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Abstract

Evaluating the impact of receiver antenna phase centre corrections (PCCs) in geodetic positioning and timing
applications in a general way is quite challenging, because several estimation concepts, implementation phi-
losophies as well as different sets of PCCs exist and interact with each other and their contributions are not
identifiable.

In this paper, the authors present a methodology, based on investigations of Geiger (1988) and Santerre (1991),
to classify PCCs and forecast their impact on all geodetic parameters, i.e. not only the position but also the
receiver clock and troposphere parameter in a phase based precise point positioning (PPP) approach. In a
first step, we introduce the mathematical model and generic PCC patterns. In the second step, simulation
studies are carried out. Findings are evaluated by empirical studies using differences of PPP results to isolate
the impact of different patterns. In parallel, the software impact is analysed since every software handles the
observation modelling and parameter estimation differently, e.g., Kalman filter versus least squares approach.
We show that all geodetic parameters are affected by PCC and that the impact on the parameters can be even
amplified compared to the magnitude of the generic patterns.
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3 Generic Patterns 2 values are reported in regional and global ne_tworsﬂjoirov
] ] ] and Teferle2012 Steigenberger et aR013. Differences of
4  Bvaluaiion and Comparison with PPP 3 individual and type mean calibration values introduce esyst
4.1 Methodology . ......................... 3 matic discrepancies of up to 10mm in the up component and
4.2 Impact of Simple Generic Patterns . ... ... ... 3 upto4mm in the horizontal component in European Perma-
4.3 Impact of Complex Patterns .. ............. 3 nent Network (EPN),Raire et al, 2014. Therefore, gene-
5 Conclusions ric patterns are used as a methqd to analyse the _d|fference of
PCC patterns and to study their impact on geodetic parameter
Acknowledgements 5 estimation, consequently.
. PCC can be compared directly (cf. IGS comparison stra-
1. Introduction tegy as shown irBilich et al. (2012; Kersten and Schén

The comparability of phase centre corrections (PCC) obta(2013; Schmid et al(2015). However, even more impor-
ned from different calibration institution8ilich and Mader tant seems the impact on the estimated parameters, like e.g.
2012 Moore and Ridell2016 Seeber et 811997 Wibbena coordinates, tropospheric delays as well as clock paramete
et al, 1996 Zeimetz and Kuhimanri2008, where some in- or ambiguities. This impact depends on the geometric shape
stitutions using independent calibration strategiestilisas;n  of the PCC difference, the processing strategy of positigni
issue in the International GNSS Service (IGBgcker et al. applied as well as the geographic location. The authors pro-
(2010 showed that for several antennas PCC obtained fromose to categorize the pattern of PCC differences and sub-
chamber and robot antenna calibrations agree below 1 meequently their impact on all geodetic parameters in peecis
However, challenges exist as shown Agrts (2011); Aerts  point positioning (PPP) by generic patterns and simulation
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Figure 1. Generic patterns to analyse the impact of different PC&pat (a) turnstile, (b) micro-strip, (c) 1-wire helix and
(d) 4-wire helix.

studies. The method is based on investigations initialiyin 3. Generic Patterns
duced byGe|ggr(198a gndSanterre(lE?QJ). ' ﬁ;eneric PCC patterns, that are described as error functions
The paper is organized as follows: In the first part severa

. - n Geiger(1989, are adequate to analyse and get access to
generic antenna patterns are presented. Next, the oblsamecﬁ_‘ ger(1989 a y g

. ; . e impact of PCC on geodetic parameters. In Bidour
mulation results are compared with those from different PPd P 9 P go

. . ifferent generic patterns are shown, that can be intexgret
software packages. There, the influence of different proce S a component on the real receiver antenna PCC pattern.

sing strategies (Kalman filter versus common least squares : : : ; :
approach) is studied that propagates generic PCC patiiéms d A typical turnstile (cross dipole) pattern is described by

ferently to the estimated parameters (position, receilcakc r(6,A)=A-cog0) (3)
and troposphere). To this end, generic patterns are added to ) o . .
real, absolutely and individual calibrated PCCs. with the amplitudeA and the zenith distand® Fig. 1(a)indi-

cates that this generic pattern is completely independemt f

. . the azimuth angle and depends on the amplitude and zenith
2. Simulation Strategy distance only. Because of the pure zenith angle dependency,

The relationship between PCC as well as differences of PC@?accurate antenna orientations does not matter.

and estimated geodetic parameters is given by the leaategiu ~ Modelling the error function of a micro-strip antenna as
solution shown in Figurel(b) yields

AX:(ATPA)ilATPr(Q,)\) (1) r(Q,A):ASIn(B)COS()\ —ao) (4)

where the orientation of the antenna is modelledapynd
the azimuth angle by.

