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By the middle of the 1990s, there were no cartographic companies in Ukraine yet which would have used computer hardware and computerized production base for their operations. Most often, use of computers began from technical intuition and the study of foreign-language literature in theoretical, rather than methodological field [1]. Licensed software products have appeared later. During its making, a modern cartographic company had to aim its organizational and practical work at the mastering of progressive technologies used to make high-quality cartographic products within short period of time. It’s worth noting that at that time, computer hardware had a very limited application in Ukraine.

The Institute of Advanced Technologies (IAT) started to work on the scientific basics of electronic cartography and the experimental and practical introduction of geoinformation technologies into cartographic production process.

First (organizational) phase. Organization of computer network and installation of appropriate scanners and plotters helped to solve the first task of the Institute’s development program. During the next years, the technical base was gradually upgraded and expanded. 

The second task is selection of the software which is the most suitable for the performance of cartographic works, its mastering and introduction in the processes of making maps of various scale and content.

In 1995-1996, analysis of the existing software products represented in the world market by different developers (MapInfo, Intergraph, ERDAS, ESRI, etc.) allowed to choose the ESRI software (Arc Info, Arc Press, Arc Map, Arc Gis, and ERDAS) and also the modules developed by the IAT which broaden the user’s options when making and editing maps and preparing them for the publication [2]. 

The following tasks have to be solved in the second phase of mastering and developing the methods of computer and electronic cartography:

·  Search for the means of bringing the cartographic image to computer monitor from the paper media using scanners, processing of electronic maps using rasterization and vectorization.
· Creation of the own base of licensed digital map materials and spatial data (including aerial and satellite images) on Ukraine’s cities and regions, countries of the CIS, Europe, and the world, and the appropriate databases.
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·  Approbation of the processing of information on individual information layers, each of which had corresponded to the elements of geographical basis of the map (hydrography, state borders, administrative and territorial division borders, settlements, etc.) and the complexes of attributive data of any system of objects. These works were performed based on the digital cartography methods which ensure coordinate accuracy of geographical positioning of the elements of general geographical basis and thematic elements of the map contents.

·  Digital cartography software was mastered by using the already existing government digital maps of Ukraine with 1:500,000 and 1:200,000 scale and the maps of cities with 1:2,000 and 1:10,000 scale.
·  One of the most difficult issues was mathematical solution of the tasks of creating cartographic projections directly in the electronic environment, transformation of one type of projection into another, transformation of main elements of the image (for example, coastal lines of continents, islands, etc.) as a result of transition from one type of projection to another, selection of central meridian for the territories to be mapped. Possibilities of mathematical transformation of information and implementation of the numerical values obtained into creation of geographic graticule were used. Different cartographic projections created in the pre-computer era of cartography development were recalculated at the computer. Some of them were improved: for example, geographic graticule of polyconic projection designed to represent the surface of the entire world now has the longitude parameters in the west and the east which allow to depict the territory of Eurasia and North America in its entirety.
Approaches developed in the Institute of Advanced Technologies by Е.М. Gorodetsky allowed for free selection of central meridian for any area or determine a totally new projection for it [3].

Solution of the aforementioned tasks allowed to form the master maps for any general geographic and thematic maps and their mathematical basis in various scales and with different levels of generalization of the content elements.

Third phase of the IAT development was prompted by the idea of practical creation of new generation of cartographic products on the basis of computer technologies in two main spheres: production of wall maps and cartographic provision of the secondary school of general education with geographical and historical atlases. This phase lasted for eight years during which the following scientific and technical were solved:

