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Changes in the position of the GNSS receiver antenna phase centre are still one of the dominant
error sources associated with the measuring station. The preferred method of solving the problem
is modeling antenna phase centre variations (PCV). Such models are available in igs05.atx,
igs08.atx or igsl4.atx files, among others. Due to different methods of antenna calibration
(chamber calibration, relative field calibration, absolute field calibration) and different types of
models (mean, individual), depending on the GNSS observation processing product used, there
may occure differences in the estimated parameters, including station coordinates.

In this paper, the results of GNSS observation processing using the models included in the
igs08.atx and igs14.atx files for 12 EPN and ASG-EUPOS stations were analysed, both for daily
and sub-daily time series of PPP solutions. The obtained results show that switching from the
igs08.atx to igsl4.atx (for the selected stations) induces differences in the vertical component,
reaching up to + 3 mm.

PCC
Position time series

1. INTRODUCTION

Changes in the position of the GNSS receiver
antenna phase centre are still one of the dominant
error sources associated with the measuring station.
The amplitude of these changes can reach several
centimetres. The effect is especially visible in the
function of the elevation angle of the incoming signal,
although the azimuth may also have a significant
impact, especially for very long baselines. Ignoring
changes in the antenna phase centre position can lead
to significant errors in determining the estimated
parameters, especially the vertical position component
(Rothacher and Mader, 1996; Mader, 1999; Hofmann-
Wellenhof et al., 2001; Kersten and Schon, 2016).

The preferred method of solving the problem is
modeling antenna phase centre variations (PCV). At
present, there are three main methods of modeling
changes in the position of the phase centre of the
GNSS receiver antennas:

e measurements in the anechoic chamber,
e relative field calibration,
e absolute field calibration.

Chronologically, the first developed method of
antenna calibration was calibration in the anechoic
chamber, where the phase of the transmitted and

received GNSS signal is compared in the network
analyser. The main advantage of this method is that it

provides very high efficiency and the same conditions
for all calibrated antennas. The disadvantage is that
the test signal is not the same as the real GNSS signal
(Gorres et al., 2006; Zeimetz and Kuhlman, 2008).
The first method of field calibration is the so-
called “relative calibration” (Rothacher and Mader,
1996; Mader, 1999). This method is based on the
assumption that the phase centre variations of the
reference antenna (Allen Osborne's AOAD / M T
antenna) are equal zero. Phase centre corrections
(PCC) of the calibrated antenna are determined using
single differences of GNSS observations, based on
a comparison of the phase of the signal observed in a
particular measurement epoch to the phase of the
signal determined on the basis of the mean phase
centre position (MPC) and modeled using the fourth
degree polynomial in the elevation function (Mader,
1999). In this method, obtaining PCC for low
elevation angles is practically impossible, due to high
noise and the stronger multipath effect of such signals.
It should be noted, that the first “full” (PCO and
elevation dependent PCV) introduced models in
GNSS measurements were based on this technique.
The approach known as the absolute field
calibration of GNSS antennas was developed by
Institut fir Erdmessung (University of Hannover) and
the Geo++ company (Wiibben et al., 1996). The basic
aim of this method is to estimate the PCC regardless
of the type of used reference antenna. An additional
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advantage is the almost full elimination of the
multipath effect. This method allows PCC estimation
to the zero degree of elevation. Like in the relative
calibration procedure, PCC is determined on the basis
of single differences of GNSS observation, and the
final shape of phase characteristics is determined
using spherical harmonics. The absolute PCC models
of receiver antennas have been supplemented by
similar models for satellite antennas (Zhu et al., 2003;
Schmid et al., 2007).

The advantage of both field methods is that they
are based on real GNSS signals received in the natural
environment.

Additionally, for antennas that do not have
models directly from absolute field calibration, such
models can be created by converting from relative
ones. In this approach, the results obtained from the
relative calibration are added to the results of the
absolute field calibration of the AOAD/M T antenna.
Generally, in practical applications, we can talk about
three types of PCC models for receiver antennas:

e relative PCC models
calibration),

(from relative field

e absolute PCC models (converted from relative
field calibration),

e absolute PCC models (from absolute field
calibration or anechoic chamber calibration).

The PCC models of the receivers' antennas
included in the igs05.atx (introduced on 5 November,
2006), igs08.atx (introduced on 17 April, 2011) or
igsl4.atx (introduced on 29 January, 2017) files are
mean models created from available individual
antenna calibration results. In this method, several
antennas from the same production line are calibrated
several times. The results obtained for several
antennas of the same type are then averaged and form
a mean model. This approach assumes that PCV
antennas of the same type can be represented with
sufficient accuracy by such mean values.

