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The subject of research of this paper is anomalies in the final products of the International GNSS Service
(1GS), namely in the orbits and clock drifts of navigation satellites (NSs). The purpose of research is to determine
the influence of such anomalies on the accuracy of solving the precise point positioning (PPP) problem. The
method of approximation by polynomials of high degrees previously proposed by the authors is used as a method
for detecting and distinguishing anomalies in the orbits of navigation satellites. The methodology recommended
by the 1GS is used in solving the PPP problem. The proposed method for detecting and distinguishing anomalies
in orbits is applied to the analysis of anomalies in the orbits of GPS navigation satellites. The examples of anoma-
lies that can be detected using the proposed method are demonstrated. The brief statistical analysis and compari-
son of the frequencies of anomalies occurrence in the orbits of GPS navigation satellites published by various 1GS
analytical centers from 2010 to 2018 are presented. It is shown that orbital anomalies occurring at the bounda-
ries of daily intervals are, as a rule, correlated with anomalies in clock drifts and have a partially mutually com-
pensating effect on the solution of navigation problems. Experiments showed that when solving the PPP problem,
anomalies significantly increase the root-mean-square deviation (RMSD) of the solution residual. Two options for
solving the problem with anomalous orbits are considered: the exclusion of satellites with anomalous boundaries
of daily intervals from the solution and the “correction™ of the anomaly in the orbit. The most natural method of
correcting orbits (changing the orbit in order to remove large anomalies) at the boundaries of the daily segments
of the published final orbits was tested. The exclusion of satellites with anomalies in the orbit turned out to be the
most effective from the point of view of PPP problems, since attempts to “"correct” the orbit more often led not to a
decrease in the RMSD of the pseudorange residuals, but to its increase, which is associated with correlated
anomalies in the navigation satellite clock drift. According to the research results, we can conclude: before solv-
ing the PPP problems, it is necessary to study the orbits and the navigation satellites clocks drifts for the presence
of anomalies by the proposed methods and, if possible, to exclude such satellites from the data used to solve the
PPP problem. Our proposed methods for detecting and accounting for anomalies in the orbits and clocks of nav-
igation satellites, in addition to obvious applications to solving ground navigation problems, are also applicable