· Mastering of technologies of the three-dimensional (3D) mapping of terrain in electronic environment and its reflection using the method of light and shadow plastics, which corresponded to the ″hill shading″ meaning in pre-computer cartography. The IAT first implemented this method in 1998 on the map of Crimea [1]. Today, almost all types of maps produced by the IAT contain the same relief depiction including political maps. This mapmaking technique corresponds to the world trends in cartography. 
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· At the same time, the IAT started development of educational atlases and atlases intended for the broad public (The Look at Ukraine). First of them was the Our Planet geographical atlas for the sixth grade (1999). During eight years, the institute created a new generation comprised of 20 educational atlases: 6 – geographical atlases for the 3, 5, 6, 7, 8-9, and 10-11 grades; 6 – history of Ukraine atlases for the 5, 7, 8, 9, 10, and 11 grades; 6 – world history atlases for the 6, 7, 8, 9, 10, and 11 grades, and also a generalizing atlas of the history of Ukraine. Significant place in the methodology of performance of these works was occupied by the study of predecessors’ experience (the entire system of school atlases, approaches to the development of map contents, etc.), selection of master maps including maps from generation of atlases made in the Soviet Union. The novelty of the work on creation of educational atlases at the IAT was to develop the structure of each atlas, use new materials, and create the maps according to modern scientific concepts and school requirements; determine own requirements to the atlases (formats, number of maps, their topic, filling them with geographical and historical information, conformity with school programs and textbooks, adherence to the principle of knowledge development from younger to older classes, expansion of geographical nomenclature and description of object systems in map legends, their nature, positioning, and interrelations). This practical work helped to crystallize the production line for creation, compilation, editing, and preparation for publication of all educational atlases [4].

Its main feature is the creation of electronic maps and their preparation for printing. Main technological steps in mapping natural phenomena are the creation of master maps for the original maps or author’s models in the geoinformation system, their subsequent processing by vectorization of lineal elements of the content, specification of colors of the elements shown by raster grids, geographical (digital) positioning of local elements shown by non-scale conventional symbols of different forms, sizes, and colors. Images on electronic maps were processed using the following software: Arc View, Arc GIS with modules, and also Adobe Illustrator, Free Hand, and PhotoShop. The same software products are also used to create a final cartographic image on social and economic maps by processing statistical information from official yearbooks.

Types of maps compiled using different sources of information provide for the splitting of a single production line into several production phases consisting of individual engineering sections and form their different complexes. For example, if only the object observation points are available on the lists, first it is necessary to generalize the information (eliminate affine areas or isolines of equal value of the objects’ properties), and the process of compiling these maps will be added by the need in creating primary and main electronic monitoring maps. Another example is when there are statistical tables, then symbols are selected from electronic computer graphics libraries or symbols of required form are created on the computer according to symbol systems of classical cartography, and are varied in terms of the size in the legend and on the map according to the gradations of classification scales and geographical positioning of the objects. 
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Therefore, map types, degree of use of initial information, nature and location of the objects, specifics of application of mapping methods, and specifics of symbol systems predetermine selection of engineering sections and their sequence.

Technological achievements of the third phase of the IAT development allowed to perform unique works related to thematic mapping. It includes two wall maps ″Animals of the World″ and ″Countries, Peoples, Culture″ of the 1:26,000,000 scale. An ″Atlas for Children″ was created on the basis of these two maps, where each continent is represented by two maps: ″A Living World of Nature″ and ″Countries, Peoples, Culture″. A distinctive feature of these works is the photo portrait symbol system for specific objects and quality cartographical base.

The IAT atlas stock (containing 22 atlases in total) features a thematic atlas of more complex content. It’s a regional complex scientific and information Atlas of the Autonomous Republic of Crimea. Author’s development of its maps was made by the specialists from V.I. Vernadskiy Tavricheskiy National University, scientific editing – by the Institute of Geography of the National Academy of Sciences of Ukraine. Maps were prepared for publication at the IAT. The atlas production line on the basis of geoinformation technologies allowed to complete the publication preparation process in just six months. Use of e-mail provided the co-makers with means of communication to exchange materials necessary for editing, author’s review of electronic maps, and making author’s and editor’s remarks. It’s worth noting that tight production schedule for the Atlas of the AR of Crimea did not affect the quality of the publication. This fact is corroborated by high rating that the atlas received from the foreign colleagues at the 2004 IMTA International Cartographical Exposition in Tours, France and the first prize in the Best Atlas nomination.

