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Abstract

At present, the relevance of operational decision support is increasing simultaneously with
the increase in the level of their scientific validity, which leads to the need to develop and
implement new methods using modern technology. In the conditions of formation and
development of the digital economy of the Russian Federation, data in digital form is a key factor
of production in all spheres of socio-economic activity, which increases the competitiveness of
domestic technologies and products, ensures economic growth and national sovereignty. One of
the directions of the currently implemented Program is the creation of an effective system of
collection, processing, storage and provision of spatial data to consumers that meets the needs of
the state, business and citizens. As a result of the analysis of the regulatory and technical
documents identified a number of problems that prevent the effective use of UAVs for solving
problems in the field of geodesy and cartography. The problems lie in the fact that the regulatory
requirements relate to the conditions of use of film aerial camera materials, which are currently
not used. In matters of modeling requirements are based on the creation of spatial models of the
area mainly on cartographic materials. In this regard, the accuracy of the coordinate measurement
and the detail of the displayed model elements depend on the scale of the original digital or analog
topographic maps. The use of digital technologies requires a different approach in the formation
of requirements for the source data to create digital terrain models.
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Introduction

The target indicator of the AERONET action plan of the National technology initiative is to cover
the territory of the Russian Federation with high-precision three-dimensional maps for the needs of
maintaining and developing infrastructure, transport, mobile communications, precision agriculture,
cadastre, etc., based on GLONASS technologies using unmanned aircraft systems (UAS) and the digital
model of the Earth [Rudkovskii, 2019].

Main part

Geoindustry as a whole is a set of system-forming activities aimed at:

— for the development of normative documents, standards and technologies for the implementation
of production cycles;

— creation, updating and support of the functionality of unified geospatial networks, systems and
databases on the territory of the States;

— execution of geospatial (spatial) surveys and measurements, monitoring observations of changes
in the position of the studied objects or their parts in space;

— production of geospatial (spatial) models and products on hard drives and in electronic form;

— the development, study, serial production and introduction into production of tool, hardware and
software for collecting, storing, processing, delivery and visualization of geospatial (spatial)
information, geospatial WEB services;

— integration of heterogeneous geospatial (spatial) data for their subsequent multifunctional
application;

— professional training.

With the development of information technologies, there has been a transition of geospatial activity
from the level of information functionality to the level of analytical functionality, which is based on
the formation of spatial knowledge about the territory and the intellectualization of the preparation of
innovative geospatial solutions for the rational use of all types of territorial resources [Barankov, 2019].

Geospatial approach is focused on the role of an integral tool for collecting elements of advanced
scientific thinking into a single analytical system, aimed at considering the interaction of factors and
objects at each point of the metric space, acquires the function of establishing dominant and auxiliary
factors (with the possibility of distinguishing among the auxiliary factors such as can be neglected in
the framework of the research task). This allows to plan, implement and control the optimal
organization of the territory, to ensure inter-sectoral interaction, brings geospatial activity to a higher
level of impact on the functioning of the socio-economic complex of territorial education of any level
[Rostokinskii, Tolpekin, 2014].

System support of solutions in the field of technologies...
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Consider the basic definitions in the field of geospatial.

Geospatial — geographical shell of the Earth to be studied, displayed, modeled within a limited area,
time period, object composition, list and degree of detail of its properties specified by the consumer of
geoinformation. The criterion limiting the inclusion of spaces in the concept of “geographical” is the
applicability for their study and modeling of coordinate systems: geographical and geodetic [Balukhto,
Tverdokhlebova, 2019].

Geospatial is a set of geographical objects of natural and man-made nature, natural phenomena,
man-made and natural processes and events located on the territory (above, under the territory) that
have spatial properties of interest to us.

Geoinformational space is a set of information coordinated computer models of the studied
geospatial. Geographical space is a set of geographical objects and phenomena with relations and
connections between them. Spatial data, geographic data, GEODATA, geospatial data are digital data
about features, including information about their location and properties, spatial and non-spatial
attributes. A virtual model is a multidimensional model of real objects or processes, in many respects
indistinguishable from them, but formed and interactively functioning in a software-controlled
environment. A geospatial model contains models of objects and their relationships or, in established
terminology, features. Thus, spatial objects are models of spatial objects [Malyuga, 2019].