to monitoring the quality of the space and ground segments of the GLONASS and GPS systems.
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Ilpeomemom ucciredosanuss 6 OawHOU pabome AGIAOMCA AHOMAIUU 6 DUHATLHBIX  NPOOYKMAX
Meowcoynapoonou cayacovr THCC (1GS), a umenno 6 opoumax u yxo0ax uaco8 HABULAYUOHHBIX CHYMHUKOS
(HKA). Lenv uccnedoganus: onpedenumv 6IuUsAHUE MAKUX GHOMAAUL HA MOYHOCMb peuienus 3a0aqu
gvicokomounozo nosuyuonuposanus (PPP). B xauecmee memoda Onst 0GHAPYICEHUSL U PASIULCHUS AHOMAIUTL 8
opoumax HAaBULAYUOHHBIX CHYMHUKOG UCHONb3YEmCs ONUCAHHLIL panee asmopamu Memoo annpoKcumMayuu
noaunomamu evicoxux cmenerei. Ilpu pewenuu 3aoauu PPP ucnonvzyemca memooonocus, pexomendosanuas
IGS. Ilpeonosicennviii Memoo oOHAPYI’CEHUA U PAZTUYEHUS AHOMATUL 8 OPOUMAX NPUMEHEH K AHAAU3Y AHOMAULL
6 opbumax HagueayuouHwvix cnymuuxkog GPS. [Ipodemoncmpuposanvl npumepvl aHoManuti, KOmMopwvle MONCHO
O0OHAPYIICUMb, UCHOTIB3YSA NPEOTONHCEHHBIU Memo0. [Ipueooumcs Kpamrkutl cmamucmudeckuil aHanu3 U CpasHeHue
yacmom nosenenus aHomauil 6 opoumax Hasueayuonnvix cnymuuxose GPS ¢ 2010 no 2018 e2., onybauxosantvie
paznuynvimu anarumudeckumu yeumpamu |GS. Ioxkazvieaemces, umo anomanuu 6 opoumax, ecmpeyarouuecs Ha
CMBIKAX CYMOYHLIX UHMEPBANO8, KAK NPABUNO, KOPPEIUPOBAHbL C AHOMAAUAMU 8 YX00aX 4Ydco8 U UMerom
YACTHUYHO 83AUMHO KOMNEHCUPYIOWULL dpghekm Ha peuteHue HABULAYUOHHLIX 3a0ay. DKCnepumenmul noKa3aiu,
umo npu pewenuu 3adauu PPP anomanuu cywecmeenno ygeauuusaiom cpeoHekeaopamuyHoe OmKIOHEHUe
(CKO) nessisku pewenus. Paccmompenvt 06a eapuarnma pewienus npodiemvi ¢ AHOMATbHBIMU OPOUMAMU:
UCKTIIOYeHUe U3 peuleHUsi CHYMHUKO8 C AHOMANbHLIMU CMBIKAMU CYMOYHBIX UHMEPBANo8 U «UCHpasieHue)
anomanuu 8 opoume. Onpobosana HauboIee eCmecm8enHAsk MemoouKda UCNPasieHus opoum (UsmeHeHuss opoumuvl
€ yenvio yoaneHus OONbUUX AHOMATUL) HA CIMBIKAX CYMOYHBIX OMPe3K08 NYyOIUKYeMbIX (DUHATLHLIX OpOum.
Haubonee s¢pgpexmusnvim ¢ mouxku spenus 3adau PPP oxazanocv uckirouenue cnymuuxos ¢ aHOMAIUAMU 6
opbume, maxk Kaxk MNONLIMKU «UCHpAsUmMby opboumy uauje npugoounu He K ymeHvutenuio CKO Hegaz0K
ncegooOanbHOCHel, A K €20 YBeIUdeHUulo, 4mo CEA3aHO C KOPPEeIUPOSAHHbIMU AHOMATUAMU 8 YX00e Ydacog
Hasueayuonnozo cnymuuxa. Ilo pezynomamam uccied08anus MOJICHO COeNAMb 8bIB00: Neped peuienuem 3a0ay
PPP  Heobxooumo uccredoeamv npeonodiceHHbiMu Memooamu opoumvl U YXoo0bl YACO08 HABUSAUUOHHBIX
CHNYMHUKOB8 HA NPUCYMCMEUE 8 HUX AHOMANULL U NO 8O3MOICHOCIU UCKTIOUAMb MaKue CNYMHUKU U3 OAHHbIX 0715
pewenun 3adauu PPP. Ilpeonacaemvie namu memoovt oOHapysicenus u yuema aHOMAnuti opoum u 4acos
HABULAYUOHHBIX CHYMHUKO8, KPOMe OYEeBUOHbIX NPUNLOJCEHUll K pPeuleHur0 HA3eMHbIX HABULAYUOHHBIX 3a0a,
npuUMeHuMbl U 0/l MOHUMOPUHA KAYecmea pabomul KOCMUYECK020 U Hazemnozo ceemenmog cucmem I JIOHACC
u GPS.

