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EFFICIENCY OF APPLICATION OF SATELLITE TECHNOLOGY WHEN
PERFORMING LAND AND CADASTRAL WORKS IN SETTLEMENTS

Purpose. The purpose of this work is to study the effectiveness of using satellite technology in real-time
kinematics mode for work performed to determine the areas of land of different size within a settlement.
Methodology. To realize this purpose we have conducted experimental research on satellite observation points and
triangulation of polygonometry in Chernihiv and the region. During the research it was assumed to get the control
coordinates on the basic points from static observation. For basic triangulation points around Chernihiv were selected —
Kyiinka (KIIN) Yatsevo (JATS) Glushets (GLUS), where three teams spend the first day of observation in “static”
mode for over 4 hours. During this time, the other three teams conducted observations at points of the city
polygonometry, each time starting with the hour mode “Fast-Static” and then in RTK-mode. Then rover receivers
were set to receive amendments of the network System.NET. For this in the controllers there were created six projects
that had a different configuration. The research resulted in modeling of objects of different shapes and sizes. For this,
we used a network of urban polihonometry, and triangulation points around Chernihiv, where satellite observations
were performed. Nine models of landfills were planned, the areas of which were calculated based on coordinates
issued from the catalog coordinates and measured using RTK mode by satellite receivers. The program-methodical
complex, developed by scientists of the Scientific and Research Institute of Geodesy and Cartography, were used for
transformation and recreation of coordinates. Results. Coordinates transformation from MSC into SC-63 were
completed by the key and formulas, and then transformation of the coordinates x, y in Gauss-Kruger coordinates into
geodetic coordinates B, L via formulas was performed. For theoretical defining of area of the ellipsoid site we used
method of numerical integration per a contour that is specified by geodetic latitude B and longitude L. In order to
reduce errors in cartographic projections in the cities we used the local coordinate system, the mathematical basis of
which is Gauss — Kruger projection with a displaced axial meridian. Considering the fact that the distortion in this
case will be minimal, calculation of areas of intended object models was carried via the coordinates in the local
system. In accordance with our program of satellites observations at the points of polygonometry and triangulation,
the measurements were carried out in real time in six different configurations. Based on the analysis of these studies,
we analyzed the dependence of the measured areas on modeled land plots by defining coordinates using settelite
observations and evaluated the accuracy of such definitions, as well made a conclusion on the possible permissible
values of distortions of land areas within the boundaries of a settlement. Scientific novelty. The data of the research
again confirm the efficacy of using RTK observations and re-course to a new geodetic framework created on the base
of modern measuring GNSS-technology. The feasibility of using the local coordinate system to determine the areas,
takes place under certain circumstances, in particular, it is known that the former geodetic networks and networks of
thickening were developed with appropriate accuracy for that time base. Clearly, the quality of former networks
cannot fully ensure the accuracy of the current work. However, the results of our research of using of points of the
network at the local level, such as at the city traverse network of a settlement, when determining the areas of objects
with the size up to 800 hectares causes no doubts and meets the requirements of accuracy. The practical
significance. Improving the accuracy of coordinate definitions is connected with the introduction of modern,
uncontested satellite technology. Analysis of the study confirms the feasibility of using a local coordinate system
while performing work at the local level with the area of up to 1000 hectares object. If it is necessary to define areas
of objects larger than 1000 hectares with the accuracy of 50 m’ the satellite methods of measurements should be
used, that ensure error of coordinates within 0.005-0.020 m.

Key words: GPS; GNSS; reference station; SGN; networks of thickening; RTK-technology, VRS.

Formulation of the problem It is known that with the help of satellite

Cartographic information as a digital descrip- technology the spatial position of points on the

tion of objects of a map and their spatial location in  Earth’s surface is determined [Dawidowicz, 2014;
a defined coordinate system is a major factor at Lamparski, 2007; Seeber, 2003], and plans of land
solving tasks of land management and cadastre. plots and land use, index cadastral maps, maps of
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territorial zones, etc. are made in the national sys-
tem of plane rectangular coordinates. During the
satellite observations on the definition of coordi-
nates of points (boundary markers) and designing
onto the plane in the selected projection and coor-
dinate system of areas of land plots can be
distorted.

Accordingly, the calculated area will differ
from the actual that may negatively influence the
accuracy of land cadastre information. Considering
also the rapid development of land relations in
Ukraine and the emergence of a land market, the
increase in land prices is obvious. Therefore, the
research aimed at finding new and improving
existing methods of increasing accuracy of areas
definition during the cadastre works are relevant
and up to the time.

