get acquainted with the Atlas for Selection of Map Projections. Primary oriented at map composers, the Atlas was useful while programming projections for automated map creation technologies. Of course, it doesn’t contain information about modern computer and GIS technologies. Comfortable usage of map projection bases not only on accessibility of its parameters, but also strong link between projection and popular GIS-software. To provide such a link, we should define methods of working with projections in GIS-software products with ArcGIS, MapInfo and GeoGraph GIS as examples.
Map projection may relate to coordinate description of certain data set. In different products this set may be named as layer, table, theme, coverage. We’ll use layer term. A layer is usually formed by thematic (settlement, hydrography, relief etc) and geometric (point, line, area object) features. Projection may be defined for representation of different layers in unified coordinate system. In different products it is projection of map, frame, view. We’ll use map term. If projection of adding layer differs from map projection, then layer coordinates are dynamically recalculated onto map projection. It’s also possible to transform layer with result saving, i.e. to get a layer with the same objects on new projection. So, projection may relate to layer, to map or to transformation. ArcGIS allows you not to define projection for a frame containing layers on different projections. This gives an opportunity to compare these layers visually. GeoGraph GIS doesn’t have such a feature – if at least one layer is on projection, the map also gets projection, and other layers will be dynamically transformed.
Also it’s possible to change layer projection without recalculation of its coordinates, i.e. projection substitution. It is necessary in case of wrong projection definition or its absence. This substitution also allows change the meaning of layer objects. While getting distortion figure in web project it was used to convert parallels into lines of equal zenithal distance. First, parallels were got for equidistant azimuthal projection in polar aspect. Then projection was substituted by oblique azimuthal projection with pole and coordinate origin in the centre of examined territory (N 60°). In GeoGraph GIS and ArcGIS projection substitution may be provided by changing projection description file. In MapInfo this operation is possible only through editing of interchange file (MIF/MID) [8].
Every product supports certain set of projections. In different GIS products the same projection may be presented in different ways. This difference consists in projection name or in projection classification. Last years we can see a trend to more close approaches to projection list forming. Most of GIS products have special text files for projection description. These files contain not only projection name but full set of parameters defining coordinate system of a map. ArcView is an exclusion from this rule because it allows only setting projection parameters in dialogue and it can save these parameters in project properties. Projection description files in GeoGraph GIS and ArcGIS may be created in dialogue mode. MapInfo works with text file mapinfow.prj, which contains parameters of all available projections. It’s impossible to set custom projection parameters within the program, only selection from the list is available. While there is no line with required parameters in the file, you should create the line according to certain rules [8]. Without such a line the projection related to the layer can not relate to a map, but can relate to transformation.
Let’s divide parameters of map coordinate system into two groups: common for all projections and specific ones for certain projections. Projection name may be nominative (Gauss-Kruger), or define projection properties, such as method of construction, distortion features and projection aspect (Equidistant Conic), or even combine both functions (Lambert Azimuthal Equal-Area). Distortion features for a projection chosen from the list are usually predefined; projections with different types of distortions are not united under common name. The “pole” of projection may be presented in projection name in different ways. ArcView allows custom setting of projection pole latitude for Azimuthal Equidistant projection, MapInfo supports two variants: Azimuthal Equidistant (all origin latitudes) and Azimuthal Equidistant (polar aspect only). GeoGraph has three variants of Azimuthal Equidistant projection: normal, transverse and oblique. Extreme cases of oblique aspect (equatorial and polar) give the same result as transverse and normal aspects respectively.
In program products a projection code corresponds to one or several projection names. Some text projection description files contain such code.
Central meridian is an obligatory parameter of coordinate system in all products. As a rule the longitude of central meridian is count from Greenwich, but some products allow setting another prime meridian. ArcGIS has a list of prime meridians and a possibility to define custom longitude. Using MapInfo, you can set longitude of prime meridian arbitrarily. GeoGraph GIS has no opportunity to set non-Greenwich prime meridian directly, but this issue can be settled technologically by projection substitution for layers added to map with non-zero prime meridian. Prime meridian longitude count from Greenwich is subtracted from central meridian longitude. For Ferro prime meridian you should subtract
-17.666666.
GeoGraph GIS by default interprets coordinates of projected layer as millimeters in map scale. Arc GIS is also able to interpret a layer in custom units due to special coefficient in projection description file. If the value of this coefficient is not 1, then the projection related to the layer can not relate to a map, but can relate to transformation.
Latitude of origin and longitude of central meridian define the origin of map coordinates. False easting and false northing (or x-shift and y-shift) set map position related to this origin. For example, for the 7th zone of Gauss-Kruger projection (where central meridian is 39°E) latitude of origin is usually set as 0°, false easting 7500000 meters and false northing 0 meters.
Some projections require setting of specific additional parameters. For instance, equidistant conic projection requires latitudes of standard parallels. Using GeoGraph GIS, you can set a longitude proportion coefficient and radius of the Equator on projection instead of standard parallels. This is more convenient for projection choice and analysis.
Objects in a layer may have rectangular or geographic coordinates. Rectangular coordinates may be on map projection or in undefined coordinate system. Modern products have geographic coordinates (longitude/latitude) included in general projections list.
Raster image registration is carried out with special reference file or is a part of raster file (GeoTIFF). Such a reference file (of text type) in ArcGIS and ArcView contain information about origin point, horizontal and vertical scale, and rotation angle [9], but ArcView ignores that angle. GeoGraph GIS has its own non-text reference file. If this file doesn’t exist, it is automatically created on first loading of raster and it is changed on raster transformations. GeoGraph GIS also can use and create ESRI reference files. GeoGraph GIS can perform dynamic raster transformation (shift, horizontal scaling, vertical scaling) or creating new transformed raster image (transformations using set of tick points and map projection transformations).
MapInfo creates reference file on raster image registration. It is possible to define projection and geographic coordinates of selected points. This registration links raster image to vector layers, but it doesn’t allow even dynamic transformation.
The analysis of GIS products allowed us to add a function of projection description files generating to our web-application determining conic projection parameters. The program generates files for ArcGIS, MapInfo and GeoGraph GIS. We also could create a list of most commonly used projections (with their parameters) for small-scale maps of Russia and the USSR and put it into another web-project, illustrated with maps and containing information about setting these projections in ArcGIS, MapInfo and GeoGraph GIS (see http://www.geocnt.geonet.ru).
The project includes maps in following projections:
· Kavraisky Equidistant Conic projection (10)
· Nefedova Equidistant Conic projection for the map of Russia and contiguous countries at scale 1: 2 500 000, 1999
· Lambert-Gauss Conformal Conic projection (12)
· Equidistant Conic projection for the map of the USSR at scale 1:2 500 000, before 1999
· Krasovsky Equidistant Conic projection (11)
· Soloviev Oblique Perspective Cylindrical projection (15)
· Oblique Perspective Cylindrical projection by Central Scientific Research Institute of Geodesy and Cartography (13)
· Variant of projection for General Map of the Russian Empire, 1745