Kmouesvie crosa: 1GS, GPS, opoumuvr cnymuuxos, uacel cnymnuxos, PPP.
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Introduction

The problem of precise point positioning (PPP) is of great importance in geodesy and is one of the ways
to use global navigation satellite systems (GNSSs). To solve this problem, phase and code measurements
from a navigation receiver as well as updated information about the orbits and clocks of navigation satellites
are used. The analytical centers of the International GNSS Service (IGS) [1]: IAC GLONASS [2], CODE
[3], ESA [4] and others are a source of information about the updated (final) orbits and clocks (frequency-
time corrections to the satellite time scale). Information about the orbits is transmitted in the SP3 format for
each daily time interval in the form of time series of data with a time step of 15 min [5], information about
the satellite clock is transmitted in the CLK format with a time step of 30 s or 5 min [6]. The method for de-
tecting anomalies in orbits used by us was previously described in detail in [7; 8] and allows detecting small
(centimeter) anomalies in the orbits of navigation satellites. Also, in [7] it is noted that at the boundaries of
daily intervals there are often discontinuities ("jumps™) in orbits. It is not difficult to detect anomalies in
clock drifts: it is enough to remove linear and quadratic (for large time intervals) trends using the least
squares method (OLS).

We made attempts to "correct™ the detected orbit anomalies, that is, to correct the orbit so that a new orbit
would not have a discontinuity at the boundary of the day and would be close to the published final orbits.
However, such a correction did not always lead to an increase in the positioning precision or worsened it.
This is due to the presence of similar anomalies in the time information (the NS clock drift).

Orbit anomaly detection method

The technique for anomalies searching in SP3 data (standard text format for ephemeris IGS products,
available in daily intervals with a step of 15 min in time) consists in searching for orbital discontinuities
(time series jumps) at the boundary of two daily intervals by approximating each of the satellite coordinates
for this two-day interval by a high degree polynomial. Next, the approximation residual is calculated. As it is
shown in [7; 8], from the obtained residual it is easy to determine the type of anomaly ("jump™ or "ejection”,
as well as the satellite maneuver or the period of entering the shadow). The approximation method we used is
based on the application of a precomputable set of discrete orthogonal Chebyshev — Khan polynomials [8].
Such polynomials are calculated in timestamps of the analyzed series up to the chosen degree r (in our case,
r = 100), after which the polynomial of the best RMS approximation is easily calculated. The main problem
is calculating Chebyshev-Khan polynomials. The standard formulas of the theory of orthogonal discrete pol-
ynomials are not suitable due to the accumulation of large errors for high degrees and with a large number of
points (in our case, 192 points). Stable algorithms for computing Chebyshev — Khan polynomials are de-
scribed in [8]. In this work, we used a software package [9] adapted to the problem of approximating orbits.
The method of polynomial approximation is much simpler than the approach considered earlier in [10; 11],
which provided for high-precision modeling of the motion of the NS by solving the equations of motion us-
ing a lot of additional data.

For the precise positioning problems we are solving, not the orbital anomaly along each individual coor-
dinate is important, but the value of its projection onto the sighting axis between the satellite and the receiv-
er. To simplify the analysis, the center of mass of the Earth was used as the coordinates of the receiver, i.e.,
the value of the anomaly was calculated along the radius vector of the NS - the center of the Earth.

Anomalies detected in IGS final orbits

The issue of anomalies in the orbits of navigation satellites is discussed in [7; 8; 10; 11]. The work [7]
shows the detected anomalies in the orbits of GLONASS satellites; the same anomalies are observed in the
orbits of GPS satellites. The examples of the detected "jumps™ in the final orbits of satellites GO3 and GO08 at
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the boundary of the day (more precisely, their effect on the approximation residuals) according to the IAC
PNT analytical center are shown in Fig. 1 and 2.
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According to the recommendations given in [7], we determine the size of the "jump" at each boundary of
the day. For the approximation residual shown in Fig. 1, the magnitude of the "jump" is about 70 cm, for the
approximation residual in Fig. 2 the magnitude of the "jump™ is about 1.8 km. Large "jumps" in the final or-
bits of analytical centers are not very common (on average 1 "jump" per year for each satellite), while small
"jumps" are common.
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Puc. 3. Hepsi3ka anmpokcuMaiy NOJIMHOMOM CTETIEH! Puc. 4. HeBsizka anmnpokcuManuy IOJIMHOMOM
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In addition to "jumps", "ejections" were also observed in the final orbits of the GPS satellites.
Figures 3 and 4 show “ejections” in the final orbits of GPS satellites GO1 and G04, respectively (to be
more exact, the effect of “ejections” on the approximation residuals).
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The magnitude of the "ejection” in the orbit of the G04 satellite (Fig. 3) determined from the approxima-
tion residual is approximately 3.5 cm. In the orbit of the GO1 satellite (Fig. 4) the magnitude of the "ejection”
is approximately 1.8 m.