Analysis of recent research
and publications devoted to solving this issue

Today more and more wide application in
geodesic support of land cadastral works acquire
highly accurate satellite technology of detecting the
location of natural origin objects of a physical
surface within the adopted implementations of E
arth’s reference coordinate system. Implementation
of practical realization is their transformation into a
flat rectangular coordinates based on a selected
projection, say, of Gauss-Kruger.

Modern literature pays a lot of attention to the
research of these questions. For example, [HIT'K,
2009] for the first time classification of lands by the
size of their areas, based on their accurate model
was proposed. The classification of methods for
determining areas by instrumental means and by the
type of reduction of lands on the surface of
relativity was developped. Strict high precision
mathematical methods were grounded and proposed
to identify and evaluate the accuracy of land area
by coordinates of the vertices of the contours as of
the orthogonal projections on a horizontal plane,
the projections on the surface of an ellipsoid and on
a plane of map projections. The properties of
geographic information systems regarding the
definition of land areas are studied and guidelines
for their use are proposed.

As it is known, to determine the areas of
geospatial objects on the surface of the reference

ellipsoid, it is necessary in the value of the area,
calculated by the coordinates x, y in Gauss-Kruger
projection, to introduce an amendment 9, :

2
S, = —%P, (1)
where: R — the average radius of curvature of the
ellipsoid of Krasovsky, that for the territory of
Ukraine is 6378 kilometers; P — calculated area of
land on the plane of Gauss-Kruger.

According to the results of determining areas of
ellipsoid surface space by flat rectangular
coordinates of their peaks in Gauss-Kruger
projection, it is found [Radov, 2011], that within a
single coordinate zone of the area any land can be
calculated with accuracy up to 1 m”. In large areas,
which are located in several coordinate areas the
error in determining the area does not exceed
5-10 m?. The work [Vynohradov, 2009] is devoted
to issues of determining areas of physical surface
land for cadastre. Since the relief of any land is
very diverse, there is always some generalization in
calculations. Therefore, the definition of this area is
subjective. Three options for calculating areas are
considered — by the program GIS “Map 2005, by
the horizontal lengths and by length of segments of
the rectangular grid. With the resulting matrix of
heights there are horizontals constructed with cross
section of 0.25 m and their length on the plot is
calculated. Physical area is calculated by the
horizontals with cross sections 0.25, 0.5, 1.0, 2.0
and 4.0 m. The next method of calculating the area
is in marking and dividing into similar intervals of
mutually perpendicular profiles. Errors of
calculation of areas are 16 m%, 15 m? and 9 m?
confirming the expediency of application of the
method of iterations.

Research of calculating areas of land on the
surface of the ellipsoid and their distortion when
projecting on a plane are given [Baranovskyi, 2005;
Baranovskyi, 2009]. Numerical integration by the
exact contour by geodetic coordinates and discrete
computing of areas in rectangular coordinate
system of equal area conic projection is recognised
as the most effective method.

The methods of calculation of areas of
considerable territories, the boundaries of which are
set by coordinates of points, are studied, and the
dependence of error of calculation on the space
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distance between adjacent points of polygons is
shown. The need to calculate the coordinates of
intermediate points depends on the excess of
allowable values of distances between adjacent
points [Baranovskyi, 2013].

In the practice of land planning activity, the
areas of land on the plane, which are in the same
zone of Gauss-Kruger projection, are defined by
piecewise-linear polynomials, which are set by flat
rectangular coordinates of the beginning and end of
linear segments. Then, the area of land consisting
of n-points of turning can be calculated according
to the known formula

1 n
P_Exiélxix(yi+l_yi—l)’ ()

And the accuracy of calculating areas of objects
on a plane [Baranovskyi,2013] can be written as
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where i — number of current peak of the landfill,
D

i-1,i+1

i-1i+1 >

— the length of the lines between the peaks,

the previous and next. For example let’s calculate

with which accuracy will be defined the area, if the
side of the square is 1000 m and the mean square
error of the position of the vertices of the square is
my =5 mm, we will get m, =2.5 m?, or 0.0025 %.

