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Introduction

In Global Navigation Satellite System (GNSS) coordinate time series, un-modelled or insufficiently mod-
elled short-period errors may propagate into longer periods due to aliasing effects. These aliasing effects
are sensitive to data sampling deficiencies and GNSS orbit-repeat periods. The latter is an indication
that short-period errors may propagate into coordinate estimates differently for different GNSS constella-
tions. The completeness (see Figure 1 for status) of other GNSS such as GLObalnaya NAvigatsionnaya g |

Sputnikovaya Sistema (GLONASS) and European GNSS (GALILEO) provides (will provide) the opportu- s : 2
nity of combining more than a single system and hence reduce system-specific effects. 5 |
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In a 24 h Global Positioning System (GPS) data processing, (sub-)daily periods alias into longer periods - P R s 5 b li’erioé3(da;s;4 B
due to both under samping and orbit-repeat effects. In a combined solution the longer orbit-repeat peri-

: . NAa; : " Figures 5: Effect of un-modelled fortnightly tidal Figures 6: Effect of un-modelled M2 & Mf on GPS (blue
Ods. of other anstellatlon§ reduce the aliasing effects of (sub-)daily perlod.s due to the.GPS orbit-repeat wave (Mf) on GPS (blue line) and GLONASS (red line) and GLONASS (red line) up coordinate time series.
p.erIOd (apprOXImater-a sidereal day). GLONASS and G'_A‘L”—EO hav.e orblt-repgat per|0d§ of 8 and 10_ line) up coordinate time series. Strong signal at Strong signal at 13.6xd period and weak signals at peri-
sidereal days, respectively. As a consequence, systematic errors which recur with the orbit-repeat peri- 13.6xd period and weak signals for periods at 9.13d ods at 9.13d and 14d (as in Figure 5) are visible as a com-
ods can be seen in the GNSS derived products such as coordinate time series (see Figure2). The bene- and 14d are visible as an effect of un-modelled Mf bined effect of un-modelled Mf and M2 tidal waves. For
fits of the longer orbit-repeat periods of these constellations on reducing aliasing effects and identifying tidal wave for both solutions. This is the effect of a GPS, the main period at 13.6xd is a combination of an ali-
aliased from direct errors is demonstrated in this poster_ GPS_On|y, GLONASS_Orﬂy, combined direct tidal error at Mf (not an alias). We don’t have ased effect from M2 and direct effect from Mf. This indi-
GPS+GLONASS. and GPS+GLONASS+GALILEO PPP solutions are considered. Details of the PPP any explanation for the periods at 9.13d and 14.78d cates that aliases of (sub-)daily periods coincide with
: e : : ' but the 13.6xd (which is 13.66d) is the main period of direct effects of long-periods, where constellations with
data processing settings are described in Abraha et al., 2016. . ; . e
an un-modelled Mf. long orbit-repeat periods benefit on identifying and/or re-
Spegtra qfup goorc!inatg component stgckegl frorp 31 ;.tatiqns . . dUCing the effeCt.
8 _ [Glowss]  [GAUIEO | Figure 2: Stacked spectra (over 31 globally distributed stations) of daily (up) co- Main results (Figures 3, 4, 5, and 6):
} ordinate time series from a PPP solution. Specific to this Figure, three daily PPP * Un-modelled M2 causes two periods at 13.6xd and 14.76d for GPS while only one period at 14.76d
’ solutions, which are GPS+GLONASS, GPS+GALILEO and GPS-only, are gener- for GLONASS (Figure 3). Similarly, unmodelled O1 causes two periods at 13.6xd and 14.19d for
| 7 ated. At last the _GLONASS solution (red line) is .defined as (combined GPS while only one period at 14.19d for GLONASS (Figure 4).
GPS+GLONASS minus GPS-only) & the GALILEO solution (green line) as (com- +  The 13.6x day period in GPS-only solutions (Figures 3 & 4) is an alias period of M2/01 due to the
- bined GPS+GALILEO minus GPS-only). This is to avoid the less number of ob- GPS orbit t In 24h data or ing. GLONASS-onl lutions don’t contain this period
£ servations/satellites (see Figure 1) to create GALILEO-only solution. The differ- orbit-repeat. in ) ata processing, _ -only Solu 'O_ S _O _ CO p '
? ences reveal the effects of GLONASS and GALILEO observations in the com- « Unmodelled long-period Mf, however, shows a period at 13.6xd with similar power for both GPS and
E bined solution. Plotted in this figure are the normalized power vs period of the GLONASS solutions. This coincides with the alias period of M2/0O1 due to GPS orbit—repeat.
g high-frequency section of the up coordinate component (from 2 to 15 days). Sys- GPS/GNSS derived products from the IGS and its Analysis Centers (ACs) show a strong line at
“ . N tem-specific periods can be seen from the Figure for both GLONASS and GALI- 13.6xd, which is reported as a direct tidal error at Mf/75,565 (Rebischung et al., 2016).
N  LEO. Eight day (8d) period and its second (4d) and third (2.67d) harmonics for «  GPS-only and GLONASS-only PPP solutions in Abraha et al., 2016 show a 13.6xd period for the
sd GLONASS and 10d period and its second (5d), third (3.33d) and fourth (2.5d) former while it is not discernible for the latter

harmonics for GLAILEO solutions are evident. For GALILEO the third and fourth . : . : :
harmonics have bigger powers than the first and second ones. The associated * |s the 13.6xd period in the IGS ACs GNSS derived products a direct error at Mf/75,565 or an alias

harmonics of the 8d and 10d periods in GLONASS and GALILEO, respectively, Sl)f?fgulczl)-)daily errors? For the former, GLONASS-only PPP should have shown discernible period at
.36xd.