The next anomaly that this technique can detect is the behavior of the final orbit of the navigation satellite
when performing a maneuver. It is possible to confirm the presence of the GPS satellite’s maneuver using
NANU messages (Notice Advisory to Navstar Users) [12; 13]. The satellite G15, according to NANU re-
ports, performed one of the maneuvers on August 20, 2013. Let us consider the approximation residual of X
coordinate of this satellite’s final orbit by the 100™ degree polynomial for August 20-21, 2013 (Fig. 5).

According to NANU, the satellite maneuver began at 13:01 GPS Time and ended at 19:42 GPS Time.
From the timing diagram of the residual in Fig. 3 it can be seen that in the middle of this section there is a
peak in the residual of the satellite orbit approximation. We note the difference in the shape (stretching along
the time axis) of the residual anomalies for Fig. 3-5.

On the basis of the residuals of the approximation results it is possible to determine the areas of entering
the shadow, the time diagram of the residual for such a situation is shown in Fig. 6. To confirm entering the
shadow, the SOE angle (Sun - Object - Earth) which corresponded to the presence of shadow parts of the
orbit in this time interval was determined.

1.0-10"

5.0-10°
0.0-10°
-5.0-10° 4

-1.0:10"

Approximation residual, m

-1.5-10!

-2.0-10! T T T T T T T T T T T
0 4 8 12 16 20 24 28 32 36 40 44

Time from the beginning of the two-day interval, h

Fig. 5. Approximation residual of the G15 satellite X coordinate
by the 100" degree polynomial at the day boundary 20-21 August 2013 by the IAC PNT

Puc. 5. Hepsizka annpokcumMaiiiu noiuHoMoMm crernenu 100 «maneBpa» koopanHata X
cnytauka G15 Ha ctbike cyTok 20-21 aBrycra 2013 r. MAI] KBHO

15102 -
¢+ Residual ——
I ; Apgle SOE - -

1.0-10°2

5.0-107

Approximation residual, m
Angle SOE. degree

Time from the beginning of the two-day interval. h
Fig. 6. The time diagrams of the approximation residual for the satellite RO3
for the time interval 30-31 May 2013

Puc. 6. BpeMeHHbIe qriarpaMMbl HEBS3KH anlpoKcuMariuu i crytHiuka RO3
Jutst BpemeHHoro uaTepBana 30-31 mas 2013 1.

In the future, when accumulating statistics of anomalies at various analytical centers, we will consider the
maximum of the residual modulus (for each satellite, the maximum value of three coordinates is taken).
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Anomaly statistics in final GPS orbits

In [7], statistics of anomalies in the final orbits of various analytical centers for GLONASS satellites is
given. This section shows anomaly statistics for GPS satellites from 2010 to 2018.

We divide the found maxima of the residual modulus (in all three coordinates) into 2 groups: less than 10
and more than 10 cm.

For the group where the value is less than 10 cm, we construct a two-dimensional distribution, where we
choose the satellite to which the maximum of the residual modulus belongs at each two-day interval (the in-
terval starts at the beginning of each day) as one of the measurements, and the value of this maximum resid-
ual modulus with a step of 1 cm - as the second measurement. The accumulation of the number of anomalies
is performed over the entire time interval (from 2010 to 2018), for each analytical center graphs are plotted
separately. Two-dimensional histograms for each analytical center are shown: in fig. 7 for CODE, in fig. 8
for ESA, in fig. 9 for IAC PNT, in fig. 10 for IGS. To the right of the histogram there is the legend of the
number of anomalies from 2010 to 2018.

