GEODESY

UDC 528.2

Petro DVULIT?, Stepan SAVCHUK?, Iryna SOSONKA?3

123 viv Polytechnic National University, Institute of Geodesy, 12, S. Bandery Str., Lviv, 79013, Ukraine, dvupet@ukr.net,
ssavchuk@polynet.lviv.ua, iryna.i.sosonka@Ilpnu.ua *https://orchid.org/ 0000-0003-1803-5116,
2 https://orcid.org/0000-0002-2475-9666 ,https://orcid.org/0000-0002-8740-8687

https://doi.org/10.23939/istcgcap2021.94.005

METROLOGICAL CHARACTERISTICS DIAGNOSIS
OF HIGH-PRECISION GNSS OBSERVATIONS BY METHODS
OF NON-CLASSICAL ERROR THEORY OF MEASUREMENTS

The aim of the research is to diagnose the metrological characteristics of high-precision GNSS-observations by
methods of non-classical error theory of measurements (NETM) based on Ukrainian reference stations. Methodology.
We selected 72 GNSS reference stations, downloaded daily observation files from the LPI analysis center server, and
created time series in the topocentric coordinate system. The duration of the time series is almost two years (March 24,
2019 - January 2, 2021). Using a specialized software package, the time series have been cleaned of offsets and breaks,
seasonal effects, and the trend component has been removed. Verification of empirical distributions of errors was
provided by the procedure of NETM on the recommendations offered by G. Jeffries and on the principles of hypothesis
tests the theory according to Pearson's criterion. The main result of the research. It is established that the obtained time
series of coordinates of reference GNSS stations do not confirm the hypothesis of their conformity to the normal
Gaussian distribution law. NETM diagnostics of the accuracy of high-precision GNSS measurements, which is based
on the use of confidence intervals for assessing the asymmetry and kurtosis of a significant sample, followed by the
Pearson test, confirms the presence of weak, not removed from GNSS-processing, sources of systematic errors.
Scientific novelty. The authors use the possibility of NETM to improve the processing of high-precision GNSS
measurements and the need to take into account the sources of systematic errors. Failure to take into account certain
factors creates the effect of shifting the time coordinate series, which, in turn, leads to subjective estimates of station
velocity, i.e. their geodynamic interpretation. Practical significance. Research of the reasons for deviations of errors
distribution from the established norms provides metrological literacy of carrying out high-precision GNSS
measurements of large samples.

Key words: Gaussian error laws, Pearson-Jeffries error laws; non-classical error theory of measurements (NETM);
GNSS measurements; reference station.

Introduction In the general case, for high-precision

Long-term time series of GNSS stations have determination of coordinates, it is necessary to use

been widely used to monitor Earth's movements (for
example, plate tectonics, sea level changes, pole
motion studies, etc.). First of all, long-term GNSS
observations from the permanent and reference
stations allow us to determine the global and local
movement of tectonic plates, as well as to identify
seasonal fluctuations [Maciuk, et al., 2021]. The
velocities of tectonic plates obtained from coordinate
time series are regularly used as input data for
geophysical models. However, as numerous studies
show, the coordinate time series contain significant
additional annual and semi-annual signals, as well as
“local” systematic signals, which can significantly
affect the reliability of the obtained velocity
estimates. [Blewitt, Lavallée, 2002].

GNSS measurements obtained as a result of
estimating the delay of the navigation signal
propagation in the phase of carrier oscillations,
which are the result of measurements of current
navigation parameters — code and phase pseudo-
distances.

The main errors of GNSS measurements are
related to:

» the difference in time scales between the
user's receiver and a particular GNSS;

* divergence of time scales between a particular
navigation satellite and its navigation system;

» delayed propagation in the ionosphere of
the radio signal of each satellite to the user
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receiver in the operating frequency range, for
example, L1 and L2;

« delay in the propagation of the radio signal in
the Earth's troposphere;

e integer ambiguity of
measurements [Karaim, et al., 2018].

