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can deliver valuable information about Earth Rotation Parameters (ERPs). The GNSS satellites are 2017 2017 2017 2018 2018 2018 2018 2017 2017 2017 2018 2018 2018 2018 2017 2017 2017 2018 2018 2018 2018 2017 2017 2017 2017 2018 2018 2018 2018 Period [Days]
also sensitive to the geocenter motion, however, the time series of the GNSS-based geocenter Time Time Time Time Fig. 5.2 Spectrum analysis of the formal errors for ERPs and the Z

Fig. 5.1 Time series of the formal errors for ERPs and the Z component of GCC. Grey lines represent the B angles for the orbital planes of the corresponding GNSS constellations (right axis). component of GCC.

coordinates (GCC) differ to SLR-based products, especially for the Z component. Both ERPs and |
GCC are vulnerable to the spurious effects, which originate from the orbit modeling issues and 0°———f—rf
GNSS constellation characteristics. The European GNSS Galileo may be considered as fully 3gegl® ® =
operational with 24 healthy satellites in space. Unlike the Galileo system, the contribution of GPS
and GLONASS systems to the determination of GCC and ERPs has been already discussed in
recent years [1]. This contribution shows results of the determination of the Galileo-based ERPs
and GCC and a comparison of to the results delivered by GPS, GLONASS, and the combined
solution. The processing is based on RINEX3 files from the global network of ~100 multi-GNSS
stations (Fig.1.1), all of which track GPS, GLONASS and Galileo satellites.

Figure 5.1 shows the formal errors of the ERPs and the Z component of the GCC. A strong correlation is visible between the height of the Sun above the orbital plane (f angle) and the formal errors of the estimated Z component of the GCC. The formal error
increases even by a factor of three (from 4 to 12 mm for GLO) when two orbital planes have a similar orientation with respect to the Sun direction. The only exception is a configuration when the similar low values of  for some planes coexist with an extreme value
of B for another plane (consistent with [3]). Interestingly, when the hybrid orbit model (BOXWING with estimating constant accelerations) is applied, the periodic variations of the formal errors are entirely reduced. Unlike the GCC, in case of the ERPs, the
characteristic patterns are still visible in GAB solution. The parameters have to be partly correlated with the constant accelerations, which are still estimated, especially in the D and X directions (DYB frame [3]). Although both Galileo and GLONASS comprise 3 orbital
planes, the periodic variations of the formal errors have a different pattern. In the case of UT1-UTC, the most pronounced signal is visible at the frequencies of 4 cpy and 2 cpy for Galileo and GLONASS, respectively (see Fig 5.2). In case of the Y pole coordinate, the
main signal occurs at 2 cpy for GLONASS and at 6 and 4 cpy for Galileo. However, the periodic variation is reduced when cross-referencing GAL with respect to the GAB solution. For the X pole coordinate, the main signal is visible at 6 cpy for both GLO and GAL.
Furthermore, the mean error of the parameters is much smaller for the GPS than for the other systems. The formal errors should reflect the mutual contributions of the individual subsystems. Thus, GRE products are mostly influenced by the GPS-based results. The
mean errors equal approximately 18,20,35,35,23 uas for the pole coordinates, 1.2, 1.6, 2.4, 2.4, 1.8 ps for the UT1-UTC and 1.7, 2.0, 6.6, 3.5, 1.6 mm for the Z component of the GCC, for GRE, GPS, GLO, GAL and GAB solutions, respectively.
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Fig.1.1 Distribution of GNSS stations
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: . : : : : Fig.6.2 Spectrum analysis of the orbit misclosures in the inertial frame
Figures 3.1 and 3.2 illustrate the time series of GCC as well as the amplitude spectra of the signal for the 6 i /

subsequent series. The time series of the horizontal geocenter coordinate are most consistent between different
systems. Therefore, all GNSS are sensitive to the same geophysical mass redistribution sensed by the equatorial
components of the geocenter. The amplitude of the annual signal equals 4.2, 3.9, 2,4, 2.2 and 2.1 mm in the case of
the X component and 3.6, 3.8, 4.8, 4.2 and 4.3 mm in the case of the Y component for GAB, GAL, GLO, GPS, and
GRE solutions, respectively. Moreover, the signal with a period close to 3.4 days and the amplitude of ~¥2.5 mm is
visible in the both GAB and GAL series of the X and Y components. The signal is related to the combination of the

frequencies of the Galileo revolution period and the arc length [8]. The common period can be described by the
TgTs

Figures 4.1 and 4.2 show the differences of the subsequent series relative to the
reference IERS C04 14 values. Table 4.1 shows the systematic biases for the X and
Y pole components, which are at the level 30, 100 and 0 pas for GPS, GLONASS,
and Galileo, respectively. However, the Galileo-based estimates show larger
variability of the values than the GPS and the combined solution, which is
expected because the CO4 series is dominated by the GPS solutions. The RMS
equals 69, 66, 134, 72, 77 for the X pole, 57, 57, 123, 66 and 61 for the Y pole, for
GRE, GPS, GLO, GAL and GAB, respectively. Thus, Galileo delivers the ERPs of
almost the same quality as the GPS does and much better quality than that from
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We show that Galileo can deliver geocenter coordinates and Earth Rotation Parameters of the comparable
quality to those of the GPS and better quality than GLONASS (see Table 4.1).

Despite that, both GLONASS and Galileo comprise 3 orbital planes, Galileo is not vulnerable to the same
spurious signals as GLONASS is, i.e. the Z-geocenter coordinate, the formal errors of ERPs and ERP misclosures

Fig.4.3 Time series of the accumulated
UT1-UTC differences w.r.t. IERS C04

equation T = , Where T, is the Earth rotation period (24h, and the T, is a satellite revolution period (14.08h).
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-12 mm for GAL, GAB, and GLO, respectively. The 1, 3 and 5 cpy signal with the amplitude of almost 41, 88 and 26
mm is dominant in the time series of the GLONASS-only Z geocenter component. In the case of Galileo, the Z
geocenter signal is comparable with that based on GPS. Thus, the spurious nature of the GLONASS series is not
caused by the 3-plane configuration of the constellation (as already shown in [1] and [3]). The 7 cpy signal vanishes
when using BOXWING. The amplitudes for the 7 cpy signal equal 9.0, 7.0, 4.5 and 3.7 mm, for GAL, GLO, GPS, and
GRE solutions, respectively. On the other hand, the annual signal for GAB is 1.7 times larger than for the GPS series.

Moreover, the outliers are clearly visible in the time series of UT1-UTC for GAL
and GAB solutions at the epochs which coincide with the largest formal errors
(see section 5). The spectral analysis of the X pole coordinate shows the
pronounced signal with a 3 cpy period and the amplitude of up to 47 pas for GLO
solution. Similarly to the rest of the analyses, the spurious signal with a period
close to 3.4 days is discernible for the Galileo-based solutions.

accelerations in DYB directions, reduces the artificial signals in the time series of the Galileo-based

parameters.

Tab.4.1 Mean and standard deviation
(STD) of ERP differences w.r.t. IERS CO4

[*] Symbols: Q is a right ascension of the
ascending node, i is the inclination, u is the
argument of the latitude and k is the ratio of
the universal time to sidereal time.
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