For the group of less than 10 cm, it can be noted that the final orbits of different analytical centers have a
different number of anomalies exceeding 1 cm. The CODE Analytical Center has no more than 120 anoma-
lies per satellite in the range from 1 to 2 cm. The ESA Analytical Center has on average from 1500 to 1800
anomalies in the range from 1 to 2 cm for each satellite. The analytical center of the IAC PNT has an average
of 1000 to 1400 anomalies in the range from 1 to 2 cm for each satellite. The IGS analytical center has an
average of 400 to 900 anomalies ranging from 1 to 2 cm per satellite. In this regard one can see the relation-
ship in the number of anomalies per satellite between the CODE and IGS analytical centers.

There are significantly fewer situations when the maximum of the residual modulus exceeds the threshold
of 10 cm; for such situations, we also construct a two-dimensional distribution. We choose a satellite as one
of the measurements, and the beginning of the annual interval (with a step of 1 year) as the second measure-
ment. For each year, the number of anomalies with a maximum residual modulus of more than 10 cm is ac-
cumulated at all two-day intervals of approximation, for each analytical center separately. The resulting dis-
tributions are shown in Fig. 11 for CODE, 12 - ESA, 13 - IAC PNT, 14 - IGS. The legend of the number of
events is shown to the right of the histogram.

The most significant anomalies of a massive nature (for almost all NSs) were observed at the IAC PNT
analytical center in 2014 and 2016. For different analytical centers, it can be noted that there were years
when, for certain satellites, the maximum number of anomalies per year was reached for a given center.
Moreover, such situations are not always interconnected at different centers. This is partly explained, among
other things, by gaps in the SP3 data published by each center (when the center did not lay out orbits that
were unreliable from its point of view): the day with large anomalies for one center could have simply been
thrown out by another center and are not present thereby in the statistics in Fig. 11-14. Availability (availa-
bility on IGS servers) of SP3 data for the CODE analytical center is 97%, for ESA - 90%, for IAC PNT -
93%, and for IGS - 95%. On average, for all analytical centers, the maximum number of anomalies exceed-
ing 10 cm is no more than 20.
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Fig. 7. Distribution of the number of anomalies of less than 10 cm over the observation interval
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Fig. 8. Distribution of the number of anomalies of less than 10 cm over the observation interval

from 2010 to 2018 for the ESA analytical center
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Fig. 9. Distribution of the number of anomalies of less than 10 cm over the observation interval

from 2010 to 2018 for the IAC PNT analytical center
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Fig. 10. Distribution of the number of anomalies of less than 10 cm over the observation interval

from 2010 to 2018 for the IGS analytical center

Puc. 10. Pacnpenenenue konnaecTBa aHoManuu MeHee 10 ¢M 3a MHTEpBaJ HAOIIOJCHUS
¢ 2010 mo 2018 rr. mist ananmutrdeckoro neHTpa 1GS
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Fig. 11. Distribution of anomalies over 10 cm by year for the CODE analytical center
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Fig. 12. Distribution of anomalies over 10 cm by year for the ESA analytical center
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Fig. 13. Distribution of anomalies over 10 cm by years for the IAC PNT analytical center
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Fig. 14. Distribution of anomalies over 10 cm by year for the IGS analytical center
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The position of the maximum of the residual modulus in the approximation window was analyzed. Most
often, the maximum occurred at the boundaries of daily intervals, however, for GPS satellites there were sit-
uations when the anomaly did not occur at the boundary of daily intervals, which was almost always associ-
ated with the maneuvers of GPS satellites.

As it can be seen from the histograms, all analytical centers have both large (more than 10 cm) and small
(less than 10 cm) anomalies in the final orbits, which, nevertheless, are proposed to be used in high-precision
positioning problems.