It means that it is necessary to take into account
various systematic influences for the processing of
such time series of GNSS measurements with
residual unaccounted for systematic errors by the
methods of the non-classical error theory of
measurements (NETM). But, in our opinion, the
main component of these changes is the metrological
situation around specific observation stations.
Another reason for annual signals from the global
frame of reference is the surface load due to
hydrology and atmospheric pressure. The study
(Van Dam, et al., 2001) showed that hydrological
models (also taking into account atmospheric load)
strongly correlate with time series of coordinates,
with a decrease in the variance of the residual
heights approximately equal to the variance of
these models. Therefore, seasonal changes, which
are best described with the help of a deterministic
model, are likely to contribute to the error of
determining the rate of change of coordinates,
especially for short-term GNSS observations. As
long as the physical models of the annual signals do
not representatively describe the observed
changes, a reasonable solution to this problem is to
estimate the annual signal simultaneously with the
station velocity and the initial coordinates. Another
strategy is to use, for example, spatio-temporal
filtration [Wdowinski, et al., 1997], which will not
be effective enough for large regions, or studies of
the stability of major tectonic plates.

It should also be noted that geodetic surveys
almost always rely on an accurate global reference
frame ITRS/ITRF. For example, such a reference
frame is important for accurate satellite orbits
created by the International GNSS Service (IGS),
Earth rotation parameters created by the International
Earth Rotation Service and reference systems
(IERS), global reference station coordinates, and
rates of change to determine the kinematics of
relatively stable tectonic plates for research of
deformations. The current procedures for creating
implementations of the terrestrial reference system
IERS -ITRF do not take into account the annual

pseudo-phase

signals when obtaining the velocity of coordinates
changes or even “local systematic signals”.

As a rule, annually repeated signals usually
contain not only the annual sinusoidal component
but also the annual harmonics. Thus, estimating
only the annual amplitude and phase will not
mitigate the full effect of this signal.

Depending on the nature of the signal and other
factors that cause time series changes, specific
methods are needed to distinguish between signals
from tectonic movement and other non-tectonic
signals, such as seasonal or local changes. These
methods can be used both for visual interpretation
and time series pre-processing, and statistical
analysis for their accuracy and the need to take into
account several sources of systematic errors [Jiang,
etal., 2017].

Visual interpretation and pre-processing of the
obtained time series of coordinates includes
detection and removal of shifts, offsets, and breaks,
noise characteristics, assessment of the trend and
seasonal changes, as well as analysis of residual
errors. The most common tools for such purposes
are GGMatlab (TSView) [Herring, 2003], FODITS
[Ostini, et al., 2008], CATS, Hector, iGPS, and
others. The TSView subroutine is a complement to
the GAMIT / GLOBK software package, and
FODITS is built into the BERNESE software, and
standalone CATS programs [Williams, 2008],
Hector, iGPS [Tian, 2011], etc.

Regarding statistical analysis on the need to take
into account several sources of systematic errors, it
is possible to use a wide range of mathematical
approaches. One of them is the non-classical error
theory of measurements (NETM).

In this article, it is offered to consider concrete
concepts of NETM concerning GNSS observations
at reference stations of Ukraine for 2019-2020 and
to analyze results of researches from the point of
view of geodynamic changes of components of
topocentric coordinates.

The aim

The purpose of the research is to diagnose the
metrological characteristics of high-precision
GNSS observations by NETM methods in order to
assess the suitability of GNSS stations to solve
problems of the highest accuracy as well as
geodynamics.
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Methodology

Today the reliable accuracy of determining the
absolute coordinates of geodetic points from GNSS
observations is 1 cm and the velocity is 1-2 mm /
year [Dvulit, et al., 2020]. The creation of
automated observation systems is the most
significant challenge of the modern era, which led to
the significant growth of measurements due to their
automation and computerization. In practice, this
means that Gauss's classical error theory of
measurements (CETM) in the processing of large-
scale observations can not ensure the effectiveness
of the estimate [Dvulit, et al., 2021]. Considering the
distributions of observations of large volumes series
errors, the English scientist Jeffries made a
confident conclusion that with the sample of
observations n>500 hypothesis of normality is
practically and theoretically impossible because in
this case, the measurement errors do not obey
Gauss's law. In this case, the errors are subject to the
Pearson type VII distribution with a diagonal Fisher
information matrix:

-2 -m
f(x) = \/Zn(mii)r.r;:}()m+0.5) . il [1 * %(xTA) ] ! (1)
where I'(m) - gamma function, l,o -
mathematical expectation and scattering parameter,
m — key parameter of the law (1), which is a
measure of its deviation from the normal law,
M= (m-05)3%-m—2

Now it is necessary to master the processing of
observations in non-Gaussian distributions of their
errors. The use of the Pearson type VII distribution
form allows controlling the absence of non-
random, i.e. correlated errors in the results of
observations.