Furthermore, an 1-wiren(= 1, Fig.1(c)) or a 4-wire o=
4, Fig.1(d)) helix antenna is described by

with the unknown vectoAx containing the estimated para-
meters, the Jacobi- or DesignmatAx the weight matrixP,
the generic patterns (or PCCs)f, A ) along the line-of-sight
(LOS) to the satellite with zenith distanéeand azimuth an-
gle A in the antennas body-frame. In this contribution, the r(6,A)=A-sin(6)+D-cog6)-cogn-A —46 —n-ag) (5)

vector . . .
with an additional amplitud®.

AX = [AN AE AU S arop]T (2) Table1l summarizes the most prominent patterns and pa-
rameter values used in this study to describe differences in
contains the horizontal componeisl, AE, and the vertical the PCC of ionosphere free linear combination (L3). The
componentAU of the estimated position as well as the tropatterns are part of actual PCC patterns as determined from
posphere delag;qp, and the receiver clock parametéys.. receiver antenna PCC comparisons at the Institut fir Erdmes
To qualify the impact of the receiver antenna PCCs on theung (IfE). The considered magnitudes and shapes for L3
estimates, different sets of generic patterns are useditach PCC are also reported in other studiéeits 2011 Aerts
terize different kind of PCC patterns or differences of PCCsand Moore 2013 where similar differences between cham-
The simulation strategy proposed Bgiger(1988 andSan- ber and robot calibrations are obtained for different séts o
terre(1991) was used, assuming continuous satellite sky diseceiver antenna models. Differences in the up-component
tribution and expressing all terms in Efjby integrals. The of the phase centre offset (PCO) values result in diffea¢nti
initial formulas by Geiger and Santerre were extended to imRCC patterns similar to the generic pattern of Hin), dif-
prove on the one hand the approximation of the northern hoferences in the horizontal PCO to those of Hi¢b). If varia-
in the sky distribution and on the other hand to take into adions in azimuth are taken into account, generic pattekes li
count different observation weighting models like ideakic  the 1-wire helix and 4-wire helix (cf. Fig?) are adequate as
cosH and co$6. first approximation.
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Table 1. Configurations of generic patterns used in the study to aedlye impact on geodetic parameters.

Identifer  Name Generic Pattern Parameter Values

P1 turnstile r(6,A)=A-cog0) A=1lcm

P2 micro-strip  r(6,A) =A-sin(0)-cogA —ap) A=lcm

P3 1-wire helix r(6,A) =A-sin(@)+D-cog0)-cogA —40 —1a;) A=D=0.5cm

P{4/5} 4-wire helix r(6,A)=A-sin(6)+D-coq0)-cog4A — 460 —4a;) A={0.5cm/2cm}, D=0.5cm

0.010 0.010 7-70.025

0.008 0.008 +0.020

0.006 0.006 0.015

0.004 0.004 0.010

0.002 0.002 0.005

0.000 0.000 0.000

(a) 1-wire helix (A=D=5mm) (b) 4-wire helix (A=5mm, D=5mm) (c) 4-wire helix (A=20mm, D=5mm)
el
0.025 0.025 0.025

0.020 0.020 1 0020k 3T %
= = = EEA J——
£ 0.015 £ 0.015 £ 0.015 > — PR3
—_— —_ bl ~——PRN14|
3 3 3] —"ie
a 0.010 a 0.010 o 0.010 —PRN17
=} w w ~——PRN18|
0.005, 0.005k2 % 0.005 e
% —_—"
-y
| PRN24|
0.000( = 0.0007= " 0.000 PNz
0 0 0 15 30 6 75 9Q -~ PRN27]
Elevation [°] i
e
PRN31|
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Figure 2. Sampling of PCC pattern by a real satellite sky distributiolentical skyplot traces in (a-c) lead to different PCC
representations in the observation domain versus elevaiighown in (d-f).
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4. Evaluation and Comparison with PPP (1) different observation weightings (coss. equal weig-
hting) as well as (2) different tropospheric mapping fuoict
4.1 Methodology (global mapping function (GMT) vs. Niell model (Saastam-

