Antenna phase centre calibration effects on sub-daily and daily position estimates
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Abstract
In recent years, the number of absolutely calibrated GNSS antenna/radome combinations used within the Results—Sub-daily
global IGS network and other networks, for example, the EUREF Permanent Network (EPN), has STATION: ERPE

Increased considerably. Due to a number of reasons, including the fact that the individual calibrations for
an antenna/radome combination show fairly consistent phase centre offsets and variations across all
combinations of the same type of antenna and radome, the geodetic community currently employs
averaged (“type mean”) rather than individual calibrations in high-accuracy GNSS data processing. As the
Individual calibrations for a specific antenna/radome combination do deviate from the type mean
calibration, it needs to be investigated, if the use of individual rather than type mean calibrations could
provide a significant improvement for geodetic and geophysical applications.

Vedan240 70747 The analysis of the differences in sub-daily kinematic PPP
a0 solutions, obtained using individual and type mean
antenna/radome calibrations has revealed the following:
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osenzoznee . All six stations exhibit constant biases up to 10 mm in all
Vedar 152 50 * three components;
] | Variations in coordinate differences have periods close

In this study we investigate the effect of using type mean and individual antenna/radome combination to 24 hours (Figure 4) which corresponds to the orbital
calibrations on the position estimates. We do this by analysis of position differences between precise point " period of the GPS satellites or one sidereal day;
positioning (PPP) solutions employing both calibration models. Using four weeks of GPS observations we e S« PosItion differences experience rapid changes and even |
show that time series of sub-daily position differences contain periodic variations and systematic biases at ' ] . Jumps within short time periods.

the millimetre to centimetre levels. Using GPS observations, ranging from one to nine years, we show that a2y f
for the time series of daily position differences the periodic variations seem less pronounced but the biases - Table 3 summarizes the statistics on the significance of
remain and are of similar magnitude to those in the sub-daily position differences. In general our _. e l biases, discovered in the SPSLux network, originating from
preliminary results suggest that both sub-daily and daily position estimates are affected by the differences et the Imperfections in the antenna/radome calibrations.

between the type mean and individual antenna/radome combination calibrations and require further Figure [4] Station ERPE (SPSLux). GPS - |
investigation. weeks 1669-1672 stacked over each Table [3] Summary statistics on biases,

other. Differences in kinematic 15 minutes introduced by type mean PCVs in the
PPP solutions, using individual and type SPSLux network.
Introduction mean PCVs, and corresponding Number of stations having biases within

histograms for the North (red), East

The elec_tromagnetic centre of a_GNSS antenna c_loeg not coincide with : (green) and Up (blue) components.
the physical one, therefore for high precision applications antenna ’
phase centre models are employed. These models include antenna
Phase Centre Offset (PCO) and Phase Centre Variations (PCV), which _ _
are unique for each individual combination of antenna and radome. ‘ Although for the examined stations the 1-, 2- and 3-
While PCO contains a constant part of a model, PCVs accommodate /4‘ PCO Al | 1 quartllgs OT the differences, enclosed into the coloured
azimuth and elevation delay dependency of an antenna (Figure 1). For J | a |  boxesin Figure 5, are concentrated around zero, the
brevity a combination of PCO and PCV will be denoted as PCV Physical i minimum and maximum values have much larger spread,
hereinafter Contro - especially for the Up component.

The geodetic community employs PCVs classified into groups by Figure [5] Box-and-Whisker diagrams for

antenna calibration method: chamber, robot, field, copied and converted  Figure [1] Antenna Phase the SPSLux network, reflecting the

[Rothacher and Schmid, 2011]. While the first three groups result from Centre Offset (PCO) and differences in PPP solutions between the

direct calibration of an antenna/radome combination, the copied and Phase Centre Variations individual and type mean PCVs during

converted PCVs are formed with reference to other (known) models. (PCV) GPS weeks 1669-1672.

PCVs, as applied by the global GNSS community, are a result of

averaging of individual calibrations of the same 5 [1] Antenna/radome calibration statistics of the

type of antenna and radome. This suggests that  |Gs core network with suggested substitutions. Results—Daily
averaged PCVs may introduce additional noise in  Apsolute number of stations is given in brackets. STATION: LER Because most of the stations, having individual antenna/

coordinate time series (CTS) of the same nature, Calibration . . No " Modar—225 4~ 05 mm ° radome combination calibrations, were installed in the

as observed at stations without calibrations. method Robot | Field | Copied | Converted | o jibration £ I recent years, 50% of datasets gy dy are between 2
We have examined 191 stations for antenna/ IGS core network | 67% | 8% | 4% 0% 21% N i~ B iad M2 , and 4 years long. To a degree, this limited our investigations
radome calibration, out of which 91 stations form K& ©1) | ) (4) (0) (19) ' !