In the work [Kubakh, 2010] the relationship of
local coordinate systems with the state geodetic
system of coordinates USC-2000 is examined and it
is proposed to coordinate the transfer between
systems SC-63 and USC-2000, wusing the
transformational field of coordinate transformation
if it is economically justified and appropriate.
Calculation of the corrections in the measured line
in the coordinate system SC-42 / SC-63 is
presented in the Table 1.

As can be seen from Table 1, amendments may
be small and reach significant quantities. If we talk
about the coordinate system SC-63, then with the
maximum distance of 125 km to the edge of the
zone, apparently amendments for reduction of
measured lines will be minor.

Further improvement of planned coordinates
and measurements on the physical surface can be
achieved only on condition of creation and functio-
ning of local geodetic systems of coordinates
[Cherniaha, 2010]. Requirements for conditions of
creation and use of geodetic projections for
administrative entities are also defined.

Aim of the work

Aim of the work is to study the efficiency of
usage of satellite technology in real-time
kinematics mode for work performed to determine
the areas of land plots of different sizes within a
settlement.

Table 1
Amendments to the measured line (D = 1000 m)
in the system of coordinates SC-42/SC-63
Height, Y, km

m 0 50 100 125 150 200 250

0 0.000 0.031 0.123 0.192 0.276 0.491 0.768
250 -0.039 -0.008 0.084 0.153 0.237 0.452 0.729
500 -0.078 -0.048 0.044 0.114 0.198 0.413 0.689
750 -0.118 -0.087 0.005 0.074 0.159 0.374 0.650
1000 -0.157 -0.126 -0.034 0.035 0.120 0.335 0.611
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Methodology

For the realization of this goal of experimental
studies we performed satellite surveillance on
points of polygonometry and triangulation of
Chernihiv and the region. We shall briefly describe
the course of research, as its detailed description
and characteristics of dual-frequency GNSS-re-
ceivers are given in [Tereshchuk, 2014].

To obtain control values of coordinates at
points we started from static observation (at least 1
hour). As basic triangulation points were selected
the ones around Chernihiv — Kyiinka (KIIN)
Yatsevo (JATS) Glushets (GLUS), on which
surveillance on the first day was conducted by three
teams in “static” mode over 4 hours. During this
time, the other three teams conducted surveillance
at points of city polygonometry, each time starting
with hour mode “Fast-Static” and then in
RTK-mode. Next rover receivers were set on
reception of amendments of the network
System.NET. For this purpose in the controllers
were created six projects that had a different
configuration, such as, for example:

3.a — automax (hereinafter the figure means the
number of a brigade);

3.v — vrs (virtual reference station);

3.n — nearest;

3.ki — the mount point (kvda); 3.ni — the mount
point (nizh); 3.ch — the mount point (cniv).

Figure 1 shows a schematic arrangement of
placed polygonometry and triangulation points on
the territory of Chernihiv and the region.

When connecting to RTK-server we indicated its
name, for example, a — for the configuration
automax, v — for VRS etc. IP-address — for all
configurations, port — 2114 — for configuration:
automax, vrs, nearest, port — 8085 — for mount
points: kvda, nizh, cniv. Access to the network
server System.NET was held by protocol NTRIP,
and amendments were passed in the format
RTCMv3.

Before the observations we agreed to install in
the menu of the controller the approximate number
of measurements at each configuration on the
point — 30, while in the static mode 3600.

As a result of the research we have done
modeling of objects of different shapes and sizes.
For this, we wused a network of wurban

polygonometry and triangulation points around
Chernihiv, where satellite observations were
performed. Nine models of landfills were marked,
areas of which were calculated based on the
coordinates issued from the catalog of coordinates
and measured using RTK mode by satellite
receivers.

Next, to perform a number of coordinate
transformations, we use software and methodical
complex, developed by scientists of Scientific
Research Institute of Geodesy and Cartography and
may implement methods for transformation and
conversion of coordinates of points. The scheme of
model transformations is given in Figure 2.

At the beginning coordinate transformation
from one Cartesian coordinate system to another is
performed, ie from the MSC into the SK63 by the
key and formulas:

X ke _ C'OS a—sina | X " Coyer 5)
Yores sina+cosa )\ ¥« Gy,
input

where, X iorYoxa coordinates,

X Y,

wek - Yucx — output coordinates, £k — zoom ratio,

a — angle of rotation, CXMK

wCr,, — parallel
transfer on X, and Y, .