The simulation strategy is evaluated by taking the diffeeen oinen zenith path delay (ZPD) with Niell mapping functian))

of two PPP runs (performed in static mode with 24 hour sesgBoehm et al.2006 Niell, 1996. These results are summa-
ons), where the reference solution is determined withodt aryised in Fig.4.

the second run with additional generic patterns (cf. Tab
Results obtained from different software packages are com2 |mpact of Simple Generic Patterns

pared to the simulation strategy (model) in F3g. As expected, the turnstile generic pattern only affects the

Setup The first PPP solution is based on a 24 hour dat eight component, indicated by the'first bar in. Ra)-3(e)
set with an 30sec data sampling and a cut-off angle°of 3 n Fig. 3 the bars (2-5) show the typical behaviour, expected

The data was recorded on DOY339. in 2011 with a Leic or the generic pattern of a micro-strip model, where onéy th
AR25.R3 antenna and a Javad TRE ’G3T receiver on the fAorizontal component is affected by the introduced generic
boratory network of the IfE located at a mean latitude o]p?ttern. The orientatioay is varied from 0 to 35 (5) in 10°

54°. The solutions for DOY339 are confirmed by repeata§ €ps. . . . . :
bility checks of consecutive days (DOY340 and DOY341). I_r! both cases (turnstile and mlcro-strlp)_ the magthde n
The Leica antenna is individually and absolutely calitdate po§|t|o(rj1 donjamlc()lOmm?rﬁquals .ﬂ;]e amplltudlgf_ln the obser-
by IfE by using the Hannover Concept of antenna calibratioﬁf,at'on, omain ( .mm).- us, ne!t eran ampli Ication nor a
developed by IfE and Geo8-during joint research projects, reduction of possible dls_crepanmes in PCC pattern of these
(Seeber et al1997 Wiibbena et al1996 200 1997). This typeshocc,“r Whle” "?‘”;‘,'VS'“Q ”;f palrlamftters- )
calibration facility is accepted in the IG®¢w et al, 2009 The Fig.3 aisoin icates, that Sortware packages (ex-
and provides PCC patterns with azimuth and elevation qBect GPS Toolkit) agree at the sub-millimetre level with re-

pendent values independently from any reference antenna3fect to the valu_es from simulations (model). In the case of
place and time of calibration. GPSTK, the studies shown that exact the half of the amplitude

in the observation domain is transferred to the horizoral p
Parameters For the second PPP processing, the originasition domain. From Fig3 it can be noted additionally, that
azimuth and elevation dependent PCC pattern was manigaPSTk show differences between the expected model values
lated with sets of generic patterns (cf. Talp. For seek of for receiver clock and troposphere parameter.
simplicity, since we are interested in the ionosphere-firee Additionally, further studiesHiemer et al. 2015 sho-
near combination (L3), both L1 and L2 patterns are manipwved that the observation weighting has no significant impact
lated here with the same generic pattern, so that also for Léh this comparison for turnstile and micro-strip antenras a
the same generic pattern is used. The troposphere was adepicted in Fig3.
rected using the Hopfield model and zenith path delay (ZPD)
parameters are estimated as piece-wise linear functidn wit.3 Impact of Complex Patterns
parameter spacing of 2 hours. No gradients were estimatedomparison for several software packages: Contrary to
The obtained PPP solutions are subtracted from the refére previous results, patterns of 1-wire and 4-wire helix af
rence solution. They show only the impact of generic patect all geodetic parameters cf. Figj.bars 6-8. Due to high
terns on coordinates, receiver clock and troposphericydelacorrelations between up component, clock and troposphere
respectively. This is true, since the same observationidataparameters, they are most sensitive for elevation depénden
used and the impact of the observation noise is eliminatgohtterns. Different software solutions show similar gaali
by subtraction. Additionally, first studies show, that treafl tive pattern but vary about few millimetre, except for GPSTk
ambiguity parameters are affected additionally. where the variations are more important. It is very impdrtan
The obtained results for the first five parameters (positioio note that the impact of generic patterns on the up com-
receiver clock, troposphere) are summarised in &igr the  ponent AU) and clock parameted() can reach values of
different software packages. approx 40mm, much larger than the pattern itself (25mm),