Thus, if the errors of large samples obey the
Pearson-Jeffries law, the form of this distribution is
determined by the magnitude of the value of the
kurtosis. It means that each instrument and even the
location of the station has values of kurtosis
and deviation from Gauss's law, which is
characterized by a key metrological characteristic of
errors distribution. Based on mass verification of
this law due to the results of empirical distributions
of errors for economic, space, astronomical,
gravimetric, and geodetic studies, it has been
established [Dvulit, Dzhun, 2017, Dzhun, 2015]:

1. The value of kurtosis:

a) economics € = 2.895+ 0.142;

b) space e = 1.719 £ 0.052;

c) astronomical € = 1.077 = 0.015;

d) gravimetric e = 0.810 £ 0.105;

e) geodetic e = 0.767 = 0.034.

2. The asymmetry of these series of observations is
small and insignificant.

3. The parameter m, that determines the magnitude
of the kurtosis is considered as a measure of the
deviation of the Pearson-Jeffries distribution from
Gauss's law. Random independent errors at large
volumes of measurements (n> 500) obey Pearson-
Jeffries law with an exponent within:

3<m<5.

4. The effect of unextracted, correlated systematic
errors in the results of observations can be
neglected only if the confidence interval for their
asymmetry covers zero, and the confidence interval
for kurtosis covers zero or is in the positive region:

A; =0; & =0.

5. NETM relies on CETM to further the
effectiveness of assessments and improve the
processing of high-precision observation results.

We selected 72 Ukrainian GNSS reference
stations to verify the conformity of the results of
empirical coordinates distributions (topocentric and
geocentric) to the Pearson-Jeffries law. The main
feature of the choice of stations was the presence of
a continuous series of observations.

The Department of Higher Geodesy and
Astronomy regularly processes the GNSS
observations of the above stations in Ukraine.
Processing of GNSS-observation data is carried out
in the software package GIPSY-OASIS. Several
additional programs are used to create time series,
first one total file to select a geocentric series for a
particular station and then to convert to a new file
with time series in the topocentric coordinate system
N,E,U.

For the convenience of further analysis, the
stations were grouped into blocks according to
different characteristics: by the height of the station
location, by geographical location, and by the
manufacturer (equipment) of the devices installed at
the station. The first division into blocks by height
has the following blocks: less than 150 m (11
stations), from 150 to 250 m (29 stations), from 250
to 350 m (12 stations), from 350 m (9 stations). The
following division by geographical location
is as follows: West (24 stations), North Center
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(24 stations), South Center (14 stations), and East (8
stations). The division by equipment used at the
station has the following blocks: Novatel (27 stations),
Leica (12 stations), Trimble (10 stations), Topcon
(13 stations). The duration of observations on each
of them is 2 years (from March 24, 2019 (2046 GPS
week) to January 2, 2021 (2138 GPS week)).

We used the iGPS software package to pre-check
the stability of the observation station. The program
can automatically select stations with the needed
length of observations from the list of stations.
Using this software we can determine the presence
of a trend component of the time series. If the station
time series has a nonlinear offset, it must be
removed from processing by <Outlier>. Sometimes
some sections of time series are nonlinear or
intermittent. In this case, these areas can be removed
from the time series. The software also determines
and displays on the graphical interface the value of
the RMS for each coordinate component separately.
For automatic estimation of the linear annual
velocity and smaller ranges, we use the utility
<Model>. If there are undetected displacements and
offsets after using this utility, we can easily detect
them by looking at the residual time series graph.
We can then manually identify and remove them
using the utility <Offset Selector> while saving
them in a special offset file.