Anomalies detected in GPS satellites clock drifts

For two-day intervals at the end of the day, for which anomalies in the maximum of the residual modulus
exceeding several cm were observed (for different analytical centers, different minimum deviations were
chosen), the clock drifts with the removal of the linear (and quadratic for large time intervals) trend were in-
vestigated.

For the period from 2010 to 2018 statistics of discontinuities whose magnitude in the radius vector ex-
ceeded 5 cm was accumulated. For GPS satellites in the data of the CODE analytical center there were 42
such situations. In the data of the IGS analytical center there were 275 of them, while situations were exclud-
ed when the discontinuity in the radius vector exceeded 10 cm. At the boundaries of the day with a disconti-
nuity in the orbit, the satellite clock drifts were approximated by a linear function and the approximation re-
sidual was calculated. Further, a joint analysis of the residuals of the orbit approximation and the clock drift
of this NS was carried out. As it turned out, when solving the PPP problem, these residuals (data discontinui-
ties), as a rule, cancel each other out. A typical example of compensation for discontinuities at the boundary
of the day in orbit and clock drift is shown in Fig. 15, 16.
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Fig. 15. Radius-vector distance approximation residual by  Fig. 16. Clock drift approximation residual of the G30

the 100" degree polynomial of the G30 satellite at the day satellite by the 1% degree polynomial at the day
boundary 30 November 2010 — 01 December 2010 by the boundary 30 November 2010 — 01 December 2010
CODE by the CODE
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In fig. 13 the discontinuity in the orbit along the radius vector is about 60 cm; in solving PPP problems it
is partially compensated for by a time gap (about 2 ns).
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Influence of anomalies in IGS products on solving the PPP problem

The problem of high-precision positioning (PPP) is to find the coordinates of the station with centimetric
accuracy and its clock drift from direct measurements of the phase and pseudo-range from the NS signals. To
solve this problem, it is necessary to use high-precision ephemeris and a posteriori estimates of the NS clock
drift, which we take from the final SP3 and RINEX Clock files of the IGS service, as well as other pro-
cessing centers. Besides, according to [14], to achieve adequate accuracy it is necessary to take into account
the following effects:

— relativistic clock correction [15];

— signal delay in the troposphere (when performing this work, the model from [15] is used, the formula
(9.12), while the parameters Dr;, Dw;, Gn, Ge are modeled using a piecewise linear function, the values of the
functions at the nodes are estimated together with the coordinates and station clock drift);

- displacement of the phase center of the NS and station antennas, as well as the variation of the phase
center depending on the angle at which the signal is transmitted and received with respect to the nadir and
zenith, respectively (these corrections are transmitted in ANTEX files by the 1GS service);

- correction for the rotation of the signal phase when turning the NS relative to the receiver;

- displacement of the ground measuring point due to deformations of the earth's crust caused by tides in
the solid body of the Earth, uneven rotation of the Earth, as well as the pressure of oceanic water moving
under the action of the tidal forces of the Moon and the Sun [15].

The initial data in the PPP problem are pseudo-range and phase measurements according to NS signals.
The estimated parameters are station coordinates, receiver clock drift, tropospheric signal delay model pa-
rameters, and phase ambiguity. A measurement data model is a system of conditional equations linking
measured and estimated quantities. The system is solved by linearization according to the specified parame-
ters; the linear system is solved by the least squares method.

In this work we used measurement data from IGS stations [1]: KOKV, MGUE, MAD2, and HRAO. For
such stations, the days were chosen when the satellite with an anomaly in orbit was in the radio visibility
zone of the station at the boundary of the day (anomalies were determined by polynomial approximation).
Two series of experiments were carried out in which parameters such as the pseudo-range residual between
the measured non-ionospheric combination and the one modeled in the PPP problem as well as the coordi-
nates of the observation station were estimated.