compare Fig3 bar 6 and 7 (magnitude of 10mm for 1-wire

Software Several sowaare packages were used to obtaif, 4 \yire helix) with bar 8 where a magnitude of 25mm
the different PPP solutions and access the effect of PCC pgf; 1ne 4-wire helix occurs. Thus, an amplification of PCC
terns due to different implementation strategies or ProCe§igarences of this type are obtained

sing schemes. In this contribution, results using the Bsrne

5.2 Software Dach et al. 2015, CSRS-PPP from Natural Comparison for different processing strategies: InFig.4

Resources Canada’s CSRS (Canadian Spatial Reference - findings for complex patterns with two different proces-

stem) MacLeod and Tetreayl2014 and GPS-Toolkit (GP- sing strategies are summarised. The simulation of complex

STK) (Conn et al. 2012 are compared in Fig3 with each patterns for 4-wire helix antenna (Il, 1) with amplitudes

other. of A= D = 5mm agrees very well with the results from
In addition, a second Bernese analysis was processed uSegnese for all components. However, differences occur for
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5¢ : ' different amplitudes, e.g. in the case of 4-wire (lll) with
A =20mm andD = 5mm, differences of 3-5mm in the up
"""" component and receiver clock parameter are clearly detecta
ble, cf. Fig.4(c,d). The troposphere parameter is challenging
-5) since the discrepancies differ between 1mm and 4mm de-
North pending on the chosen amplitud& ersusD), cf. Fig. 4(e)
-10¢ ‘ ‘ ‘ ‘ Furthermore, the agreement between data and simulation of
" 77 Vodel | Bermese (weighted)  NRCan | GPS Tookit | 4-wire helix antenna is better than for the 1-wire model.sThi
(@ is mostly depending on the non-symmetrical distribution of
the 1-wire helix generic pattern, cf. Fig(a)vs. Fig.2(c).
St ' ‘ This emphasizes that the parametrization of the satekite s
distribution has an important impact on this simulatiomstr
0ﬁII.-_I'I"'ﬁ"I... """" tegy and has to be modelled as precisely as possible. There-
fore, an adequate distribution function to parametrisestire
-r tellite sky distribution for different geographic latites has
East to be improved.

o
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5. Conclusions

30 3
U
2 ‘ P The analysis shows, that the improved theoretical model of
10 generic PCC patterns gives valuable and qualitative inderm
tion on the impact of variations of the PCC patterns on the

o HEN  HEN 0 NEN
estimated geodetic parameters. It should be stressedlthat
geodetic parameters should be analysed including e.gk cloc

PCC impact [mm]
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I I It |
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Model - Bernese (weighted)  NRCan GPS Toolkt parameters and tropospheric delays as well as ambiguities,
© since besides positioning also time and frequency tramsfer
w0 ‘ well as meteorological studies are important fields of GNSS.
The values obtained from the simulations are generally-smal
5 oI ' Clock ler than those obtained from software packages.
£ 20
g ol The analysis showed that not only the magnitude of a
'§ A | | D | | BN | | T PCC pattern but especially its shape is critical for a cfassi
& cation of the impact on geodetic parameters. Pati&icts6
Bl ‘ ‘ ‘ ; andAsinfcogA —ap) are 1:1 transferred to the vertical and
"7 Moder “Bermese (weighted)  NRCan | GPSTookt | horizontal coordinates, respectively. The user shouldhzeea
(d) that more complex pattern, like e.g., n-wire helix affetpal

rameters and the magnitude in the parameter domain can be

05t amplified by up to 68% compared to that of the pattern. This
Y mmm EEE B§EE @ WD can be the case, when type mean values are used instead of
E705] I'I individual PCCs.
& -1.0r
E 15l
s Troposphere
7 Nodat  Bemese (weighted)  NRCan | GPSTookit | Acknowledgement
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