We use a utility to account for these offsets
<Model> again using the offset file. Figure 1 and
Figure 2 show a graphical example of BORZ time
series before and after applying the “clean”
procedures based on iGPS respectively.
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Fig. 1. The “‘raw” time series of BORZ station
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Fig. 2. The “clean’ time series of BORZ station

The next step was calculating the mean values of
the spatial topocentric coordinates N, E, U
(ITRF2014, t) and the error of the deviations of each
individual value from the sample mean. Thus, we
obtained time series empirical errors in determining
the spatial topocentric coordinates of the appropriate
stations.

Results and Discussion

Any deviation of their true distribution from the
ideal mathematical form is caused by the action of
systematic errors, which become noticeable in a
large number of observations. These deviations are
expressed by the values of asymmetry and kurtosis
of the true error distribution. If the weight function
is non-singular, provided

A=0;ie=0. 2

Then any deviation from these conditions will be
evidence of the strong and unacceptable influence of
the systematic error variables.

To verify that the obtained observation results
fall within the permissible estimate A, it is necessary
to construct confidential intervals for the asymmetry
and the kurtosis values of errors, that can be
obtained from unbiased moment estimates:

A= _\/”(”_1)7"_135 : 3)

n-2 m;

n(n-2)(n-3) m3 n(n-2)(n-3)

where n is a sample, m,. represent the sample center
moments of order r, calculated by measurement
results of x;:
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m,=n 1Y -x); x=n"¥x, (5
where x; is the station coordinates, x is an average
coordinate value.

We use the standard errors of these statistics to
construct confidential intervals for asymmetry and
kurtosis:

4mimg — 12m,mymg — 24m3m + 9m2m, + 35mZm? + 36m3

Sy = . ; (6)
dmsn
2 3 3 2,2
s, = |mymg — 4m;myme — 8mymams + 4my — mymy +\/16mZm§m4 + 16m3m3, @)
mén

where m,. is the center moments of order r, n is a
sample.

Having received the value 4, & o4, of by
formulas (3-4, 6-7), defining confidential intervals
for 4 and &:

Axty-SyextySe, (8)

where t5 quantile, determined by the Laplace
function for the significance level a; s, and s,
calculated by the formulas 5 and 6.

If the confidence intervals cover zero, then it is
possible to limit ourselves to the methods of
estimating the NETM, during GNSS measurements.
All other cases will indicate different deviations in
the station operation or a harsh, unacceptable
deterioration of the observing conditions.

The results of our studies are shown in Tables 1,
2, and 3. They give confidence intervals for
asymmetry and excess for each component of
coordinates, as well as the number (N) of negative
and positive values of these intervals.

According to the theory of testing Neumann-
Pearson hypotheses, if the confidence intervals
cover zero, it is a necessary and, as a rule, a
sufficient sign of the normality of measurement
errors. If, however, at least one confidence interval
does not cover zero, then to solve the question of
nonsingularity or singularity of the weight
function, we must remember that only the laws of
Gauss and Pearson-Jeffries provide the possibility of
obtaining nondegenerate estimates in the mathematical
data processing [Dvulit, Dzhun, 2019].

Table 1
Confidential intervals for A and & depending on the height
of the selected GNSS reference stations

