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Anomauin. 3apaz eeode3uuni npuiaou 3abe3neyyroms 00CMAmuI MOYHICMb NPU GUKOHAHHI
Oinbuocmi 2eode3uyHux poobim. Ane 6ce dc GeruKa YACMUHA 2e00e3Ucmis e KOpPUucmyomocs
BIOHOCHO  3acmapinum o6aaoHauusam. Tomy 3pocmae nompeba 6 CYYACHUX 2e00e3UUHUX
IHCMpPYMeHmax, sKi 6UKOPUCHOBYIOMb CYUACHT MEXHOI02Ii Ma CYyYacHe Npocpamue 3a0e3nedeHHs.

Boonouac cyuacne npoepamme 3abesneuenns Haoae Oinbuie MOMCIUBOCMEN 0N peanizayii
CYHacHux 3a80ansb 2eodesii no 300py Oibuioi Kitbkocmi docmogipuux oauux. Lle, 6 ceow uepey,
Haoae Oinvbuie MOMCIUBOCMeEU 0N AHANI3Y YUX 0aHux 3a oonomozoro euxopucmanus IIC. Ane €
HecmaHoapmui eeooe3uuti 3a80anus. i 3a60anHs ModCHA Supiuumu 8pyyHy abo 3a 0ONOMO20H0
npocpamu, HANUCAHOI 2e0de3ucmom OJisi c8oix nompeb 8 KOHKpemuitl cumyayii, Ha 0a3i edxce
ICHYIOUUX OONOMINCHUX 3ac00i8, HANPUKIAO HEUPOHHUX Mepedc. Y cmammi KOHYenmyaibHo
PO3CTAHYMO MONCIUBICINE CMEOpeHHs makux npozpam 6 ArcGlIS.

ArcGlIS suxopucmogye cneyianbri MoOyni 01 06pobku ceooanux. OOHUM i3 MAKUX MOOYII8 €
inmepnpemamop Python. [leti mooyns npedcmasnsie nakem OJauux ArcPy — 6in 0o3s05s€
KOHBEPMY8amMu 2eOnpoCmoposi OaHi, Kepysamu 2eonpocmoposuMy OAHUMU mMda CMEOpPHeamu
OCHOBY 0I5l AHAI3Y MA 0OPOOKU 2e00e3UUHUX OAHUX.

Buxopucmosyrouu mogy npoepamyeanusi Python, naxem ArcPy ma pso 0onomidcHux
IHCMpYMeHmie  2eONpPOCMOpPO8020  AHANIZY, MOJICHA BGUKOHY8AmMU O000AmMKO8i onepayii 3
npocmoposumu oanumu. Lle oae binvue moswcrueocmeti onsa I'IC-¢ghaxisyie ma 2ceodesucmis.

Kniouoegi cnosa: I'lC, npoepamysanns, 2eodesis, npocmoposi 0aui, ceode3uine 001a0HAHHS.

Abstract. Currently, geodetic instruments provide sufficient accuracy when performing most
geodetic works. However, a large part of surveyors still use relatively outdated equipment.
Therefore, there is a growing need for modern surveying tools that use modern technologies and
modern software.

At the same time, modern software provides more opportunities for the implementation of
modern tasks of geodesy to collect more reliable data. This, in turn, provides more opportunities to
analyze this data through the use of GIS. But there are non-standard geodetic tasks. These tasks
can be solved manually or with the help of a program written by a surveyor for his needs in a
specific situation, based on existing aids, such as neural networks. The article conceptually
considers the possibility of creating such programs in ArcGIS.

ArcGIS uses special modules for geodata processing. One such module is the Python
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interpreter. This module introduces the ArcPy data package - it allows you to convert geospatial
data, manage geospatial data, and provide a framework for analyzing and processing geodetic
data.

Using the Python programming language, the ArcPy package, and a number of supporting
geospatial analysis tools, it is possible to perform additional operations on spatial data. This
provides more opportunities for GIS professionals and surveyors.

Key words : GIS, programming, geodesy, spatial data, geodetic equipment.

Introduction.

In the modern world, there is a need to optimize the methods of performing
geodetic works: increasing the efficiency of information collection, the volume of
information, increasing the efficiency of typical tasks in geodesy. This need
characterizes a new stage in the development of geodetic instruments. It is based on
the creation of modern software, which is the optimization of technological processes
under new conditions. For example, the use of geoinformation systems, the use of
modern equipment, the creation of new geodetic programs.

The new level of development consists in the plan of mechanical improvement
of geodetic devices, software of the equipment itself, software for interpreting data
downloaded from the device, which leads to the search for new ways of optimizing
geodetic works and processing geospatial data. And the most economical and well-
founded choice is to increase attention to the development of specialized software.

The purpose and tasks of the work

The purpose of the article is to study the capabilities of modern software tools
for solving geodetic problems.

