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Introduction
The list of conceptual problems of making an electronic image of the Earth includes a wide range of subject-oriented and interdisciplinary fundamental and applied problems. The problem of integrating heterogeneous spatial data in making Digital Elevation Models (DEM) arises as the most important one among them.
Spatial terrain computer modeling is gradually becoming, in the wide sense, an integral part of research of Earth sciences (geography, geology, geoinformatics, oceanology) as well as of applied areas (ecology, land cadastre, navigation and various engineering projects). Three-dimensional cartographic visualization is widely applied to experimental work, which allows any situation related to a particular phenomenon to be comprehensively investigated by numerical methods.
Relief as the main feature of cartographic modeling
Definition of the relief as a set of roughnesses of a terrain surface, comprises a latent contradiction which has resulted into the appearance  of two competing geomorphological concepts – the concept of "objectification" of the relief and that of "geometrization" of the relief. In the former case, the relief is the masses of rocks making the extent of forms of the terrain surface. Such an interpretation is caused by the fact that geomorphologists are interested first of all in the genetic aspects of the relief development, including relief-forming processes, its formation phases and the age of relief growth. The concept of "geometrization" considers the relief as the structure of the interface of media – the atmosphere, the surface hydrosphere and the lithosphere. It is material as any other surface, but not real. The concept of the relief as the structure of the media interface is more constructive in terms of the cartographic approach as here a rather strict description of the relief can be generated.
The basic elements of such a description are structural elements of the relief: characteristic points, ridged lines, bend lines. Surface modeling on the basis of a system of structural relief elements allows one to formulate rather an exact description of both the spatial position of the terrain surface (the medium interface) in view of its continuity, and the structure of this surface. Such a description can be made on the basis of formal procedures, which enables one to obtain unambiguous and sustainable results. Formalized computer processing of territory data files changed radically the approach to the two basic functions of spatial modeling - the topographic analysis and cartographic visualization. There are various methods for visualization, including analytical relief shading on the basis of digital elevation models (DEM) – special three-dimensional mathematical models that represent the relief of both real and abstract surfaces.
DEM application to creating general-purpose maps makes it possible to carry out effectively  an electronic transfer of the multiaspect content of various geoprocesses. Cartographic visualization is an essential factor of information transfer as correct data display is of crucial importance for verification of information models. An incorrect perception can result in making an erroneous decision. The requirements to the efficiency of representation of spatially distributed data are becoming of more and more significance as cartographic – man-oriented – display of information in the field of Earth sciences is predominant. 
Relief modeling technologies are now based on application of specialized GIS-technologies and are virtually completely automated. Specialized software allows surfaces to be calculated by various methods of interpolation, approximation or extrapolation. The rendering of relief objects depends on the type of the initial data storage model.
The use of the uniform grid cells (grids) gives an advantage of easy mathematical data processing due to the simplicity of the model but causes a substantial growth of hardware resources needed for storage and analysis as it requires increased resolution (the quantity of elevation points) for exact description of the surface. 

Sources of spatial data for cartographic modeling

Various sources of spatial data for creating terrain models have been investigated in carrying out the experimental work. To make an analysis of the characteristics of different sources there were distinguished a few territorial and hierarchical levels of mapping:
· global – from 1 : 5 000 000 up to 1 : 20 000 000 (for the whole world);
· national - from 1 : 1 000 000 up to 1 : 5 000 000 (for a state);
· regional - from 1 : 200 000 up to 1 000 000 (for various regions);
· local - from 1 : 25 000 up to 1 : 200 000 (for local territories or phenomena).
The DEM accuracy should not reduce the accuracy of maps to be created, that is it has to be within the limits of 0.1 mm to the scale of the corresponding map. Judging from the requirements to the accuracy of representing terrain surface by various methods in traditional mapping, there have been establish the following criteria for the DEM resolution to be satisfied in DEM visualization in view of the scale range (the levels of mapping):
· global – from 1 km and above;
· national – from 100 m up to 1 km;
· regional – from 20 m up to 100 m;
· local – from 1 m up to 20 m.
The following sources of spatial information have been considered for the purposes of the research:
GTOPO30 – the global digital model of the Earth’s surface, developed by the US Geological Survey. The values of elevations of the Earth’s surface are given on a 30-arc second grid both of latitude and longitude. 

ETOPO2 – the global digital elevation model including both land and seafloor elevations, which distinguishes it advantageously from a majority of other digital elevation models, e.g. GTOPO30, SRTM, etc. The grid cell size is 2 х 2 minutes. 

