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The advancement of geosciences was marked by the appearance of new discipline “geoinformation” in the later part of the 20th century. Its close interaction with cartography in analyzing the spatial information and spatial decision-making necessitates considering the alteration of map role and cartographic methods for the purposes of analysis in contemporary society.

A significant advance has been made in computerizing the society that caused to give a new look at the meaning of “cartographic image” in regard to its displaying, perception and availability in new conditions.
The term “image” means the information product to be provided for visual perception of a particular object or space phenomenon by the person. The visualization process in digital computer systems consists in displaying the image to be directly perceived by the person. Besides, there are other processes related to the image, for example, its recording and e-mail messaging. 
The aim of any cartographic image is to reflect the real objects with their spatial properties, to visualize them along with the quality of real objects and phenomena, as well as their forms, sizes, location, and semantics. In this respect a computer-visualized cartographic image is a pattern-based and can be generated, scaled, generalized, metrical in particular projection, oriented to visual perception of the person, i.e. it has the same features as a traditional map on the paper. 
Nevertheless, new scopes of cartographic image and its application in information technologies’ environment are basically changing our notion of their place and role in contemporary society.
The traditional cartographic image is described from formal point of view as follows.

The basic elements of formerly produced maps on the paper and plastic (a traditional map – Mt) and those of produced today by means of hardware (an electronic map – Me) are a cartographic image (СI) and map legend (L): [image: image1.wmf]M
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The cartographic image of traditional map consists of graphical elements (Gi): [image: image3.wmf]CI
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. It is static and, therefore, cannot be changed by the user.

The electronic map is kept in computers (hardware) or on electronic data carriers. The user operates with it using special software. Such map is composed of graphical primitives (P) in raster or vector form for spatial data representation, which are conversed by the person to cartographic patterns. These primitives are represented by pixels in raster form (Pr) or points, lines, and areas (Pv) in vector form[image: image4.wmf]P
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The only person by means of the map legend is able to separate the cartographic objects from graphical primitives, and to compare them with the terrain objects. Special software products allow the user to edit the cartographic image, thereby, changing the cartographical objects.

The traditional and electronic cartographic image contains all the object geoinformation and its properties (Di), meant for the follow-up perception and its application by the person for the processing, analysis, spatial decision-making. The spatial object location information as well as its form, size (geometry – Dg), object semantics and properties (semantics – Ds), characteristics of spatial object interrelations (topology – Dt):[image: image5.wmf]D
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The geoinformation display and perception by the person on traditional and electronic map are carried out on the analogue, pattern basis. The cartographic image (traditional or electronic) without connection to the map legend represents only a set of graphical figures or primitives, not giving to the person the information on terrain objects. A skilled person is able to perceive not individual graphical forms but he can separate the cartographic objects using conventional signs, comprehend its properties, and compose the cartographic patterns of real terrain objects (Fig. 1). The data are transferred only in one direction from the image to the user.
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Figure 1: The interaction of man and cartographic image (traditional and electronic)
The advent of geoinformation has provided for data transferring of spatial objects and phenomena from the cartographic image to geocoded databases (DB) and generating the digital terrain model (DTMs).
While creating the digital map, the person “teaches” a computer to draw an analogy between database records (DTM’s objects) and cartographic objects with their properties. As a result, the computer gets a possibility to perform those metrical and analytical operations on user’s request, which only the person was formerly able to perform them on a traditional map.
The digital map is composed on the basis of terrain object database (digital terrain model – DTM) and it consists of a graphical primitive database (GPD) and cartographic image (CI): [image: image7.wmf]DTM
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The DTM includes the coded information for terrain objects: geometry, topology, and semantics[image: image8.wmf]M
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The graphical primitive database comprises the information as a set of codes (Dp) used by software for data visualization from the DTM: [image: image9.wmf]GBP
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The digital map’s cartographic image is composed of cartographic objects (Zi): [image: image10.wmf]CI
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While operating directly with the DTM, the user sends a database inquiry through the DBMS for execution of the geodata operation. The DBMS performs the code interpretation from the DTM and submits a report to the user.
If the person works with the digital map’s cartographic image, the image acts only as a tool for man-database interface, as well as a means for visualization of processed geodata using the graphical primitive database. In this case, map loses its former data storage function and source of geoinformation to be used in the analysis and spatial decision-making but then gains a new function of distinctive presentation (sometimes the advertising) of available geoinformation models and geocoded databases.
While operating with large geocoded databases, there is no need to output the entire geoinformation on map, the volume of which larger than those of a traditional map. As a result, there is a decrease of  cartographic image significance which is becoming only as a dealer between the person and geocoded database.
The data transferring is carried out by the user’s inquiry to the DTM and vice versa (Fig. 2).
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Figure 2: The interaction of man and cartographic image of a digital map
Since the cartographic objects are created by data visualization from the DTM, all operations on them is able to make a computer either with person participation or without it. Therefore, a digital map is defined as a dynamical object.
Accordingly, three following basic types of cartographic images can be distinguished as follows: traditional maps on the paper, electronic cartographic images, and digital maps. The analysis of their distinctions allowed the revealing of a number of their characteristic features: contents, conventional signs, distinctions in generalization, etc. (Table 1).
Table 1: A comparison of various cartographic image characteristics

	Characteristics of  analogous and electronic geoimages
	Traditional map on the paper (TM) 
	Electronic map (EM)
	Digital map

 (DM)

	A base for generation
	TM, geodata from surveying, statistical data


	scanned TM, digital map
	geodata contained in DB 
in vector form, conventional signs 