The next phase includes converting coordinates
x, y in Gauss-Kruger projection into geodetic
coordinates B, L by the known formulas:

2
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t=1gB, n=e-cosB, N=
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where, B; —width of the image base of ordinate plane
on the surface of the ellipsoid; y — ordinate of the
point; N — the radius of curvature of the first vertical
at this point; M — the radius of curvature of the
meridian at this point; e* — meridian ellipse eccen-
tricity; ¢’> — second meridian ellipse eccentricity;
p =206264.8062; t, 1| — auxiliary values.
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For theoretical determination of the area of the
site of the ellipsoid we use the method of numerical
integration on the contour that is specified by
geodetic latitude B and longitude L :

P, =a*(1-¢*)[[(1-e sin® B) cos BdldB , (7)

elips.
where a,e’ — parameters of the ellipsoid. To reduce
the error of map projections in cities usually local
coordinate systems are used, the mathematical basis
of which is Gauss-Kruger projection with a
displaced axial meridian. Considering the fact that
distortion in this case will be minimal, the
calculation of areas of the marked object models we

carried out by the coordinates in the local
coordinate system.

In accordance with our program of satellite
observations on polygonometry and triangulation
points, the measurements were carried out in real
time by six different configurations. Based on the
analysis of these studies we can conclude about the
possible allowable distortion of values of land areas
within the boundaries of a settlement. Let us
analyze dependences of calculated areas at
simulated space by defining coordinates using
satellite observations, and estimate the accuracy of
such definitions.

Chernihiv

Yatsevo

Fig. 1. Location of triangulation points and polygonometry in Chernihiv area
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Conventional SC-63

Local and basic SC-63

Local and basic SC-42

Transformation of
coordinates according to
the key in SC-63

Transformation of
coordinates according to
the key

Transformation of
coordinates into a
standard 6-degree zone

Tl

S F—

SC-42 (6-degree zone of Gauss-Kruger)

Transformation field, USC-2000 (6-degree zone of Gauss-Kruger)

Transformation field, USC-2000 (6-degree zone of Gauss-Kruger)

J——

ETRF

Local systems of

coordinates from USC-
2000

Derivatives from ITRF

[

Derivatives from ETRF

Fig. 2. Scheme of typical coordinate transformations

The results of research of areas calculation are
given as a deviation between the calculated areas
by the coordinates obtained from satellite obser-
vations and areas calculated by the coordinates in
the local system, and the variances are compare
with the results obtained by the formula (4).

First, we write the system of equations (8):
2 =Pa_PSzar UIZPa—PMCK
@, = P _[{V’ﬂ’ v, = P = Pucx

a)3 = PWS _PSIut 193 = PW”S _P 0-3 - a)3 B 93 5 (8)
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o =0,-9§

o, =0,-9

_ peh y o,=w, -89
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— pnz _ pnz O = . _19
W5 = P" - PStar ‘95 =P" - PMCK 5 3 3
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where P — areas of the simulated plots calculated
by the coordinates obtained from observation in the
RTK mode; P, — areas received by the results of

— land

areas calculated by comparable coordinates in the
local system; @, — deviation of areas of the studied

observations in the “static” mode; P,

plots, which coordinates of points of turning are
determined from satellite observations in RTK and
“static” modes; § — deviation of areas of the

studied plots, which coordinates of points of
turning are determined from satellite observations
in RTK mode and calculated by comparable
coordinates of points in the local system.
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We write the equations in general form

W, =R - Py 9
Ji =R - R (10)

and create adifference s, =w., - J,
S; =W, - J; =P - Py, - P+ Ry =Ruck - Paar (12)
S = Pucx - Paa (12)

In view of the equation (12), we can conclude
that in order to assess the accuracy of calculation of
aress of the studied sites, it is possible to have areas
that are calculated by the coordinates obtained from
satdlite observations in the “static’ mode, as well
as aeas that are predefined by comparable
coordinates in the local system of coordinates.

The obtained results and their analysis

Now, as to the accuracy of calculation of areas
in thelocal system of coordinates.

At the beginning, let us consider the accuracy
with  which coordinates of points of city
polygonometry are obtained. As an example, take
the plot B-2 for calculation. Number of lines on this
site is n = 7 with the average length of the line
Sep. =1760 m and the length of the course
L =14080 m. According to the requirements of

Instruction [Instruction on topographic marking,
1999], we accept a relative measurement error of

. . 1
sides in polygonometry of Class 4 Ez—.
Polyg y S 25000

General error M in the location of the final point of
the course M? =t? +u?, where t, u — longitudinal
and transverse error of the course.