H.m Confidential intervals for Ag Confidential intervals for e
Negative N Positive Negative N Positive N
0-150 | N | -0.436<A4,<-0.048 9 0.003<As<0.676 11 -0.732<e,<-0.265 5 0.052<e,<2.002 15
E| -0.977<A,<-0.040 15 0.201<As<0.706 5 -0.630<e,<-0.170 4 0.246<e,<2.439 16
U| -0.488<A4,<-0.003 6 0.009<As<0.629 | 14 -0.088 1 0.056<e,<2.773 19
150- | N| -0.583<4,<-0.017 25 0.025<As<0.930 | 33 -1.299<e,<-0.065 18 0.008 <e,<2.790 40
20 E| -1.228<A,<-0.001 25 0.000<As<0.887 | 33 -1.344<e,<-0.017 17 0.006 <e,<4.469 4
U| -0.573<A4,<-0.003 30 0.035<A<0.640 | 28 -1.377<e,<-0.004 19 0.001 <e,<2.212 39
250- | N| -0.507<4,<-0.021 10 0.033<A4,<0.843 14 | -0.754 <e,<-0.011 8 0.083 <e,<2.468 16
30 E| -0.579<A4,<-0.010 7 0.001<A4,<0.928 | 17 -0.868<e,<-0.028 8 0.050 <e,<3.422 16
U| -0.559<A,<-0.064 11 0.000<A,<0.770 | 13 | -1.117 <e,<-0.142 5 0.076 <e,<2.433 19
More | N | -0.817<A,<-0.077 13 0.009<4,<0.325 7 -1.256 <e,<-0.008 6 0.066 <e,<1.745 14
40 E| -0.414<4,<-0.072 5 0.061<A,<1.323 | 15 | -0.626 <e,<-0.253 2 0.264 <e,<4.747 18
U| -1.017<A,<-0.244 | 11 0.019<A,<0.569 9 -1.352 <e,<-0.327 4 0.156 <e,<3.188 16
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Table 2
Confidential intervals for A and & depending on the geographical location
of the selected GNSS reference stations

Part Confidential intervals for Ag Confidential intervals for e
Negative N Positive N Negative N Positive N
West | N| -0.817<A4,<-0.030 | 25 0.009<A,< 0.834 23 -1.299<e,<-0.008 10 0.066<e,<2.468 38
E| -0.689<4,<-0.010 | 14 0.001<A,<1.323 34 -1.344<e,<-0.052 5 0.144<e,<4.745 43
U| -1.017<4,<-0030 | 29 0.000<A4,<0.569 19 -1.377<e,<-0.327 6 0.156<e,<3.188 42
North- | N | -0.583<4,<-0.017 | 20 0.035<A4,<0.930 26 -1.125<e,<-0.065 12 0.008<e,<2.790 34
Center I e 1 228<4,<-0001 | 17 | 0.000<A.<0887 | 29 | -0.863<e,<-0.017 | 15 0.006<e,<4.469 31
U| -0.425<4,<-0003 | 18 0.058<A4,<0.640 28 -0.775<e,<-0.004 16 0.001<e,<1.374 30
South- | N| -0.550<4,<-0.021 | 12 0.033<4,<0.676 16 -0.754<e,<-0.011 10 0.072<e,<2.002 18
Center "E T 0.977<4.<0024 | 15 | 0.089<4,<0545 | 13 | -0.868<e,<-0.028 | 9 0.050<e,<3.111 19
U| -0.537<4,<-0.029 | 14 0.009<A,<0.770 14 -1.117<e,<-0.142 8 0.010<e,< 2.142 20
East N| -0.351<A4,<-0.078 7 0.003<A,<0.468 -0.732<e,<-0.194 7 0.047<e,<1.042 9
E| -0933<4,<-0040 | 11 0.198<A,<0.631 5 -0.630<e,<-0.170 4 0.144<e,<2.074 12
U| -0.156<4,<-0.050 4 0.145<4,<0.912 12 -0.088 1 0.203<e,<2.773 15

Table 3
Confidential intervals for A and & depending on the equipment
of the selected GNSS reference stations

Equip Confidential intervals for A, Confidential intervals for e,
Negative N Positive N Negative N Positive N
novatel | N | -0.753<4,<-0.038 | 24 0.003<A,<0.678 30 -1.256<e,<-0.050 30 0.014<e,<1.312 24
E| -0.691<A,<-0018 | 23 0.014<A<0.758 31 -0.630<e,<-0.028 17 0.006<e,<3.111 37
U| -0.594<A,<-0.029 | 27 0.009<4,<0.629 27 -1.352<e,<-0.004 16 0.056<e,<3.188 38
leica N | -0.358<4,<-0.017 10 0.061<A4,<0.930 12 -0.424<e,<-0.011 2 0.008<e,<2.790 20
E| -1.228<4,<-0.001 | 15 0.097<A<0.437 7 -0.802<e,<-0.199 5 0.179<e,<4.469 17
U| -0.470<A,<-0.030 7 0.064<4,<0.621 15 -0.831<e,<-0.143 4 0.077<e,<2.212 18
trimble | N | -0.817<4,<-0.021 12 0.040<A,<0.834 8 -0.065 1 0.066<e,<2.468 19
E | -0.980<A,<-0.052 6 0.000<A,<1.323 14 -0.868<e,<-0.052 5 0.290<e,<3.786 15
U| -0.635<A,<-0.036 | 10 0.000<A4,<0.640 10 -0.664<e,<-0.067 4 0.076<e,<3.010 16
topeon | N | -0.512<A4,<-0.048 | 13 0.022<A4,<0.587 13 -1.299<e,<-0.194 4 0.070<e,<1.862 22
E| -0.933<4,<-0.010 7 0.085<4,<0.928 19 -1.344<e,<-0.017 5 0.144<e,<2.790 21
U| -0.559<A,<-0.003 | 12 0.085<A,<0.561 4 -1.377<e,<-0.052 4 0.001<e,<2.773 22