In the first series of experiments, the PPP problem was solved at two-day intervals with an anomaly in the
orbit of a satellite at the boundary of these intervals. In the experiments the influence of the anomaly in the
satellite's orbit on the residuals between the measured non-ionospheric phase pseudorange and its model val-
ue was estimated first of all. In the residuals, anomalous "jumps" were observed, both for the satellite with an
anomaly in its orbit and for other satellites. At the next stage of this series of experiments we excluded satel-
lites with an anomaly in the orbit from the solution of the PPP problem. After that, the residuals of the pseu-
dorange were analyzed again. As a result, the anomalies in the pseudo-ranges near the boundary of the day
decreased their value or completely disappeared. At the third stage of this series of experiments, instead of
excluding the satellite with an anomaly in its orbit, we tried to “correct” this anomaly by forming a new orbit
using the satellite motion model described in the IERS Conventions [15], matching it with the published final
orbits on a two-day interval. The analysis of the pseudo-range residuals showed that orbits corrected in such
a way not only do not reduce the magnitude of the "jump" or "ejection" of the residuals, but often lead to
their increase. This situation is a consequence of the fact that satellite clock drifts also contain anomalies, and
these anomalies often compensate for anomalies in orbits, therefore, an approach related to correcting only
anomalies in orbits cannot be applied.

The second series of experiments was devoted to assessing the quality of the PPP problem solution on a
relatively small interval, which is located at the boundary of the day with the anomaly. In the experiments an
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interval of 2 hours before and after the boundary of the day (Fig. 17) was considered, during which the PPP
problem was solved.

point in time at PPP is solved

-2h

-

A/ 1
o
L ]
PPP solving Intarval Day boundary

Fig. 17. Timing diagram of solving the PPP problem in the second series of experiments

+2h

Puc. 17. Bpemennas quarpamma perienus 3azauu PPP Bo BTopoil cepuu SKCiepuMEHTOB

Thus, the PPP problem was solved in three versions: a) satellites with an anomaly in orbit were included
in the solution; b) satellites with an anomaly were excluded from the solution; ¢) for satellites with an anom-
aly the orbit was corrected. The station coordinates obtained by averaging three solutions of the PPP problem
were taken as the reference coordinates over a two-day interval: at the beginning, in the middle, and at the
end. As a result, it was revealed that in most cases excluding a satellite with an anomaly in its orbit from the
PPP solution reduces the error in determining the coordinates. Attempts to "correct” the satellite's orbit with
an anomaly in it only increase the error in determining the coordinates.

The Euclidean norm of the distance between three averaged coordinates and three coordinates determined
in solving the PPP problem was also determined to assess the quality of solving the PPP problem in this se-
ries of experiments. Their statistics for all stations at all solution intervals are shown in the table.

Euclidean distance norm distribution statistics
between averaged and determined coordinates

Orbit correction was carried
Without anomalous satellites With anomalous satellites out for anomalous
satellites
Maximum 151 cm 115 cm 28088 cm
Mean 37 cm 36 cm 2682 cm
RMSD 26 cm 21cm 3407 cm

As it can be seen from the table, the solution without satellites with orbital anomaly is on average 1 cm
worse than the solution with the anomalous satellite, while the solution with the corrected orbit is on average
2682 cm worse.

Conclusion

In the ephemeris and clock products of GNSS analytical centers there are often significant anomalies at
the boundaries of the day, which negatively affects the accuracy of solving navigation problems. We pro-
posed and tested on a 9-year time interval a simple technique for finding discontinuities and other anomalies
in the final orbits published by the IGS analytical centers. The above analysis of the anomalies showed that
there is a mutual compensation of discontinuities in the orbit and the drift of the satellite clock when solving
PPP problems. Attempts to "correct™ the orbits in order to remove discontinuities at the boundary of the day
do not make sense without a corresponding correction of the NS clock drift, which is not possible at this
stage.
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