DTED (Digital Terrain Elevation Data) – it was developed on the basis of a special radar survey of the Earth. The data density of the model corresponds to different levels of detailization. Level 1 DTED displays elevations with a step of 3-arc seconds of latitude and longitude, which corresponds to 100 m on the Earth’s surface. Level  2 DTED has  a one arc-second resolution of elevation data, it corresponding to an accuracy of 30 m on the Earth’s surface.
At present, the Global Land One-km Base Elevation (GLOBE) project with a 30-arc second grid is being undertaken. A few data sources are used in it to have a higher level of accuracy than that of the models above. A lot of arrays of data are taken from GTOPO30, but there are also some additional data not available in GTOPO30. GLOBE provides data sets of two quality degrees – G.O.O.D. (Globally Only Open-access Data, without any restriction on the access) and B.A.D. (Best Available Data, the access is restricted in some territories).
For a few previous years there have become available a number of new data sources of the Earth remote sensing that can be applied to developing elevation models. Of special interest for elevation modeling among them are SRTM materials. 
SRTM digital data are mosaicked into 14 000 one degree by one degree cells, in conformity with the Digital Terrain Elevation Data (DTED) specification to be use in NIMA (National Imagery and Mapping Agency) and updating the existing DTED-products. NIMA is going in subsequent steps to edit data, remove peak values, verify bank and shore lines. SRTM data are organized in separate cells or tiles, each of one degree latitude by one degree longitude. 

The standard data interval is one arc second for SRTM-1 and three arc seconds for SRTM-3, correspondingly. Bearing in mind that at the equator 1 arc second corresponds to approximately 30 m on the Earth’s surface, the corresponding data sets began to be called 30-meter and 90-meter data sets. Each SRTM tile includes an elevation mosaic obtained through averaging all the data of the given tile. Each tile is identified by the coordinates of its bottom left-hand (southwest) corner. The SRTM-3 data were derived from the SRTM-1 data by a 3 х 3 averaging, it means that 9 elevation points in the SRTM-1 data correspond to one elevation point in the SRTM-3 data.
An SRTM model classification is shown in the Table 1.
Table 1
	Model Name 
	Angular Resolution 
	Linear Resolution 

	SRTM-1
	1 arc sec
	30 m

	SRTM-3
	3 1 arc sec
	90 m

	SRTM-30
	30 arc sec
	900 m


To analyze the SRTM survey data there has been checked up the accuracy of elevation data compared to Russian topographical maps of a 1:100 000 scale (Table 2). 
An analysis of the accuracy of the srtm-3 elevation data 
Table 2
	No.
	Latitude (N)
	Longitude (Е)
	Elevation value on the map, m
	SRTM elevation data, m
	Elevation difference, m

	(Exemplified by Territory К-38-129, 1:100 000, Azerbaijan )

	1
	40.625454
	46.027008
	1568.00
	1571.00
	+3

	2
	40.610940
	46.060045
	1670.00
	1640.00
	-30

	3
	40.588627
	46.146456
	1367.20
	1350.00
	-17

	4
	40.561067
	46.198863
	1283.00
	1272.70
	-10.3

	5
	40.543885
	46.186253
	1421.80
	1415.20
	-6.6

	6
	40.372828
	46.003374
	3361.00
	3351.00
	-10

	7
	40.524832
	40.380041
	1240.30
	1224.30
	-15.7

	8
	40.484547
	46.423021
	1085.30
	1004.60
	-80.7

	9
	40.432942
	46.358667
	1658.00
	1649.80
	-8.2

	10
	40.351893
	46.345411
	3066.00
	3048.70
	-17.3

	Mean error
	19.88

	
	(Exemplified by Territory L-35-35, 1:100 000, Ukraine)
	

	1
	47.177574
	29.046175
	174.2
	169
	-5.2

	2
	47.136052
	29.041619
	155
	146.6
	-8.4

	3
	47.089226
	29.050803
	184.3
	174.1
	-10.2

	4
	47.054098
	29.081372
	103.7
	111.1
	7.4

	5
	47.022892
	29.072926
	209.8
	200.9
	-8.9

	6
	47.013440
	29.039005
	195.6
	190.2
	-5.4

	7
	47.159300
	29.337660
	116.4
	108.9
	-7.5

	8
	47.072643
	29.294857
	77.7
	73.1
	-4.6

	9
	47.052552
	29.200219
	168.8
	164.2
	-4.6

	10
	47.173004
	29.266469
	106.7
	100.4
	-6.3

	Mean error
	6.85

	
	(Exemplified by Territory N-37-40, 1:100 000, RUSSIAN FEDERATION)

