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ABSTRACT. The base concept of system of electronic synthesized images (ESI) as new kind of spatial modeling is developed. Synthesis of electronic cartographical and space images is a component of a fundamental problem of multivariate modeling of territories and the phenomena. Air laser scanning is the most effective method of updating of the base cartographical information in comparison with known technologies and approaches of creation and updating of large-scale maps and digital elevation (3D) models. Methods of air laser scanning provide operative (in a real time) exactly data (10-25 cm) for creation and updating of large-scale topographic maps.
The electronic synthesized images can be used at studying and the analysis of territory, scientific researching, engineering works and development problem-oriented GIS (power resources and power supply, ground, water and wood resources, planning of territories and town-planning, extreme situations).
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Synthesis of electronic maps, digital elevation models (DEM) and of the space images is a component of a fundamental problem of multivariate existential modeling of territories and the phenomena. Separate cartographical models – plans of cities, topographical and thematic maps – can not be the universal tool for the decision of various spatial tasks. As they do not provide an opportunity of operative access of consumers to the big volume of the saved up diverse information, it is required to unit separate cartographical models and other spatial data (digital maps, the space images, the text information) – to create electronic synthesized images (ESI) having established logical-mathematical dependences for transition from one cartographical models to anothers and also to provide their transformations.
Thus, ESI – incorporated by the common plan, ordered and coordinated on scales, projections, systems of coordinates, the contents, loading and conventional signs set of cartographical models and diverse geodata. The cartographical models making system, should be unified on a mathematical basis (a scale, a projection, system of coordinates), contents and conventional signs. The coordination and unification of a mathematical basis of cartographical models can be achieved by application of the uniform scale lines, allowing to display geodata with necessary detailed elaboration and accuracy. All kinds of works should be carried out in accepted world geodetic system of coordinates. First of all, it concerns to a scheduled – high-altitude basis of the electronic maps created on remote sensing. In this connection the important role at creation ESI air laser scanning as plays the most effective method of gathering of the initial information.

Technologies of air laser scanning (ALS) have essential advantages at creation and updating of large-scale electronic maps and DEMs, providing operative (in a real time) reception of exact figures about objects (with an error 10-25cm). Data processing consists in classification of a cloud of points. Being based on character and a level of automation, processing laser scanning points can be subdivided into two technological stages conditionally:

1. 
 Rendering of a true relief (a surface of the ground) on territory of survey;
2. 
 Definition of position of objects.
Result of the first process is the automated restoration from surfaces of the ground and reception of high-altitude points for creation of DEM.
The main factors influencing accuracy DEM, received by the automated way are (Fig.1):

1. 
Natural factors: presence of vegetation (its density, type, height), character of a relief (difference of heights, heterogeneity, presence of microforms), complexity of anthropogenous objects, and also a condition of survey.

2. 
Methodical and hardware factors which are defined by technology of survey, accuracy of the measuring equipment and geodetic methods of determining position.

Fig. 1 General set of the factors influencing accuracy of DEM
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Thus it is possible to define two basic directions on increase of accuracy DEM: perfection of methods and algorithms of direct processing ALS and application of advanced hardware- technical devices, both for scanning devices, and for geodetic means of position definition.

The second stage of processing – the further classification of the geodata (see Fig. 2) – is more complex and yet not automated enough process and demands the big manual work. The classification is defined by the contents of a map product and, as a rule, includes a base set of classes of spatial objects: a relief, vegetation, a transport network, settlements etc. 

Fig. 2 Test site ALS points are classified as map objects
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Now frequently simultaneously with laser scanning air photography is carry out that allows to supervise the automated processes of ALS data processing at definition position of objects. Moreover, use of ALS data together with the aeroimagery mutually improves their quality and informative properties. So, ALS data can be used for rectification aeroimagery received from the digital camera, included in onboard ALS complexes. Besides the probability of detection of objects – for example though on ALS data objects under dense vegetation are determined, thus narrow local objects (or the objects which are not having heights over the ground) can be lost. Their loss can be prevented, using the aeroimagery. Thus accuracy of delimitation of objects raises, reliability of classification of types of objects and the characteristic of their properties is increased.

Fig. 3 Control of data processing of the ALS data
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Thus, accuracy of definition of position of objects on ALS data is defined by the following components:

– Error of measurements of a trajectory of the carrier of the scanner;

– Error of individual measurement, 

– Descrete of the ALS data.

Besides the error of individual measurement develops of error of inertial system and errors of measurement of distances a laser range finder which depends on reflective properties of object [1] and the size of a stain of the laser. 

Complexes of air laser scanning include means of satellite navigation for definition of a position of the scanner (GPS-survey). Mobile base stations are established in the points of a geodetic network on distance no more than 100 km from of area of survey. The analysis of the test data shows, that in conditions of good visibility of satellites the average quadratic error of a casual component in a resulting mistake of measurement of three coordinates (X, Y, Z) of a trajectory of carrying device (helicopter) does not exceed 10-15 cm [2]. So, the error in definition of height of object with the help of laser scanner ALTM3100 (Airborne Laser Terrain Mapper) does not surpass 15cm at average height of flight of 1200 m, 25 cm at height of 2000 m and 35 cm at height of 3000 m. Thus errors of definition of scheduled position of objects do not surpass 1/2000 from height of flight.

The error of borders of objects owing to step-type behaviour of the ALS data is defined by density of laser pulses at scanning a terrestrial surface, the form and length of object (see fig. 4). 

Fig. 4 ALS data descrete error
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The average distance between the points of the terrestrial surface which have reflected laser pulses, makes 0.3-1.1 m. It provides the maximal error of fixing of a contour of the any form of 0.2-0.8 m with an average quadratic mistake about 0.15-0.5 m.

In view of set of factors (see fig. 5), a common error of position of objects does not exceed 25cm, and heights are defined  to within 15 cm that corresponds to parameters of accuracy of large-scale map (1 : 1000).

Fig.5 General set of the factors influencing accuracy of objects position
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Thus, proceeding from results of research under the various factors influencing a rating of accuracy of methods of air laser scanning of territory, it is possible to draw a conclusion that in ALS data it is expedient to use for creation of the electronic synthesized images at large-scale mapping, for application in engineering works. The geoimages synthesized on the basis of electronic maps and DEM, the methods of air laser scanning received with the help have advantages on efficiency and completeness of the data in comparison with the data received on the basis of traditional methods. It defines area of their application as performance of results of the analysis in thematic GIS (power resources and power supply, ground, water and forest resources, planning of territories and town-planning, extreme situations). 
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