In addition to the mean models, the stations of
permanent networks realizing GNSS measurements
with the highest precision, e.g. the EUREF Permanent
GNSS Network (EPN) and the Active Geodetic
Network (ASG-EUPOS) used the so-called individual
models that refer to a specific antenna. In individual
calibration, one particular antenna is calibrated several
times. The results from these calibrations are then
used for the PCC model creation for this particular
antenna.

The switching from relative to absolute models
has led to a significant improvement in GNSS solution
results. Only GNSS measurements based on absolute
models do not generate systematic shifts in
combination with other space techniques (e.g. SLR,
VLBI). These shifts significantly decreased when
relative models were replaced by absolute ones
(Volksen, 2006; Stepniak et al., 2015). The update of
antenna calibration models from igs05.atx to
igs.08.atx was another step in the improvement of

PCC models (Baire et al., 2011, 2013). The use of
individual calibration also brought noticeable changes
in the position time series. In Dawidowicz (2018) it
was found that the position offsets resulting from the
use of individual calibrations instead of type-mean
igs08.atx calibrations can reach up to 5 mm in the Up
component, while in the horizontal components the
offsets generally remain below 1 mm. The results
prove that that a type mean calibration cannot
correctly represents the antenna PCC for all
antenna/radome types.

The newest realization of the International
Terrestrial Reference System is ITRF2014. Each
subsequent realization of ITRF is considered as
a refinement of the previous one. In this case, for the
first time in history, ITRF was generated with the
modeling of a non-linear station's movements,
including seasonal (annual and semi-annual) station
position signals and post-seismic deformation for
objects that have suffered major earthquakes
(Altamimi et al., 2016; Figurski and Nykiel, 2017). In
parallel with the introduction of ITRF2014, updated
PCC models of both receivers and satellites
(igs14.atx) were released.

In the paper, the differences in position time
series, obtained by comparing the results of GNSS
solutions using the igs08.atx and igsl4.atx PCC
models, were analysed. The time series of coordinates
were derived from the GNSS observations processing
using the precise point positioning (PPP) technique.
The advantages and limitations of PPP positioning
have been described, among others, in Kouba and
Héroux (2001), El-Mowafy (2011), Rizos et al.
(2012), Alkan and Ocalan (2013), Yigit et al. (2013)
and Mohammed et al. (2016).

Similar investigations were conducted by
Figurski and Nykiel (2017). However, their results
were obtained based on the Bernese double difference
GNSS processing. In presented work the processing
were made using PPP method. Additionally presented
work focuses also on GPS-only, GLONASS-only and
GNSS solution differences as well as on antenna type
dependent differences in position time series.

2. METHODOLOGY

GPS/GLONASS observations recorded on
twelve selected EPN and ASG-EUPOS stations, with
representative for these networks antenna types, were
used for analyses. One of the main tasks of the EPN is
to ensure the implementation of the European
Terrestrial Reference System 89 (ETRS89). ASG-
EUPOS stations, on the other hand, constitute the
primary horizontal and vertical extensive geodetic
network in Poland (Bosy et al., 2008; Figurski et al.,
2010; Dawidowicz et al., 2014; Paziewski et al.,
2014).

A set of observations covering 2016 and 2017
was used for the analyses (for sub-daily analyses: 19
January - 7 February, 2017). The hardware installed at
chosen stations is presented in Table 1.
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Table 1 Characteristics of the stations’ hardware.
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No. Station Network Hardware No. of calibrated
antennas in atx file:

Antenna type Receiver type igs08 igsl4
1  BORJ EPN LEIAR25.R3 LEIT JAVAD TRE 3 DELTA 5 28
2  DOUR EPN LEIAR25.R3 NONE SEPT POLARX4 5 20
3 LEN EPN LEIAR25.R3 LEIT JAVAD TRE_G3TH DELTA 5 28
4  WARN EPN LEIAR25.R3 LEIT JAVAD TRE_G3TH DELTA 5 28
5 DILL EPN LEIAR25.R4 LEIT LEICA GR25 5 35
6 EUSK EPN LEIAR25R4 LEIT LEICA GR25 5 35
7  HELG EPN LEIAR25.R4 LEIT JAVAD TRE_G3TH DELTA 5 35
8 ISTA EPN LEIAR25.R4 LEIT* LEICA GR25* 5 35
9 BYDG ASG-EUPOS TRMS59900.00 SCIS TRIMBLE NETR9 5 5
10 GWWL ASG-EUPOS TRM59900.00 SCIS TRIMBLE NETR9 5 5
11 REDZ ASG-EUPOS TRM59900.00 SCIS TRIMBLE NETR9 5 5
12 ZYWI ASG-EUPOS TRM59900.00 SCIS TRIMBLE NETR9 5 5