The distribution of stations according to the
above criteria did not show any features in the
distribution of coordinate errors. Therefore, we can
conclude that the results obtained depend on the
local characteristics of the stations.

If the estimates of the parameters are derived
from the general set of individual values of a random
variable that obeys the normal distribution law, then
this is not a guarantee that the estimates themselves
also have a normal distribution.

Note that the calculated confidence intervals
for the asymmetry as a whole for most of the
components of the topocentric coordinates of the

reference stations cover zero, which confirms the
hypothesis 4=0. Confidence intervals for the excess
of the corresponding components of the coordinates
are in the positive region, which confirms the

hypotheses: 4=0, €>0.

For this case, the weight function of the
empirical distribution is not singular, which
means that the estimate is acceptable but the
distribution of errors is not ideal, because it
confirms the effect of weak, not excluded
systematic errors. To improve the quality of
estimates, the following approximation is needed
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to estimate the parameters of the mathematical
model using NETM methods.

Conclusions

Based on the analysis of the obtained results, we
made the following conclusions:

1. After applying the procedures of “cleaning”
time series based on the software package iGPS, we
obtained a decrease in the values of the RMS for all
stations by an average of 5-15 %. Based on these
values, it can be concluded that the effect of
unexploited or incorrectly simulated errors can
significantly affect the results of observations.

2. The analysis of the time series of Ukraine
reference stations based on high-precision GNSS
measurements did not confirm the hypothesis
of their conformity to the normal Gaussian
distribution law.

3. All empirical characteristics of time series
show that the distribution of errors is not perfect,
because it confirms the effect of weak, unaccounted
for sources of systematic errors.

4. From the point of view of classical error theory
of measurements (CETM), measurements at stations
are satisfactory: asymmetry is insignificant in all cases,
and confidential intervals cover zero only in 44 % of
cases for the North component, 41% for the East
component and 52 % for the Up component.

5. The real distribution of measurement errors is
not conforming to the normal distribution law, but
corresponds to the outdated notions of the classical
error distribution law.

6. Further work will focus on identifying the
reasons that distort the real distribution, to bring its
form to the ideal, and asymmetry and kurtosis to the
appropriate limits of the Pearson-Jeffries VII type
law.

References

Blewitt, G., & Lavallée, D. (2002). Effect of annual
signals on geodetic velocity.J. Geophys. Res. Solid
Earth, vol. 107, no. B7, pp. ETG 9-11.
https://doi.org/10.1029/2001JB000570.

Dvulit, P. D., & Dzhun, I. V. (2017). Application of
methods of the non-classical error theory in
absolute measurements of galilean acceleration.
Geodynamics, 1(22), 7-15. (in Ukrainian).
https://doi.org/10.23939/jgd2017.01.007.

Dzhun, I. V. (2015). Nonclassical errors theory of
measurements. Publishing house: “Estero”, Rivne.
168 p. (in Russian).

Dvulit, P., & Dzhun, J. (2019). Diagnostics of the high-
precise ballistic measured gravity acceleration
by methods of non-classical errors theory.
Geodynamics, 1(26), 5-16. https://doi.org/10.23939/
jgd2019.01.005.