Territory is a part of the earth's land surface with all its natural, economic objects, population and
resources. The territory is characterized by its spatial position, size, structure, other geometric
(morphometric) indicators and geographical (landscape) features.

The concepts of space and territory are interrelated, but not identical to each other. Without having
the aim to identify all the features of them, confine ourselves to the fact that these concepts include
topographic objects, processes and phenomena of nature.

Spatial information about territories is created and used in two main forms: discrete and analog. In
discrete form — in the form of coordinates and heights of individual points of space — get the information
methods of surveying. In recent years, the coordinates and heights of individual points of space are
measured by satellite methods. Detailed study of geographical space is carried out using tools and
methods of topography, photogrammetry and cartography [Malyuga, 2019].

Prior to the early 1980s, consumers received and used geodetic spatial information about the
territories in the form of catalogs of coordinates and heights of points, and topographic and cartographic
information in graphical form.

Scientific and technological progress of the last three decades and the use of computer technology
have led to the creation, development and use of geographic information systems (GIS). The main
function of GIS is spatial analysis of geospatial information. The analysis requires models of geospatial
objects, so the second main function of geographic information systems is the modeling of geospatial
objects.

Modeling of geospatial allows to optimize management decisions at the expense of more complete
information support — providing data in a convenient for analysis, including automated, and perception
form [Antonyan et al., 2014].

Sources of modeling geospace serve art materials, aerial photography data, satellite imagery, lidar
data and field surveys.

At present, digital spatial data is an element of connection between different databases in the
modeling of geographic information space of territories. A large part of spatial data is provided by
means and methods of remote sensing of the Earth.

Currently, digital textured terrain models obtained as a result of photogrammetric processing of
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aerospace survey materials are becoming more and more popular.

Specialists of the state Corporation Roscosmos (Russia) have developed a platform for creating
Atlas VR geo-information services immersed in virtual reality. Within the framework of the platform,
the terrain is recreated according to the surface scanning data in stereo mode and with a certain accuracy
corresponds to the real appearance of the physical surface of the territory. Information about vegetation
is formed by multispectral data obtained by remote sensing satellites. Atlas VR developers suggest that
the platform can be used to accommodate projects of planned structures and structures. The ATLAS
VR virtual space will allow not only to model objects, but also to create variable scenarios of events in
the digital environment.

Group of companies GEOSCAN in the framework of the National technological initiative launched
a public project to create three-dimensional models of regions of the country 3D Russia"”, involving a
continuous survey of the area with the help of UAVs. Within the framework of the project, interested
enthusiasts can publish three-dimensional models of buildings, structures, monuments, natural objects
created from the materials of ground survey or from a small height by Amateur UAVs. Models are
created by means of the program Agisoft PhotoScan and placed on the geoportal Sputnik Web.
Geoportal tools allow to solve measurement problems (measurements of length, height, area, volume,
building profiles), to build maps of slopes and DEM in the form of TIN-models [Zanin, Klimenko,
2019].

Most of the created digital geospatial models are represented by vector and raster maps, digital
elevation models, thematic geo-images, volumetric geo-images, map and feature services, and other
static and dynamic models. Methods of creation, analysis, forecasting and representation of territories
in the form of multidimensional geospatial models are increasingly being developed.

However, when studying geospatial data using its digital model, it should be remembered that any
model always has differences from the simulated object. This is primarily due to the modeling process
itself — the accuracy of the source data, processing algorithms, calculations and display. In addition, the
resulting geospatial model will always correspond to the state of space that existed some time ago, at
the time of receipt of the original data.