Fourth phase of the IAT development began from the issuance of the CD Atlas ″Ukraine and its Regions″ which was prepared for the printed version but was issued in electronic version. Experience of creation of this atlas opened the way to publication of the series of educational geographical and historical atlases recorded on compact disks (CD-R). During this project, basics of the method of transforming electronic versions of printed educational atlases into a special type of electronic cartographic product were formed [5].

Electronic school atlases required the simplest interface and geoinformational shell whose software base would have ensured execution of atlas browsing commands ″forward″ and ″back″, enlargement of the scale of certain map fragments, displaying additional information on the map screen (texts, graphs, and diagrams). To strengthen educational functions of the CD atlas, tests were added to the information module; using these tests, student can check his knowledge at home using his personal computer. CD atlases contain electronic maps. Large and complex in content legends can be read separately from the map and may be displayed in certain windows on the screen showing the map. Organization of presentation of information in the CD atlas resembles to a certain degree the structure of geoinformation system where their content is clearly distinguished: cartographic and information modules. The only difference is that information module of CD atlases does not have geoinformation system unlike the tables the data from which is used to create the maps.
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At the same time, there are additional subsections: texts, graphs, diagrams, illustrations, etc., and also tests, information about designers, and user recommendations.

Interactive work in the atlas ensures a layer-by-layer connection of thematic load on the specific map, and the availability of additional ″lesson constructor″ and export modules allows teacher to create own lessons and student – his reports on the basis of maps from electronic atlases.
The fifth phase features new technological and practical developments in sphere of globe production and use of satellite images for the production of satellite image maps. Participation of the IAT in international cartographic exhibitions allowed it to learn about the world’s best examples in globe making industry, in particular, the products from such manufacturers as Stella Nova, Columbus Globus, Replogle Globes, Leipziger Globus Manufactur, Nova Rico, and others. The aforementioned companies make the whole variety of globes different in subject, purpose, size, quality of cartographic image, lighting, and general design. On the other hand, there were only 5-6 types of globes produced in Ukraine, mostly physical and political.

Production chains developed at the IAT are determined by the scale of the globe and are divided into the following engineering sections: computerized creation of cartographic image of the northern and southern hemispheres taking into account future distortions occurring as a result of transformation of the flat surface of plastic into the convex, editorial review of paper printouts and editing of electronic image of the hemispheres, printing of corrected images on the flat plastic. The next section (non-cartographic) involves production of convex hemispheres. It has to be noted that application of digital technologies in the processing of cartographic images for the globes, as well as for the other cartographic products by IAT, ensures its high graphical quality and volumetric accuracy [6].

As a result of research and experiments, the IAT created four series of globes different in size and scale: small – 12 cm in diameter and 1:105,000,000 in scale and 21 cm / 1:60,000,000; medium – 32 cm / 1:40,000,000; and large – 42.5 cm / 1:30,000. Scale determines the level of generalization of image on the globe in the same way as it does in case of a regular map. Physical and political globes are obligatory for each of the series. Each series contain five types of globes in total, and there are seven varieties among the fifteen types: physical, general geographical, political; with white and violet ocean colors, a la antique, space view of the Earth. Image on the large globe, ″the Earth Seen from the Space″, is similar to the ″General Map of the World″ created using satellite photo mosaics. Colorful design of the antique-style globes resembles the color of ancient parchments. Use of the globe production line has many prospects of widening the assortment of sizes and subjects and appearance of the new design of accessories.