Dvulit, P., Savchuk, S., & Sosonka, I. (2020). The
processing of GNSS observation by non-classical
error theory of measurements, Geodynamics, 1(28)
19-28. https://doi.org/10.23939/jgd2020.01.019.

Karaim, M., Elsheikh, M., Noureldin, A., & Rustamov, R. B.
(2018). GNSS error sources. Multifunctional
Operation and Application of GPS; Rustamov, R. B.,
Hashimov, A. M., Eds, 69-85. https://doi.org/
10.5772/intechopen.75493.

Herring, T. (2003). MATLAB Tools for viewing GPS
velocities and time series. GPS Solut., 7, 194-199.
https://doi.org/10.1007/s10291-003-0068-0.

Jiang, W, He, X., Montillet, J.-P., Fernandes, R., Bos, M.,
Hua, X., Yu, K., et al. (2017). Review of current
GPS methodologies for producing accurate time
series and their error sources. Journal of
Geodynamics, 106, 12-29. https://doi.org/10.1016/
j.J0g.2017.01.004.

Maciuk, K., Varna, I., & Xu, C. (2020).Characteristics of
seasonal variations and noises of the daily
double-difference and PPP solutions. Journal

of Applied Geodesy, 2021; 15(1): 61-73.
https://doi.org/10.1515/jag-2020-0042.
Ostini, L., Dach, R., Meindl, M., Schaer, S.,

Hugentobler, U. (2008). FODITS: A New Tool of the
Bernese GPS Software. In Proceedings of the 2008
European Reference Frame (EUREF), Brussels,
Belgium, 18-21 June 2008; Torres, J. A., Hornik, H.,
Eds.

Tian Y. (2011). iGPS: IDL tool package for GPS position
time series analysis. GPS Solutions., 15(3), 299-303.
https://doi.org/10.1007/s10291-011-0219-7.

Van Dam, T., Wahr J., Milly P. C. D., Shmakin A. B.,
Blewitt G., Lavallee D., Larson K. M. (2001).
Crustal displacements due to continental water
loading, Geophys. Res. Lett., 28, 651 654.

Wdowinski, S.,Y. Bock, J. Zhang, P. Fang, J. Gengrich.
(1997). Southern California Permament GPS Geodetic
Array: Spatial filtering of daily positions for
estimating coseismic and postseismic displacements
induced by the 1992 Landers earthquake, J. Geophys.
Res., 102, 18,057- 18,070.

Williams, S. D. P. (2008). CATS: GPS coordinate time
series analysis software. GPS Solut., 12, 147-153.
https://doi.org/10.1007/s10291-007-0086-4.


https://doi.org/10.1029/2001JB000570
https://doi.org/10.23939/jgd2017.01.007
https://doi.org/10.23939/
https://doi.org/10.23939/jgd2020.01.019
https://doi.org/
https://doi.org/10.1007/s10291-003-0068-0
https://doi.org/10.1016/
https://doi.org/10.1515/jag-2020-0042
https://doi.org/10.1007/s10291-011-0219-7
https://doi.org/10.1007/s10291-007-0086-4

12 Geodesy, cartography and aerial photography. Issue 94, 2021

Ierpo ABYJIT?, Crenan CABUVYK?, Ipuna COCOHKAS

123 HanionansHuit yHiBepcuteT “JIbBiBchbKa moniTexHika”, IacTutyT reonesii, Byn. C. Banaepu, 12, JIbsis, 79013, Vkpaiua,
dvupet@ukr.net, ssavchuk@polynet.lviv.ua, iryna.i.sosonka@Ipnu.ua, thttps://orchid.org/ 0000-0003-1803-5116,
2 https://orcid.org/0000-0002-2475-9666,°https://orcid.org/0000-0002-8740-8687

JIIATHOCTHKA METPOJIOI'TYHOI XAPAKTEPUCTUKHM BUCOKOTOUYHUX GNSS-CIIOCTEPEXEHD
METOJAMM HEKJIACUYHOI TEOPIi TOXHMBOK BUMIPIB