Numbers in brackets given corresponding to the 1957 Atlas for Selection of Map Projections.

A fragment of vector world map with base scale 1: 50 000 000 was taken as a base map for the project. It contains following layers: countries, settlements, hydrography (linear and area objects separately), islands out of scale. Common frame and graticule were created for maps in conic projections, and special ones – for every of cylindrical. Additional layer with distortion figure [6] was created showing the shape transformation of circle on the Earth on projection. As distinct from the Tissot indicatrix this method allows estimating not only local but general distortions over the area of interest. Moreover, common frame for conic projections also can be used as a distortion figure.
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Fig.2. Map on Lambert-Gauss Conformal Conic projection
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Fig.3. Map on Oblique Perspective Cylindrical projection by CRIGC.

ArcGIS and MapInfo do not support oblique perspective cylindrical projections, though it is quite not difficult to include these projections into a software product.

The map named “Variant of projection for General Map of Russian Empire, 1745” differs from others by layers set and by mean of selecting the map projection. The base of this map is raster image copied from Open Russian Electronic Library (http://orel.rsl.ru). Electronic map contains two layers of point features for settlements: “well-known places”, created according to geographic coordinates given in the preface to the Atlas of the Russian Empire, 1745 [1], and a layer of corresponding settlements from modern map. Two modern hydrographic layers have been also added to the map. They are: discharged linear layer of rivers and area layer of seas, lakes and wide parts of rivers. Another layer containing modern coastline expands the opportunity of research for map coverage of territory and means of ancient map preparation. For example, Novaya Zemlya islands have been shown with ice fields on General map. Astronomically defined “well-known places” correspond well with modern settlements (Fig. 4), those ones, defined by documentary sources, correspond particularly.
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Fig. 4  Petropavlovskaya Gavan’ (red) and Petropavlovsk-Kamchatsky (green)

Coordinates of settlements “obtained while the map preparation” differ from modern ones, but positional relationship between these settlements, rivers and coastline is preserved.
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Fig. 5   Arkhangelsk and Northern Dvina.

Map projection was defined using the program described above with trapeze from right part of the map to avoid influence of scanning defects, which, obviously, were the consequence of inability to open the map completely. Raster image was transformed by local-affine algorithms using graticule nodes as tick points. This made possible to reduce some scanning defects. While matching the layers it was considered that longitude for General map had been counted from Ferro isle (17°40´ W). Good matching of “well-known places” layer proved that map projection was defined correctly.
The web-project was created on the base of GeoConstructor Web using the maps created in GeoGraph GIS. GeoGraph GIS 2.0 and GeoConstructor Web 1.0 are products of GIS Research Center, Institute of Geography, Russian Academy of Science. GeoGraph GIS is a professional GIS, GeoConstructor Web is a web-publisher for maps created in GeoGraph GIS.
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