To achieve the goal, the following tasks are set:

1. Conceptual analysis of the use of programming to solve problems with spatial
data.

2. Determination of prospects for using programming to solve non-typical
problems in geodesy.

Conceptual analysis of the use of programming to solve problems with
spatial data

Spatial binding is used in various spheres of human activity. First, get spatial
information. Then you need to display the information to use it in this area.
Information can be displayed similarly: on paper, but now modern technologies are
used for this. Specialized software tools such as ArcGis are being developed.

ArcGIS uses special modules for geodata processing. One such module is the
Python interpreter. This module represents the ArcPy data package. Data Pact is used
for geographic data analysis, data transformation, data management, and map
automation in Python.

Python and the ArcPy package allow you to perform additional operations with
spatial data, create spatial autonomous maps. To do this, use existing geodetic data.
This expands the capabilities of GIS specialists and programmers in working with
data [1].

Programming in Python in ArcGIS allows efficient processing of spatial data.
This is a convenient auxiliary tool for working with geodatabases.

ESRI 's ArcGIS software uses the Python programming language. This is a data
interpreter in ArcMap. It looks like a dialog box. In this window, manipulate geodata
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using Python scripts.
This dialog box specifies the script code. A tooltip is displayed on the right side
of the window. For example, the Describe function [2] and its prompt (figure 1).
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Figure 1 — Illustration of the Describe function
Origin: [2]

Python in ArcMap allows you to work with shapefiles. This is attributive
information. It can be displayed in the interpreter and modified. It is possible to
display the information of the attribute table of the shape file. It is possible to work
with the elements of the attribute table, for example, the for loop. Python in ArcMap
allows you to perform operations with electronic maps. For example, by referring to
the ListLayrs function and the transparency property, you can change the
transparency of the map layer [3-5].

Thus, Python is the programming language that should be used to support
geospatial data processing. There is practical value to Python for processing spatial
data. Therefore, ArcPy has tools for working with spatial data.

Determining prospects for using programming to solve atypical problems
with spatial data

Over the last decade, problems that are solved using 3D models built on the
basis of spatial information obtained with the help of geodetic scanners and similar
equipment for collecting a large volume of spatial information have become
widespread [6—7]. Now this trend has remained unchanged, but additional software
capabilities have appeared.

One of the tools for solving non-typical problems in geodesy is the processing of
point clouds. For example, the construction of point clouds is presented in ArcGIS
PRO. This is many points of space. They have coordinates X, Y, H. These data are
obtained by modern geodetic instruments. Many geodetic tasks can be solved at these
points. Their solution is carried out within the framework of the set conditions and
volume of initial data. Thus, a point cloud of the facades of multi-story residential
buildings is presented (figure 2).

The work [8] was taken as the basis of the study. In this work, neural networks
determine the position and length of power lines using the functions of the ArcGIS
PRO software complex, using «Pre-Trained Models in ArcGIS». Also, neural
networks can be programmed to identify corner elements of buildings in a point
cloud. This will make it possible to display the set of points of urban architecture
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elements in the usual way. Also, it will allow to separate certain information from the
cloud of points for solving geodetic problems.
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Figure 2 — Illustration of cloud poiiit
Author's development

The analysis is performed, the sequence of actions from work [8] is used
(figure 3), some corner elements of the houses are obtained (figure 4).
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Figure 3 — Illustration of a model builder framework that automate dimension

extraction
Origin: [9]

But there are peculiarities of point cloud analysis. Therefore, the Python module
can be used. The module has the possibility to improve the ToolBox tools for this
analysis or to create new tools for a specific task (figure 5).

Here, for example, is a simple task: determining the height of a building. With
the help of these tools, you can solve complex problems. This problem has its own
characteristics: initial data, volume of data, complexity of the task, initial data.
Python allows you to make changes to the tool code from the model builder
infrastructure. These changes are necessary to describe the specifics of our problem.
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Figure 4 — Illustration of certain corners of buildings in a cloud of points
Author's development
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import arcpy

class Toolbox (cbject):

def _tnic_ (self):
self.label = “Toolbox
L] self.alias = "
# List of $801 classes asspciated with this toolbox
2 self.teols = (EBEA]
Elclas

s Tool (cbject) : I
def _init_ (self):

self.description = "
self canRunInBackground = Palse

Figure 5 — Illustration of editing tools ToolBox
Author's development

Conclusions.

1. Analyzed modern software. A conceptual analysis of the use of the Python
programming language in ArcGIS to optimize the solution of non-standard geodetic
problems was carried out.

2. The prospects of using programming to solve problems with spatial data are
described. To do this, use: point clouds, the capabilities of neural networks in ArcGIS
PRO and the capabilities of the Python module.

In general, a study of modern specialized software was conducted. These
software tools will allow solving non-standard geodetic problems using large
volumes of spatial data. It should be noted that this is possible when creating
additional functions using tools such as ToolBox and Python programming.
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