Let uswritedown

u:ﬂal_ m1
r V12

where m, — mean-square error of measurement of

(13)

angles, which we accept m =3, r"=206265.
Hence we get:

y="b [n*3_ 3 14%OJE:O.1869 m.
r 12 206265 12

Taking into account the principle of equal
influence, we acceptt =u. ThenM? =2t? =2u?,

orM =t/2, M =uJ/2 = 0,2643m. If to take into
account that the number of points of the courseis 8,

the unknown error in the planned position of the
point is calculated by the formula:

M
=— =0,093m 14
m, 78 (14)
Let uswrite ardative error of the course
M:l Orﬁ:u_\/izi1 (15)

L T L L T

From wheremzi, which is consistent
53200

with accuracy of polygonometry of class 4. Thus,
the area calculated analytically by known formulas
will contain the error, the value of which mainly
depend on the eror of the planned position of
points of polygonometry.

The results are given in Table 3, which includes
names of the simulated plots (polygons) with a
corresponding number of points, areas calculated in
the local coordinate system and USC-2000, and
presents the results of comparison of the measured

dP (M) = P = Pyex. 20 @d calculated by the

formular (4) values mp (7).

To the measured or “practical” we refer
comparison of results of calculation of areas by the
coordinates in the local system with areas defined
by coordinates of satdlite observations in RTK-
mode. To the calculated we assign accuracy of
areas defined by the formula (4), taking into
account values of received error of planned position
of point of city polygonometry.

In fact, this is the comparison of instrumental
methods of classical geodesy with satellite. It is
advisable in this case to ask questions if the use of
points of traditional geodetic framework and
networks of thickening, such as urban traverse
networks, can provide the necessary accuracy
during the cadastral measuring and how it will
affect the differences in the values of areas.

In our example, we can state that areas of
figures defined by coordinates in the local system
(MSC) obtained as a result of the classic geodetic
works mainly correlate with areas obtained from
theresults of satdlite observationsin RTK mode.

Analyzing the data of the table, we notice that
the value dP(m?) in the vast majority are positive,
except for the figures B i G. As we can see, the
value of differences of areas dP % are relatively
small in percentage, from 0.0002 to 0.0028 % and
practically do not depend on the size of the area.
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Even precision of computing of areas of objects on
the plane by the formula (4) coincides mostly with
the “practical” one, that is obtained from
measurements using RTK satellite technologies.
Thus, in the sector of F11, whose area is
26 561 083.826 m® and the number of rotation
angles — 11, the difference is 466.952 m?, that is
0.0018 %. Calculated data by a formula are almost
twice smaller and generally depend on the size of
the area. If to abstract from the size of land plots
and to average the results of calculations, we note
the convergence of the accuracy of the areas, such
as 0.0013 and 0.0012.

For additional analysis of these statements, we
consider the results of “static” observations at three
points of the triangulation around Chernihiv. These
are points Kyiinka, Yatsevo and Glushets of second
and third classes respectively. The time of
observations in the “static” mode in these points, as
stated above, was more than 4 hours each.
Processing of the results of this year observations
was made by experts of the Scientific Research
Institute of of Geodesy and Cartography, which
also gave us the catalog coordinate values of these
points. By the way, we also used our data of
experimental GPS-observations on two of these
points in October 2011 (288 GPS-day, 1657 a
week), the program and preliminary results are
described in [Tereshchuk, 2013]. Processing of
measurement results at that time performed experts
of Main Astronomical Observatory of NAS of
Ukraine and Kharkiv National University of Radio
Electronics.

Data observations in the “static” mode were ta-
ken by us for the measured, and the catalog ones —
for the output. In fact, these repeated measurements
of the same values is feature of quality of GPS
measurements, such as traceability and repeatability
because the first and second were performed in the
“static” mode in different time intervals.
Traceability — a commonly-accepted term of quality
control system. This means that all measurements,
as required by normative documents, must be made
regarding physically existing points, andthere must
be the opportunity to repeat them, that is, to make
these measurements again.

Let us compare these measurements. The results
of satellite measurements of coordinates of points
of triangulation in the system USC-2000 are
presented in Table 4.