Merta JOCHIIKEHHS — MPOBECTH JAIarHOCTHKY METPOJIOTIYHOI XapakTepucTHku BHcokoTodHMX GNSS-cnocrte-
pexeHb MeToIaMU HeknaciuyHoi Teopii moxubox BuMipis (HTTIB) Ha npuknazi pedepeHIHUX cTaHLiil Ykpainu. Hamu
oyno mimibpano 72 pedepenini GNSS-craniiii Ykpainu, 3aBaHTaXeHO A000Bi (ailin crocTepekeHb i3 cepBepy
HeHTpy aHanizy LPI, Ta cTBopeHO 9acoBi cepii B TONOLEHTPUUHIN cucTeMi KOOpIUHAT. TpUBANiCTh YaCOBUX Cepiif
CTaHOBUTH Maibke nBa poku (24 Gepesnst 2019-2 ciyns 2021). I3 BUKOPHUCTAHHAM CIIENiali30BAHOTO MPOTPAMHOTO
MaKeTy BUKOHAJM OYMIICHHS YacOBHX CEpiil BiJ BHUCKOKIB, pO3PHBIB, CE30HHHUX BIUIMBIB, Ta BHIYYEHO TPEHIOBY
ckianoBy. llepeBipka eMmipUYHUX PO3MOALTIB MOXMOOK 3abe3medyBanacs HPOLEIYPOI0 HEKJIACHYHOI Teopii
moxuOOK BUMIpiB Ha OCHOBI peKOMEHIaMiH, 3anpomoHoBanux . ke dpicom 1 Ha MpUHIMIIAX TeOpii mepeBipok
rimotes 3a kputepiem [lipcona. BcraHoBieHO, 0 OTpUMaHi 4acoBi cepii KOOpAWHAT Ha O1IBIIOCTI pedepeHITHUX
GNSS-cTanuiif He MiATBEPHKYIOTH TiMIOTE3y MPO iX HMIAMOPSIAKYBaHHS HOPMaJbHOMY 3aKOHY po3noaity [aycca.
IpoBenennss HTIIB-giarHocTuku TOYHOCTI BHCOKOTOUHMX GNSS-BuMIpIB, sika IPYHTYeTbCS Ha BHKOPUCTaHHI
JIOBIPYMX IHTEPBAJIIB IS OIIIHOK aCHMETPIi 1 €KCIIeCY 3HAYHOT BHOIPKH i3 HACTYITHIM 3aCTOCYBaHHsM — TecTy IlipcoHa,
HIATBEP/KY€E HAsIBHICTh cllabKuX, He BuityueHHX 13 GNSS-onpairoBaHHs [pkepen CUCTeMaTHYHUX ITOXUOOK. ABTOpaMu
3anistHa MoxiuBicte HTIIB 1nst BEOCKOHAJeHHS METONMKHM OIpaiioBaHHs BHCOKOTOUHMX GNSS-BuMipiB Ta
HEOOXiHICTh BpaxyBaHHS JHKEPe CHCTEMAaTHIHUX MOXUOOK. HeBpaxyBaHHS OKpeMUX (aKTOPiB MOPOIKYIOTh SHEKT
3MIIIEHHS YacOBOTO KOOPAWHATHOTO PsAY, IO, CBOEIO YEProro, 3yMOBIIOE CyO’ €KTHBHI OLIHKH IIBHIKOCTEH PyXy
CTaHLii, TOOTO IXHIO T€OAMHAMIUHy iHTepIpeTalifo. J(OCHi/KeHHS MPUYNH BiIXWJICHb PO3MOAITY MOXHOOK Bif
BCTaHOBJICHMX HOPM 3a0e31edye METpOJIOTidHy TpaMOTHICTh iHTeprpeTanii BucokotouHux GNSS-BuMIpiB BEIHKOro
o0csry.

Knouogi crosa: 3axonn moxubok ['aycca; [lipcona-/xeddpica; Hekmacuana Teopis moxubok Bumipis (HTIIB);
GNSS-BuMipH; pedepeHiiHa CTaHIIiS.

Received 13.10.2021


mailto:dvupet@ukr.net
mailto:ssavchuk@polynet.lviv.ua
mailto:iryna.i.sosonka@lpnu.ua
https://orchid.org/
https://orcid.org/0000-0002-2475-9666
https://orcid.org/0000-0002-8740-8687