Production line which uses geoinformation technologies in the cartographic processing of materials of the remote sensing of the Earth (RSE) is prospective as well. We know about many areas of use of the RSE materials in different scientific research and economic practice spheres, in particular, in sphere of monitoring of the environmental conditions [7].
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Research related to the development of geoinformation systems for large cities, the so-called municipal geoinformation systems (MGIS) started to use high-resolution satellite images comparatively recently as the operative databases for updating large-scale plans and atlases of large cities. The need in development of computer satellite image city maps appeared as a result of production of wall maps and atlases of Kyiv showing all buildings, names of all streets and passageways, building numbers and indication of functional purpose of some of them. These are the maps created as a result of processing of high-resolution satellite images. Use of such images became possible thanks to digital cameras installed on commercial Earth satellites. Development of the satellite image map by the IAT was based on the Quick Bird images with object resolvability 63 cm. Having such images and applying geoinformation processing technologies (displaying of the image of Kyiv area assembled from individual images on the screen, their positioning against geodesic basis and topographic map of the city where position of each building is not only identified but also specified; it also determines position of each new construction site as of the date of satellite image taking and places the names of all passageways and outstanding buildings), we receive an actualized plan image of the city. Results of these works were as follows: first – experimental fragments of computerized satellite image map of Kyiv in А4 format; then – map of the central part of Kyiv ″A View from the Space″ published as a booklet together with the folding map of 1:30,000 scale; and lastly – satellite image atlas of Kyiv [8]. This work received top awards at various exhibitions and prompted development of satellite image maps and atlases of Ukraine’s other large cities. As in Google, these maps are implementing the achievements of space technologies and bring them to ordinary consumers.

Esthetics of different cartographic styles is the moving force of creation of the new types of cartographic products. For example, world maps a la antique with the image elements of old maps (wind rose, compass lines, ecliptics, sailing ships, ocean monsters); maps of Ukraine (administrative divisions) decorated with portraits of Ukrainian hetmans, outstanding statesmen, famous representatives of arts and literature, heroes of fight for Ukraine’s freedom. Such projects are close to foreign products by Art-line which combines cartography and the art.

One of the spheres of the IAT’s activity is the mapping of transport infrastructure. To that end, the institute created the series of maps showing the transport network (railroad maps, road maps and atlases of Ukraine and Europe, atlases for drivers, in particular driving directions in Kyiv). In the technology of improving road maps main attention is given not only to the qualitative and quantitative characteristics of lines of communication and their depiction but also to the actualization of information. 

The newest sphere of the IAT’s activity is the development of technology of creating navigational charts and maps for the GPS monitoring of land vehicles. This technology presents high requirements to the accuracy (2-3 meters) and actuality of maps. Due to the foregoing, different actualization methods are used: from satellite images to registration of road tracks received using GPS. The institute had to create new classifiers and legends which conform to general European standards, for example those by Tele Atlas and Navtea.
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The IAT products devote significant attention to tourism. It is well known that the quality of domestic products – tourist maps and schemes of cities from the pre-computer era of development of cartography – was substantially behind that of the foreign products, although in terms of content such tourist atlases as ″Crimea″ and ″Ukrainian Carpathians″ [6] have even surpassed the foreign counterparts. Today, there are technological and graphical possibilities to create various tourist maps using methods of three-dimensional relief representation, as it done, for example, on the ″Points of Interest on the Southern Coast of Crimea″ map and the ″Tourist Map of Crimea″, or by computer transformation of images of interest to tourists into certain symbol systems of an individual type of objects (outstanding historic, cultural, and architectural landmarks – cathedrals and churches, palaces, administrative buildings). Such symbol systems were used to make the Tourist Map of Ukraine (scale 1:1,250,000) together with the symbols of outstanding buildings and monuments [9]. We have to emphasize yet another sphere of research and development works, on the basis of which engineering sections were introduced to cartographic processes. This sphere covers development of geoinformation systems different in terms of territorial level [10], system of objects, purpose, accumulation and storage of geoinformation and designed for the solution of any tasks in numerous spheres of activity.
Conclusions. Introduction of geoinformation technologies into cartographic production, developed and implemented by the Institute of Advanced Technologies, proved the extremely high efficiency of this direction in the development of cartography. Today, we can say that new digital cartographic approaches have been formed, which ensure high quality of maps and their use both in printed and electronic form. At the same time, requirements to expert cartographers have grown – they have to know not only the basics of cartography but also the modern software including geoinformation systems.
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