The data indicates the convergence of results
determining the coordinates within 0-2 cm. When
comparing the areas calculated by the catalog and
measured coordinates, the difference is only
0.0001 %. So high accuracy is caused by the
reliability of satellite observations in repeated
measurements. Analyzing the data, it can be argued
that the wuse of satellite technology while
performing cadastral measurement is very effective.
Thus, if we take into account from our observations
in formular (4) the average of errors in determining
the coordinates of 0,015 m, the error in the value of
the area P(m’) = 47493406,402 m* will be
dP(m?)=51,687 m* with dP( %)=0,0001 %.

Table 3
Accuracy of calculation of areas received from satellite observations
Names of
No plots/ Areas Areas dP dP mp mp
' Number (LSC) (USC-2000) (m°) (%) (m?) (%)
of points
1 A/5 4027 505.103 4027 414.476 90.627 0.0022 93.319 0.0023
2 B/8 9 466 693.078 9 466 742.007 -48.929 0.0005 143.071 0.0015
3 C/6 10 481 682.762 10 481 647.760 35.002 0.0003 150.546 0.0014
4 D/5 13 460 881.805 13 460 514.964 366.841 0.0027 170.603 0.0013
5 1/6 15 603 789.435 15 603 348.098 441.337 0.0028 183.681 0.0012
6 F/11 26 561 550.778 26 561 083.826 466.952 0.0018 239.650 0.0009
7 G/10 27 820 174.789 27 820 380.794 -206.005 | 0.0007 245.264 0.0009
8 H/13 50 747 749.672 50 747 637.765 111.907 0.0002 331.254 0.0006
9 1 77 309 300.450 77308 721.591 578.859 0.0007 408.850 0.0005
Medium 204.066 0.0013 218.471 0.0012
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Table 4
Results and the accuracy of calculation of areas measured
by the coordinates in the “static” mode
USC-2000 USC-2000
Marking CATALOG MEASURED dx dy
X Y X Y
Kyiinka 5703236.538 6372788.541 5703236.538 6372788.563 0.000 0.022
Yatsevo 5714363.152 6385962.313 5714363.167 6385962.309 0.015 -0.004
Glushets 5705514.730 6384022.785 5705514.729 6384022.794 -0.001 0.009
Area, P, m’ 47493357.295 47493406.402
2
Accuracy d4Pg(.I;l0;: mp (m’)=
51.687
dP( %) 0.0001 0.0001

Scientific novelty and practical importance

These values once again confirm effectiveness
of RTK observations and transition to the new
geodetic framework created on the basis of modern
measuring GNSS-technologies. Now about the
usefulness of local coordinate system for
determining areas. It is known that the former
geodetic networks and networks of thickening were
developed with some accuracy using former
instrumental base. Clearly, quality of that time
networks can not fully ensure the accuracy of the
current works. However, the results of our research
of using points of the network at the local level,
such as at the level of the city traverse network of a
settlement, in determining the areas of objects up to
800 hectares, is beyond doubt and meets the
requirements of accuracy.

According to the results of the research, we can
claim that modern measuring GNSS technology
considering the efficiency and accuracy of execu-
tion is now uncontested. Coordinate definitions,
and, correspondingly, the definition of areas of
objects with the application of advanced satellite
receivers significantly increase the productivity and
quality of cadastral works, contributing at the same
time to the increasing accuracy of position of
points.

Conclusions

Improving accuracy of coordinate definitions is
connected with the introduction of modern satellite
RTK technologies in the implementation of
reference coordinate system of basic points.
Regarding the feasibility of using a local coordinate
system when calculating areas of objects of a set-

tlement, in particular, during works at the local
level, with the object’s area 1,000 hectares, while
maintaining satisfying precision, the use of the
coordinates of points of urban traverse networks is
seen as possible. When calculating areas of more
than 1,000 hectares with accuracy 50 m?, satellite
methods of removal, ensuring error in determining
the the coordinates within 0.005—0.020 m should be
used.
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E®EKTUBHICTb 3BACTOCYBAHHS CYITY THUKOBUX TEXHOJIOI'T ITIJ] YAC BUKOHAHHS
3EMEJIbBHO-KAJJACTPOBUX POBIT Y HACEJIEHUX ITYHKTAX