A model that is close to an ideal digital copy of the surrounding reality must meet the following
criteria [Klyushnikov, 2019]:

— the model must be multidimensional and display the States and motion of matter in real space-
time in four basic dimensions: three dimensions of space and time;

—the total number of measurements, including characteristic ones, in which the model is
implemented, should strive for the maximum number of properties of phenomena existing in
nature (the number of simulated classes and properties — to the existing in reality);

— the model must represent each elementary volume of space in each elementary period of time;

— spatial resolution of the model should seek to maximize;

— temporary solution is to strive for the highest possible;

— spatial coverage of the model should seek to maximize;

— coverage must strive for maximum;

— the accuracy of the model must tend towards full spatio-temporal identity;

— the validity of the model should aim at absolute.

Currently, the formation of a new regulatory environment is beginning to provide a favorable legal
regime for the emergence and development of modern technologies, as well as for the implementation
of economic activities related to their use.

System support of solutions in the field of technologies...
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We have analyzed the following existing regulatory and technical documents for geospatial
modeling.

1) Federal law No. 431-FZ of 30.12.2015 "On geodesy, cartography and spatial data and on

amendments to certain legislative acts of the Russian Federation™.
2) instructions for photogrammetric work in the creation of digital topographic maps and plans
(GKINP (GNTA))-02-036-02), approved by the Federal service of geodesy and cartography of
Russia in 2002

3) guidance on the assessment of the quality of the source space imagery and derived products in
digital and analogue form (GKYP (ONTA)-12-274-03) approved by the Federal service of
geodesy and cartography of Russia in 2003

4) Manual on aerial photography for cartographic purposes (RAF-89), approved by the chief of the
Military topographic Department of the General staff and the chief of The General staff of the
Air Force in 1989

5) instructions for topographic surveys in scale 1 : 5000, 1: 2 000, 1: 1000, 1 : 500 (GCYP-02-
033-82), with amendments approved, gugk maps, maps in 1982

6) GCYP-02-127-80. Guidelines for editing topographic large-scale maps and plans.

7) GCYP-CPL-02-118. Basic provisions for the creation of topographic plans of scales 1 : 5 000,
1:2000,1:1000and 1 :500.

8) GCYP-09-32-80. The main provisions of the aerial survey performed for creation and updating

of topographic maps and plans.

9) GOST R 52055-2003. GIS mapping. Spatial models of the area. General requirements.

10) GOST 28441-99. Cartography is digital. Terms and definitions.

11) GOST R 52438-2005. Geographic information system. Terms and definitions.

12) GOST R 52439-2005. Terrain models are digital. Catalog of objects of the area. Requirements

for the composition.

13) GOST R 52440-2005. Terrain models are digital. General requirements.

The Federal law of 25.12.2015 Ne 431 "On geodesy, cartography and spatial data” defines the
following concepts:

— spatial objects — natural objects, artificial and other objects (including buildings, structures), the
location of which can be determined, as well as natural celestial bodies;

— spatial data;

— data about spatial objects including their shape, location.

According to GOST R 52438-2005 "Geographic information systems»:

— a spatial object (geo-object, geographic information object, geographic object) is a digital model
of a material or abstract object of the real or virtual world with its identifier, coordinate and
attribute data;

— spatial data (geoinformation data, geospatial data, geographic data, GEODATA) is data about
spatial objects and their sets.

In accordance with GOST R 52055-2003 "Spatial terrain models" spatial terrain model is a visual
and measurable three-dimensional image of the earth's surface on electronic means of information
display, reproduced in accordance with the specified conditions of observation (review) on the basis of
digital information about the area (electronic maps, digital terrain models) obtained from geographical
maps, cadastral plans and space-aerophotographic materials, relief maps and video images.

Currently, cartographic methods to display areas being replaced by simulation of the geospace.

In this paper, under the model of geospatial we mean a set of information resources on the simulated
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area, including:
— digital elevation model (DEM);
— digital terrain model (DMM);
— digital orthophoto;
— digital vector map (model);
— classifier of spatial objects and their properties;
— rules of digital description of spatial objects.