« The experiments of this study demonstrate that the 13.6xd period in the IGS solutions can be a

contribution from both direct and aliased tidal errors.

56 A n o2 13w s reveal systematic errors in the orbits which reappear with the orbit-repeat peri-
eriod (days
ods.

Effects of (sub-)daily errors on GNSS coordinate time series Remarks

To see the effects of un-modelled (sub-)daily errors on GNSS coordinate time series, controlled errors * ldentifying and/or mitigating Un-modelled and technical errors are vital for the fullest usage of GNSS
are introduced in the semi-diurnal (M2), diurnal (O1) and fortnightly (Mf) constituents of an ocean tide time series for reference frame definition (Altamimi et al., 2016) and study of geophysical signals.
model. Non-overlapping daily (24-hour data sampling) PPP solutions (Station coordinates, tropo-
sphere parameters, receiver clocks) are then generated for GPS-only and GLONASS-only solutions * Ina24h GNSS data processing, Un-modelled errors, e.g., at (sub-)daily tidal constituents, alias due
without (reference solution) and with introducing the errors. Coordinate differences are then computed to both under sampling effects and orbit-repeat periods.
between the reference solution and the solutions when the errors are introduced separately for GPS
and GLONASS. Spectra of the up coordinate differences are then computed and stacked over a * Inthe traditional 24h data processing, however, aliases of (sub-) daily errors due to orbit-repeat
global set of stations (31) and plotted in Figure 3 (for M2), Figure 4 (for O1), Figure 5 (for Mf) and period are not expected for constellations with longer orbit-repeat periods such as GLONASS and
Figure 6 (for Mf & M2) as normalized power vs period. GALILEO (Figures 2 and 3).
The effects of unmodelled M2: The effects of unmodelled O1: By employing the observations from multiple GNSS it is possible to reduce aliasing effects due to a
o Y single constellation (Figure 7) and potentially provide a means to identify aliased from direct errors in
I SRt | the estimates (Figure 3, 4, 5, and 6).
7 o | _ «  The experiments of this study partially explain that the source of the 13.6xd period observed in GNSS
’ derived products from the IGS and its ACs can be both aliased and direct tidal errors with the
N former seems to be contributing more.
% \?5' || « The use of GNSS time series for retrieving tidal harmonic signals (King, 2006, Martens et al, 2016)
g I \) | and studying implications for mantle anelasticity (Kang et al, 2015) can be contaminated by aliased
g g M kum signals. Combined GNSS solutions will provide benefits for this types of geophysical applications on
: o reducing the effect. Moreover, the effects of (sub-)daily signals on semi-annual and annual periods
- - | (King et al, 2008) can be reduced with combined GNSS solutions.
Effect of unmodelled M2
| : T o3 [Grsiol0 [GPSioroical Figures 7: Daily GPS-only, combined GPS+GLONASS,
N i a i ' | | ' and combined GPS+(GLO)NASS+(GAL)ILEO PPP solu-
\\W | | o ﬂ 3.6 14764 i tions are generated with (reference solution) and without
| ; | - | M ' ' correcting M2 tidal constituent while all the other constitu-
WWHJ\A/\/M WWN‘ ] ‘ ents are corrected. Up coordinate differences are comput-
08 9 10 11 12 13 ] 14 'I1'5 6 1718 08 9 10 11 12 13 " 1'4I' 5 16 17 18 - - ed for the three solutions between the reference solution
Period (days) Period (days) s | | ‘ and the solution without M2 correction. Spectra of the (up)
£ | coordinate differences are stacked for 31 stations globally
Figures 3: Effect of un-modelled M2 on GPS (blue Figures 4: Effect of un-modelled O1 on GPS (blue 20 | ‘ and plotted in this figure as blue line (GPS), red line
line) and GLONASS (red line) up coordinate time line) and GLONASS (red line) up coordinate time = ; A | (GPS+GLO) and green line (GPS+GLO+GAL). The coordi-
series. Periods at 13.6xd (x is positive integer) and series. Periods at 13.6xd and 14.19-day for GPS and T;s s /\ ‘ nate differences are equally normalized and plotted as
14.76d for GPS ?nd only a period at 14.76d for only a period at 14.19-day for GLONASS are evident Z A ' power vs period in the figure. The period at 13.6xd which is
GLONASS are evident as an effect of the un-mod- as an effect of un-modelled O1 tidal wave. The 3 ‘ the alias period of un-modelled M2 due to the GPS orbit-re-
elled M2 tidal wave (vertical dotted lines). The 13.6xd 13.6x-day period is singular to GPS and is the alias ' | peat, is well reduced in the combined solutions. Including
period is singular to GPS and is the alias effect due effect due to the GPS orbit-repeat. The 14.19-day 4 ‘ GALILEO to the combined solution already shows benefits
to the GPS orbit-repeat. The 14.76-day period is period is present in both solutions and is the alias ‘ | on reducing the effects of aliasing even before the system
present in both solutlpns and is the allqs effect du_e to effect due to the 24h data sampling. The two adja- 21 3 3 - has reached its full constellation.
the 24h data sampling. The two adjacent periods cent periods beat at a nearly annual period for GPS | |
beat at a nearly semiannual period for GPS (results (results not shown here). T S VS
not shown here). Period (days)
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