	Content
	overall information is contained on a map,
map as a data storage 
	overall information is contained on a map
	information contained in DB or its part is represented on the map 

	Attributes
	its volume depends on the map sheet size, possibilities for visualization  and a scale, can be textual or graphic  
	its volume depends on a size of cartographic image, possibilities for visualization  and a scale
	attributes contained in DB are represented  if necessary;  can be textual, graphic, sound, video (multimedia geoimages) 

	Conventional signs
	statical
	statical and dynamical
	statical and dynamical;  simplification of symbolic sings is observed


	Cartographic projection
	is given in creating;  the user has no right to change

	the user can change when the electronic map is produced by digital map rasterization 
	the user can automatically change the projection 

	Information volume
	depends on the map sheet size, scale, and map readability factor 


	depends on the map sheet size, scale, and map readability factor 


	depends on the recording medium storage (more than the amount of geoinformation on TM and EM)



	Generalization
	geodata amount is being changed in generalization


	geodata amount is being changed in generalization


	only geodata required can be visualized; all geoinformation is stored in DB, geodata amount is permanent 



	Accuracy (reliability) of geoinformation 
	depends on the initial geodata accuracy, accuracy of  mapping and print quality 
	depends on a basic TM or DM 
	depends on the data accuracy in DB and quality of data validation 


Nowadays a variety of new engineering capabilities for visualization of electronic and digital cartographic images have being appeared. 

Computer-aided procedures and technologies are increasingly penetrating into the mapping process, knowledge of the reality, and data transmission. In particular, there is the evidence that the advance of geographic information systems and GIS technologies makes possible to automate a lot of functions being done before by the person.  Among them it should be noted the following: spatial information retrieval from the terrain objects, computation of map object’s lengths and areas, optimization of routing or laying-out of linear structures, spatial analysis of phenomena and processes, etc. In this case the person is both a problem statement’s manger and an inspector of the results obtained. It is reasonable that for this purpose the person has to get the spatial information at all stages of the process to be carried out in available form, that is, a computer-.generated cartographic image while representing the electronic map. 
Electronic maps produced by scanning the maps in graphical form are used as initial data in generation of digital terrain models and digital maps.

Electronic maps are widely used as a basis for computer-aided redaction and printing.

The terrain orientation and navigation by cartographic image installed on the VDU screen, for example, a note-book, mobile or GPS belong to another field of digital map application. 
Finally, electronic maps are used for the overview terrain representation in various information systems, for example, reference cartographic systems, electronic atlases, etc. or the Internet, and most often together with other kinds of information: textual and multimedia.
Therefore, electronic maps are used today as new kind and, traditionally, as maps on the paper for:
 
Realization of control functions by the person in spatial data retrival, handling, analysis, and processing (new functions); 
· Generation of digital terrain models and digital maps (new functions);
 
Computer-aided redaction and printing (new functions);
· Terrain orientation and navigation (a combination of new and traditional functions);
 
Overview terrain representation (a combination of new and traditional functions). 
The two last groups of functions are only partially coincided with the analogous functions of maps in graphical form as far as they are realized in combination with optional capabilities. For example, a given object can be automatically separated from the electronic map or a traffic route is to be shown. Otherwise, in ground reconnaissance the various electronic maps containing the information on different thematic layers can be added or removed from the image. When changing the image scale, other electronic maps in corresponding scale are automatically removed. Therefore, electronic maps, as opposite to the passive mode for maps in graphical form, are used in on-line along with other digital models and special software.
Specificity of electronic cartographic image perception is revealed, as distinguished from traditional cartography, in disambiguation between the demands for their visibility and readability. To solve this problem is to use a set of cartographic images instead of a single map and dynamical generalization both for geometry and semantics of electronic maps providing the visibility and readability on small video screens.

In connection with problems of traditional and later electronic maps distribution on world, national, and regional scale until the end of the 20th century they were mainly used locally. By the way, they were not available for the population. The advent of new engineering capabilities made electronic maps to be available through the Internet. New computer aids for cartographic image representation in electronic form are providing their publicity among great masses of population.

Alongside the development of service industry, electronic cartographic images are represented today not only on the personal computers, notebooks and pocket computers, and GPS, but also in mobiles, special user's terminals, VDU at the railway stations, airports, etc. Electronic maps have been distributed over the all spheres of human life. Now it is difficult to imagine the business development, administration management, navigation, carriage by sea and land, etc. without these electronic maps.

A rapid development of the World-Wide Net and globalization process opens up new fields for application of electronic geoimages and global GIS. The integration of GIS and the Internet makes possible to design the integrated system of spatial data. The Internet users owing to a wide functionality of the Web-GIS are easily passing from one map to another, not taking into account that geodata can be arranged on different servers.
The most important property of Web-GIS technologies being developed nowadays is that the Internet users have an opportunity for active operation with geodata (right up to the realization of their own GIS projects) and there is no need to buy GIS software (GIS shells).
Nevertheless, the most functions being available in professional GIS, various cartographical web-services attract users, primarily, by its simplicity to use and due to spatial information leading to the increase of Web pages. Therefore, the global GIS (Web-GIS) is expected to be a knowledge system based on spatial ideology in the 21st century using contemporary technologies for generation and management of increasing amount of spatial information and widely distributed among the information-oriented society.
Therefore, owing to today’s engineering capabilities the new kinds of cartographic images (electronic and digital) have appeared. The functions of traditional maps were added by the advantages of electronic cartographic images. The Web-GIS and electronic maps have become widely distributed all over the world (particularly in the Internet) that led to the formation of new world outlook based on spatial ideology. Today a map is as a mass media and unique “second script” for wide spreading of environmental spatial properties.


































