* from 9.05.2016

In PPP measurement technique, it is necessary to
use precise orbits and satellite clocks as well as
implement a number of other models and corrections.
In processing using the scientific software package
NAvigation Package for Earth Orbiting Satellites
(NAPEOS) ver. 3.3.1 (Springer, 2009), a standard
processing strategy was used with the general
weighted least squares parameter estimation method.
The more important processing options include:

e precise orbit and clock information: from

European Space Agency (ESA),
e ¢levation mask: 10°,

e weighting function:
elevation angle,

1/cos(z) where z is an

e apriori zenith path delays (ZPDs): computed with
the formula of Saastamoinen with the use the
Global Pressure and Temperature (GPT) model,

e zenith path delays mapping into slant delays:
using the Vienna Mapping Function 1 (VMF1)
(Boehm et al., 2006),

e climination of the Ionosphere effect: first-order
effect elimination using ionosphere-free linear
combination; higher-order effects were not
corrected.

The computations were based on the two
frequencies float ambiguity solution.

The comparisons were made for both daily and
sub-daily (30-minute) time series of PPP solutions
performed in three variants: using GPS-only
observations, using GLONASS-only observations,
and combined GNSS processing (GPS+GLONASS).

In each variant two parallel PPP processing were
performed, leaving all options the same, except files
containing antenna calibration models:

e  PPP processing using igs08 1842.atx,
e  PPP processing using igs14 1934.atx,

e calculation of differences.

Generally it is assumed that all error sources can
be considered identical in both compared solutions
and the differences in the final results are caused by
differences in antenna calibration models (Baire et al.,
2013). However, if the IGS14 model and ephemeris
with clocks expressed in IGbOS8 are used, a systematic
error occurred. The error results from the fact that the
IGb08 model was used to develop the ephemeris and
clocks. An attempt to estimate the impact of
mentioned above systematic error (“ephemeris and
clocks systematic error”) on analyzed position
component differences was made. Because analyzed
period covered the years 2016-2017 and the switch
from IBb08/igs08.atx to 1GS14/igs14.atx took place
on January 29, 2017, the influence of described
systematic error on analyzed difference should revel
in coordinate or analyzed coordinate difference time
series (as in first period ephemeris and clocks were
expressed in IBb0O8 model and igs08.atx/igsl4.atx
files were used in analysis, while in second period
ephemeris and clocks were expressed in IGS14 model
and the same two atx files were used).

3. COMPARISON OF THE IGS08.ATX AND
IGS14.ATX PCC MODELS
The most important changes in the igs14.atx file
in comparison to the previous version (igs08.atx)
include (Rebischung et al., 2016; Rebischung and
Schmid, 2016):

e satellite antenna corrections
1GS14,

e GPS satellites’ z component offsets calculated
based on the results of 7 instead of 5 analysis
centres,

consistent with

o for the IIR block satellites, the x and y component
offsets were determined “pre-flight” (Dilssner et
al., 2016),

e adding the absolute field calibration results for 17
new antenna types,
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Fig. 1 PCC differences caused by actualization igs08.atx to igs14.atx obtained for LEIAR25.R3 LEIT antenna.
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Fig. 2 PCC differences caused by actualization igs08.atx to igsl4.atx obtained for LEIAR25.R3 NONE
antenna.

* adding the results of "re-calculated" (converted The basic elements of PCC models of receiver
from relative) models for 2 new types of antennas  ,ptennas are:

as well as updating the results of "re-calculated"
(converted from relative) models for 11 types of
antennas,

e North, East, Up offsets for L1 and L2 frequencies
of GPS and GLONASS signals,

e updating the results of absolute field calibration * PCVin .the clevation function for.Ll and L2
. . frequencies of GPS and GLONASS signals,
for 19 types of antennas, including the

LEIAR25.R3 NONE. LEIAR25.R3 LEIT and e PCV in the elevation and azimuth function for L1
LEIAR2S.R4 LEIT antenna models and L2 frequencies of GPS and GLONASS

adding the absolute field calibration results for signals.