) 351.2 days 702.4 days :“ and reSU|tS.
the 1IGS08 core network and 100 stations are ﬁfhc;rgsr:ﬁtmks 63% | 8% | 10% 10 18%
recommended substitutions. Our statistics, (191 stations) (119) (16> ) (2) €

dkeass * Nevertheless, after analysing differences in daily PPP
presented in Table 1, are based on the most
recent SINEX file (igs.snx) and the latest ATX |

el - coordinates of 43 antenna/radome combinations, using
file (igs08_1685.atx), available at ftp:/ A I

i s 3o Individual and type mean calibrations, we observed the
gsch.p .nasa.goviigscuistation'genera . \ BT i : : T e CPEa . Across all examined combinations of the same type of
According to these data up to 21% of stations do -- |

ik following:
e _ _ g;tgag=§§;,;~°-*7mm I antenna and radome, variations of the systematic biases
not have calibrations, although their use is | “

_ _ T . In PPP solutions reach 17 mm (Figure 7);
required for the homogeneity of global coverage

-.;|,-..-;. S .
_ SR w (I cal S I I L1 . Imperfections in antenna/radome calibrations introduce
(Figure 2). 1 | . il |
In this study we demonstrate the difference in b -\ | A . T TR TR *04 02 00 02 04

sm'da;s- 7024 days m _*__ periodic variations in the difference CTS (Figure 6). The
arenes (o frequencies of these variations coincide with the

Prec_ise PO"T“ PO sif[iqning (PPP) solutions <ol Figure [6] Statlon LERI (GeoNet). Period harmonics of the GPS draconitic year (Figure 8).
obtained using individual and averaged PCVs. | o) h ' G_S. w0 k h b. o from 2009.7 to 2012.2. Differences in daily
Our research is based on a number of antenna/  Figure [2] The IGS core network with substitution PPP solutions, using individual and type " TSR ”» : : :
radome combinations, employed within the IGS stations, having absolute antenna/radome calibrations mean PCVs, and corresponding Efe trlllc;dgslg ré?gggf]il?cp%itrl?fgrgf |gudills,s)h :\rlllg ?t;rﬁggrigﬁiiz
network, the EUREF Permanent Network (EPN), (robot or field) — green, copied calibrations — white, histograms for the North (red), East y : y ,

_ , converted — blue and no calibration — black, 4 Up (bl s were diSCl_Jssed ?n previous studi(?s [e.g. Ray et al. 20071,
and several local networks: Service de respectively (green) and Up (blue) components where their relation to GPS satellites orbit and clock

Positionnement par Satellites (Satellite g modelling errors was suggested. The results in this study
Positioning Service of Luxembourg — SPSLUX), 1410 121 Antenna/radome combinations, included in u i indicate that some of these model deficiencies, resulting in

GeoNet, run by Ordnance Survey of Great Britain 5y statistics with corresponding network affiliation. : T the above periodic variations, may be related to

(OSGB) and two stations operated by the A #of | #ofantennas used . : - inaccuracies in the employed PCVs.
Untlveri;y cc)jf Nottmghgm (tl.JNOT-.I;)h' The list of combination tione | oot Stacked periodograms for the difference CTS of examined
antenna/radome combinations wi

. o . EPN, IGS > stations demonstrate 10" g — — 3
corresponding network affiliation is presented in common frequencies in ol Eost
phe s . MO cironsien | s | 6 | 5 g S g 4 4 4 allithree components NSl
our sub-daily results originate from processing , | 7 4 (Figure 8). Spikes are
four consecutive weeks (GPS weeks 1669-1672)  ERERC=NNNENCN RN R ’ observed at frequencies _
of GPS observation data of the SPSLux network, Figure [7] Mean differences for various 208.3.12 4.16. 5.20 T
all six stations of which are equipped with Leica antenna/radome combinations. Orange 624 728 and 8.32 T iy "
AR25.R3 LEIT antennas. For these stations the nlambfrst attne bgttor?tc;]f the gretl_pht } cycles per year (cpy) AR ST

: : ' | TRM29659.00SNowW | EPN [ 1 | 2 | indicate the number of the investigate . ’ | P
lr(r:?rleur?:sflfnfef\?alss?l\lfj\/t;\?gﬁ (\i\éerigscpoorp]ggt;dtﬁteﬁ antennahadome combinations, oeing mmore pronounced  Figure [8] Stacked periodograms for

. . . in the East component.  the difference time series of 43
intervals of the IGS final orbit and clock products, | TRMS5971.00Tz6D | Epn | 1 | 8 | The North component undergoes fewer periodic variations, Investigated antenna/radome

employed in processing. | - ~ nevertheless, frequencies at 2.08 and 6.24 cpy are still notable. ~ combinations, having more than 365
Our dally results are based on processing GPS The aim of this study: The high noise level in the Up component results in a flatter daily measurements between 2002

observation data from 43 stations, having more - - : : and 2012.
than 365 daily measurements between 2002 and To investigate the effect on sub-daily and g.elrlzog(r)]grzr?élgg;/.lng noticeable frequencies only close to 2.08,

2012. daily positioning when switching from type
The IGS final products were used throughout this mean to individual antenna/radome
study. \callbratlons.
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Conclusions
The periodic variations in the difference time

In both daily and sub-daily analysis series of the sub-daily coordinate estimates
Imperfections in employed antenna/radome correspond to the orbital periods of the GPS
Methodology calibrations lead to: satellites.

For each of the 43 stations, using the Bernese GPS PPP processing PPP processing . systematic biases and ‘ Th? dn‘ference_ o the o_Ial_Iy coor_dlnate_
Software ver. 5.0 [Dach et al. 2007], we performed two using type mean using individual . periodic variations in the coordinate time estimates exhibits variations with pe“_OdS
parallel PPP runs, keeping all processing options antenna/radome antenna/radome series. Close to the GPS draconitic year and its
identical, except the antenna/radome calibrations. calibration calibration harmonics.

Processing stages included:

a PPP run using the type mean antenna/radome Difference in Acknowledgements
calibration: The authors would like to thank the IGS, the EUREF, the British Isles continuous GNSS Facility (BIGF) and

a PPP run using the individual antenna/radome solutions Administration du Cadastre et de la Topographie of Luxembourg for providing with data and products for this study.

calibration;

Computation of the difference CTS. Figure [3] Methodology of this study.
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