	1
	54.935006
	37.533958
	178.60
	188.00
	9.4

	2
	54.830600
	37.542748
	189.80
	184.00
	-5.8

	3
	54.918538
	37.556219
	165.90
	169.40
	3.5

	4
	54.825469
	37.565423
	197.00
	190.70
	-6.3

	5
	54.799470
	37.543890
	229.00
	224.90
	-4.1

	6
	54.871887
	37.779691
	157.40
	167.70
	10.3

	7
	54.877465
	37.742779
	161.70
	171.50
	8.8

	8
	54.699710
	37.926759
	231.20
	227.40
	-3.8

	9
	54.694206
	37.906402
	223.40
	219.70
	-3.7

	10
	54.721735
	37.950581
	212.70
	206.40
	-6.3

	Mean error
	6.2


The results of the check have shown that in plain territories the average error of the SRTM data is 6.5 m, in mountain areas it is about 20 m. Thus, it is possible to draw a conclusion that the SRTM data can be used for developing elevation models at a scale of 1:200 000 and smaller.
GTOPO30 global elevation model was refined from the SRTM survey data within the zone between 60 degrees north and 60 degrees south latitude. This work resulted in a new global model SRTM30.
Landsat, Spot, MODIS, AVHRR space imagery makes an important information source for building up elevation models (Table 3).
Landsat is a general name of a series of American automated artificial satellites of the Earth for surveying its surface. 
SPOT is an abbreviation of Satellite Probatoire pour l'Observation de la Terre, Systeme pour l'Observation de la Terre, Spot; SPOT is a French automated artificial satellite of the Earth for surveying its surface. 
MODIS (Moderate Resolution Imaging Spectroradiometer) is one of the devices mounted aboard the TERRA and AQUA satellites. MODIS sensor is capable to image continuously the Earth’s surface with a period from one up to 2 days, processing the data in 36 spectral bands with a 12-bit radiometric resolution.
AVHRR (Advanced Very High Resolution Radiometer) is a radiometer designed for measuring the temperature of the land and sea surfaces, observing cloud, snow and ice covers, monitoring atmospheric precipitation, soil moisture and measuring vegetation index of the vegetation cover.

Table 3
	Data Name 
	Resolution, m

	SPOT
	10 - 20 m 

	LANDSAT
	15 - 30 m

	MODIS
	250 m

	AVHRR
	1100 m


The Center for Thematic Cartography of the Cartographic faculty of MIIGAIK has successfully applied integrated spatial data to some cartographic models resulting into a number of maps, among them the following ones: the World of the 21st Century, The Republic of Crimea, The Krasnaya Polyana Resort, and others.

Applications of integrated heterogeneous spatial data to developing elevation models
In the general case, the technological scheme for integrating spatial data, implemented by the Center for Thematic Cartography in its projects is represented in the diagram (see Fig. 3). The initial data are as follows: global elevation models, remote sensing data, and vector geoinformation.












Fig. 1. The technology for integrating spatial data

The spatial information Database is a source of initial data for making cartographic products. It includes materials of space photography, digital elevation models and vector information in GIS format. At the initial stage, each kind of information is processed separately.
The materials of space photography are processed by methods of digital photogrammetry. ERDAS IMAGINE is the most convenient software for processing space photography materials. The main stages of the processing are the changing of the picture projection, gridding, color correction and synthesis.
There is a lot of software available for processing digital elevation models. Microdem or Global Mapper will be a good choice in most cases as they are capable to carry out all basic operations necessary at processing a DEM. Depending on the tasks in view, the following operations can be performed:
· Conversion of initial data from the format *.hgt into the standard DEM format;
· Synthesis of the digital elevation model, from various data sources;
· Conversion of the DEM formant into ASCII format;
· Transformation of maps from ASCII format into the DEM format;
· Interpolation of the regular model (Grid) from an ASCII format file;
· Cartographic projection transformations.
Creation of analytical relief shading can also be classified as DEM processing.
ArcView GIS software is used for processing vector information by the Center for Thematic Cartography, it makes it possible to design the vector skeleton of the map, update contour lines, transform projections and other operations necessary, depending on the purpose of the end product.
Further, Global Mapper software incorporates the materials of space photography, digital elevation model and vector information to generate a synthesized image.
At the final stage, image retouching is performed by a semi-automatic method with the use of graphic filters that are included with raster graphic processing software, for example, Adobe PhotoShop. It enhances the image contrast and strengthens its visual perception. The resulting digital images of the terrain are represented in two options –a high resolution option (250 dpi) for printing and a low resolution one (72 dpi) for screen representation in multimedia applications.
At present, the Center is conducting advanced research on developing a technological cycle of designing native-zone distribution maps on the basis of integrating MODIS data, elevation models and vector cartographic information. 
Synthesized materials of MODIS sensing allow the basic cover elements of the Earth’s surface to be zoned and distinguished, among them are water surfaces, evergreen coniferous forests, evergreen broad-leaved forests, deciduous coniferous forests, deciduous broad-leaved forests, mixed forests, forest-steppes, continuous bush thickets, areas with rarefied shrubby ground cover, steppes, cultivated lands, wasted plots and built-up lands. The frequent cyclic recurrence of these kinds of imaging enables them to be used for monitoring global aspects of the natural environment.
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