Meta. Meta niei poOOTH MoNsTaE y AOCTIKEHHI €()eKTMBHOCTI 3aCTOCYBaHHS CYNyTHHKOBHX TEXHOJIOTIH y
peXnMi KIHEMATHKHA PEaJbHOTO 4Yacy MiJ 9ac BUKOHAHHS POOIT 3 BU3HAYEHHS IUION] 3€MENbHUX AUITHOK Pi3HUX
pO3MIpiB y MEKax HaceaeHoro mynkry. Merommka. Jlias peanizanii miei MeTn eKCIepUMEHTAIbHUX JOCIIIIKESHb MU
TIPOBEJH CYITyTHUKOBI CITOCTEPE)KEHHS Ha ITyHKTaX IMOJIroHOMeTpil Ta Tpianrymsauii M. UepHiroa ta obmacti. ITig
yac IMPOBEJCHHS AOCIDKEHb mependaueHo OTpUMATH KOHTPOJbHI 3HAUYeHHS KOOPAMHAT Ha 0a30BHX MyHKTax,
MOYMHAIOYH 31 CTATHYHUX CHOCTEPEIKEHB. 3a 0a30Bi BUOPAHO MyHKTH TPIaHTYJISALIi HABKOJO HAMpsMKy UepHirosa—
Kuinxka (KIIN), Slueso (JATS), I'nyweus (GLUS), Ha sikMX CIIOCTEPEKEHHS! I€PLIOTo JHs NPOBOAWIN TPU Opuraau B
pexumi “cratmka”’ OuUThIIe HiXK 4 ToawH. 3a Iel 4ac iHmI Tpu OpHUraay MPOBOAWIHM CIHOCTEpEKEHHS Ha ITyHKTax
MICBKOI HOJIrOHOMETpii, mopa3y MmodnHarouu 3 roguHHOro pexmmy “Fast-Static” i motim y RTK-pexumi. [ami
poBepHi npuiiMaui HajalwToByBalMcs Ha rpuiiom rnorpaBok Bia mepexi System.NET. [lyis uboro y KoHrposiepax
CTBOPIOBAJIY WIiCTh MPOEKTIB, SKi MaJId pi3HY KOHQIirypamito. Y pe3ynbTaTi IpOoBeIeHUX JOCHIIKeHbh MH BUKOHAITU
MOJICIOBaHHSL 00’€KTiB pi3HOI (hopmMu Ta po3MmipiB. [Jis 1[bOTO BUKOPUCTAHO MEPEKY MICHKOI IONIrOHOMETpIi, a
TAKOX MYyHKTH TpiaHTyJisiii HaBKOJIO M. UepHirosa, Ha sIKHX BUKOHYBAJIM CYIyTHUKOBI CriOCTepeXeHHs. BuznaueHo
JIeB’ITh MOJIeJIel TIONITOHIB, TUTOMII SIKUX 0OYHCITIOBAJINCS Ha OCHOBI KOOp/AWHAT, BUITMcaHKX 3 Karanora koopauHar i
BAMIpstHUX 3a nomomorolo RTK-pexxumy cynmyTHHKOBUMH MpuiiMadamMu. s TpaHcdopmamii Ta mepeTBOpeHHS
TOYOK  3aCTOCOBAHO KOMITJIEKC,  SIKMH  po3poOmim  HAyKOBI