Conclusion

As a result of the analysis of the above regulatory and technical documents identified a number of
problems that prevent the effective use of UAVs for solving problems in the field of geodesy and
cartography. The problems lie in the fact that the regulatory requirements relate to the conditions of use
of film aerial camera materials, which are currently practically not used.

In matters of modeling requirements are based on the creation of spatial models of the area mainly
on cartographic materials. In this regard, the accuracy of the coordinate measurement and the detail of
the displayed model elements depend on the scale of the original digital or analog topographic maps.
The use of digital technologies requires a different approach in the formation of requirements for the
source data to create digital terrain models.

Over the past two decades, there have been the following fundamental changes in the technique
and technology of aerial photography production:

— switch from analog aerial photography to digital,

— use of unmanned aerial systems;

— air laser scanning;

— application of high-resolution space digital images;

— the use of high-precision on-Board systems determine the position and orientation;

— use of satellite methods of geodetic definitions;

— the application of the method of accurate positioning point (PPP — Precise Point Positioning);
— digital methods of photogrammetric processing;

— the use of GIS;

— GIS-spatial data analysis tools.

However, the current regulatory and technical documents do not reflect the requirements that
consider the features of new technical means and technologies for data collection and processing.
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AHHOTANUA

B ycnoBusix ctaHoBIeHHS U pa3BUTH LU poBoii s5koHOMUKH Poccuiickoit denepanyu qanHble
B 1IU(poBOI (opMe SBISIOTCS KIIOYEBBIM (PAKTOPOM NPOU3BOACTBA BO BCeX cepax COLUANBHO-
HSKOHOMHYECKOW JeITEIbHOCTH, YTO IOBBIIIAET KOHKYPEHTOCHOCOOHOCTh OTEYECTBEHHBIX
TEXHOJIOTUI M MPOJyKIKHU, 0OecrieyMBaeT SKOHOMUYECKUN POCT M HAallMOHAJBHBIN CyBEpEHUTET.
OpHuM U3 HampaBJIEHMH pealn3yeMoil B Hactosmee Bpems IIporpaMmsbl sBiIsieTCs cO3AaHHE
3ppeKTUBHON cucTeMbl cOopa, 00pabOTKH, XpaHEHUS W MPEJOCTaBJIECHUS MPOCTPAHCTBEHHBIX
JaHHBIX. B pe3ynbrare aHann3a HOPMAaTUBHO-TEXHUYECKON JOKYMEHTAIIUU BBISIBJICH Psfl IPooIieMm,
MPEMATCTBYIOMHMX 3((HEKTUBHOMY HUCIOIB30BAHNIO OECIIMIIOTHUKOB JUIS PEIICHUs 3a/1a4 B 00J1acTh
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reofe3nn U kaprorpaduu. IlpoOneMsl 3akimO4alOTCs B TOM, YTO HOPMATUBHBIE TpeOOBaHHUS
KacaroTcs YCJIOBHH HCIOJB30BAHUS IUIEHOYHBIX MaTEpHalioB Ui a’podoTokamep, KOTOphHIE B
HaCToOsIIee BpeMsl HE HCHOJb3yIoTCs. B Bompocax moaenupoBaHus TpeOOBaHUS OCHOBAaHBI Ha
CO3JaHUM MPOCTPAHCTBEHHBIX MOJIEJEM MECTHOCTH IPEUMYILIECTBEHHO Ha KapTOorpapuuecKux
Marepuanax. B cBS3M C 3TUM TOYHOCTb M3MEPEHMsI KOOPAMHAT M JeTalnu3alnus oToOpakaeMbIX
SIIEMEHTOB MOJICNIM  3aBHCAT OT MacmTada HCXOAHBIX UUQPOBBIX MM  AHAJIOTOBBIX
Tonorpaduueckux Kapt. Vcnonp3oBaHue MUQPPOBBIX TEXHOJOTHH TpeOyeT WHOTO IMOAXOAa IPH
(dbopmMupoBaHUU TPEOOBAHHUH K UCXOAHBIM JaHHBIM ISl CO3/IaHHS HU(PPOBBIX MOJAEIICH MECTHOCTH.
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