KOOpAUHAT MPOrpaMHO-METOAUUHUI
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HaykoBo-nocmigHoro iHCTHTYTY reoaesii Ta kaprorpadii. PesyabTaTn. BukoHani neperBopenns koopauHat 3 MCK
y CK63 3a xmoueM i popMmynamu, a MOTiM MEPETBOPEHHS KOOPAUHAT X, ) Ha mpoekuii ['aycca—Kprorepa B reone3ndni
koopaunHatu B, L 3a ¢dopmynamu. Jlisi TEOPETHYHOrO BHM3HAUEHHS TUIOLII AUISIHKM €JINCOoia MU CKOPHCTAIIUCS
METO/IOM YHCIIOBOTO IHTErpyBaHHS 3a KOHTYpPOM, IIO 3aJa€ThCs TEOJE3MYHMMH IMupoTramu B Ta mosrotamu L. 3
METOK 3MEHIICHHS MOXHOOK KapTorpadiuHUX MPOEKLill y MicTaX MM 3aCTOCYBald MICLEBY CHCTEMY KOOpIHHAT,
MaTEeMaTUIHOK OCHOBOIO sKOi € mpoekmis ["aycca—Kprorepa 3i 3MillIEeHUM OCHOBHM MEpPHUAIaHOM. 3Ba)KalO4H Ha Te,
IO CIIOTBOPEHHS Y IIbOMY BUIAAKY OYAyTh MiHIMaJbHUMHU, OOUMCIICHHS IUIOII BU3HAYCHUX MOCICH 00 €KTIB MU
BUKOHYBAJIM 32 KOOPIMHATAMU y MiclieBill cucTeMi. BinnmoBinHO no Halmoi mporpamMu CymyTHHKOBHX CHOCTEpPEKEHb
Ha TYHKTaX IOJIIrOHOMETpii Ta TpiaHTYJAMil BAMIipIOBAaHHS MPOBOAMIOCS B PEXHMMIi PEeaTbHOrO Yacy 3a IIiCTbMa
pi3HuMu  KoHdirypauisimu. Ha OCHOBI mnpoBeneHOro asaiizy TakuX [JOCIHIIKEHb [POaHai30BaHi 3aieKHOCTI
BUMIPSHHUX IUTON[ Ha 3MOJENBOBAHMX [UISHKaX dYepe3 BH3HAUEHHS KOOPAWHAT 3a JOMOMOTOI0 CYNMyTHHKOBHX
CIIOCTEPEKEHb, & TAKOXK MPOBENCHO OLIHKY TOYHOCTI TaKMX BU3HA4YEHb Ta 3pOOJNEHUIl BHCHOBOK IIPO MOJKJIHMBI
JIONYCTHMI BEJIMYMHK CIIOTBOPEHHS! TUIOL AIISIHOK y MeXax IpaHulli HaceineHoro nyHkry. HaykoBa HoBu3Ha. [laHi
TIPOBEJICHNX JIOCHIPKEHb BKOTpPE MiATBEPMIKYIOTh edeKkTHBHICTh 3acTocyBaHHs RTK-crocrepeskens Ta mepexin Ha
HOBY T€OAE3WYHy OCHOBY, CTBOpeHy Ha 0a3i cydacHux BuMiptoBadbHuX GNSS-texnonorid. JlomineHicTh
3aCTOCYBaHHSI MICLIEBOI CHCTEMH KOOPAMHAT JIJisi BU3HAYEHHSsI TJIOIL] HAasiBHE 32 MEBHUX 00CTaBHH, a caMe BiJIOMO, 110
KOJIMIUHI T€OAC3MYHI MEpeXi Ta MEpekKi 3ryUICHHS PO3BUBAJIMCS 3 BIINOBIJHOI HA TOW 4Yac TOYHICTIO
IHCTpyMeHTanbpHOI 0a3u. 3po3yMisio, M0 SKICTh TOMINIHIX MepeX He MOXKe CIIOBHA 3a0€3MeYnTH TOYHOCTI
ChOTOAHIMHIX pobit. IIpoTe, 3a pe3ynbraTaMy HAIUX JOCHTIIHKEHb BUKOPUCTAHHS IYHKTIB MEpEXi HAa JIOKAIEHOMY
PiBHI, sIK Ha PiBHI MICHKOI MMOJIrOHOMETPUUYHOT MEpeXi HACEJIEHOr0 IyHKTY, I1iJ] 4YaC BU3HAUEHHs I1101L 00’ €KTIB /10
800 ra, He BUKJIHMKAa€ CYMHIBIB i 33JOBOJIGHSE BUMOTH TOYHOCTI. IIpakTHuHa 3HAYYIIicTh. [liBUIICHHS TOYHOCTI
KOOPAWHATHUX BU3HAYEHDb IOB’S3aHE i3 BIIPOBAKCHHSM CYYACHUX, IMOKHU 110, 0€3aJIbTEPHATUBHUX CYIYTHHKOBHX
TEXHOJIOTIH. AHali3 JOCIIIKEHb MiITBEPKYE IOLIIBHICT 3aCTOCYBAHHS MICIEBOI CHCTEMH KOOPIMHAT ITif 4ac
BHUKOHAHHS POOIT Ha JIOKAJIBHOMY piBHI Ipu ol 00’ekTa 10 1000 ra. 3a HeoOXiTHOCTI BU3HAUCHHS ILJIOIT 00’ €KTIB
Ginbuux 3a 1000 ra 3 TouHicTio 50 M?, CIiJl BUKOPHCTOBYBATH CYIyTHHKOBI METOMH 3HIMAHHS, SKi 3a0e3MeuyioTh
nmoxuOKy Bu3HaueHHS KoopauHat y mexax 0,005-0,020 m.
Kmouosi crosa: GPS; GNSS; pedepenuni cranuii; JJI'M; mepexi 3ryuenns; RTK-rexnosoris, VRS.
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