GLONASS signals for 4 antenna types.
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Fig.3 PCC differences caused by actualization igs08.atx to igs14.atx obtained for LEIAR25.R4 LEIT antenna.
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Fig. 4 PCC differences caused by actualization igs08.atx to igs14.atx obtained TRM59900.00 SCIS antenna.

The precise knowledge of both values (PCO and
PCV) is necessary to determine the PCC, i.e. the
difference between the real position of the antenna
phase centre of the current observation and the
antenna reference point (ARP).

Comparison of PCC models for antennas used in
the study is based on PCO as well as elevation and
azimuth dependent PCV. For all selected antenna
types (also for the TRM59900.00 SCIS antenna where
there were no changes in the PCC model due to the
switching from igs08.atx to igsl4.atx), the data from
the igs08.atx file were reduced to the offset values
present in the igs14.atx file and then PCC differences
(dPCC) were calculated for L1, L2 frequencies as well

as "iono-free" (IF) combinations for both GPS and
GLONASS signals. The comparison was based on an
approach proposed by Schon and Kersten (2014). The
obtained PCC differences are shown in Figures 1-4.
Generally, the revealed differences (for GPS IF
combination) range from 1 to -2 mm for the
LEIAR25.R3 LEIT antenna, from 1 to -1 mm for the
LEIAR25.R3 LEIT antenna and from 2 to -2 mm for
the LEIAR25.R4 LEIT antenna. For GLONASS
signals dPCC (IF combination) are slighty larger and
range from 1 to -3 mm for the LEIAR25.R3 LEIT
antenna, from 1 to -2 mm for the LEIAR25.R3 LEIT
antenna and from 2 to -4 mm for the LEIAR25.R4
LEIT antenna, respectively. This may result from

367
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Table 2 z-PCOs differences (igs14.atx — igs08.atx) for chosen GPS and GLONASS satellites (1 June, 2016).

GPS GLONASS
Block SV /PRN z-PCO diff [cm] Block SV /PRN z-PCO diff [cm]

A 18 /34 -6.76 GLONASS-M 15/716 -5.39
IIR-A 20/51 -3.01 GLONASS-M 10/717 -5.33
IIR-A 16 /56 -3.77 GLONASS-M 20/719 -3.97
IIR-A 14 /41 -4.09 GLONASS-M 19/720 -5.46
IIR-A 13/43 -4.12 GLONASS-M 13/721 -4.28
IIR-A 28 /44 -4.33 GLONASS-M 11/723 -10.03
IIR-A 21/45 -4.63 GLONASS-M 1/730 -19.34
IIR-A 11/46 -2.35 GLONASS-M 4/733 -4.84
IIR-B 22 /47 -5.52 GLONASS-M 5/734 -6.82
IIR-B 19/59 -4.14 GLONASS-M 22/1731 -6.40
IIR-B 23/60 -4.21 GLONASS-M 23/732 -5.63
IIR-B 2/61 -4.98 GLONASS-M 24 /735 -2.18
IIR-M 31/51 -5.89 GLONASS-M 9/736 -4.07
IIR-M 17/53 -5.62 GLONASS-M 6/701 -7.88
[IR-M 12/58 -7.30 GLONASS-M 4/742 -4.75
[IR-M 15/55 -5.83 GLONASS-M 17/743 -12.62
[IR-M 29/57 -6.53 GLONASS-M 3/744 -4.59
IIR-M 7/48 -3.05 GLONASS-M 717745 -3.71
[IR-M 5/50 -4.46 GLONASS-M 2/1747 -3.63
IIF 25/62 -7.99

IIF 1/63 -5.95

IF 30/ 64 -71.79

IF 24 /65 -19.29

IF 27/ 66 -1.77

1IF 6/67 -13.30

IIF 9/68 -7.74

IIF 3/69 -4.94

differences in GLONASS  signal calibration in
comparison to GPS signals as a result of the different
frequencies of GLONASSS satellites.  Since
GLONASS PCC were created from a mixture of
observed frequencies, the calibration results are
satellite constellation dependent and are not as
accurate as the GPS results (Wiibbena et al., 2006). In
case of the TRMS59900.00 SCIS antenna, all the
differences equal zero, as expected.

For the three antenna models where differences
were observed, as a result of switching from igs08.atx
to igs14.atx, it can be also noticed:

e analysing the obtained results for chosen
frequencies, it can be seen that the largest
differences were obtained for the IF combination,
for both GPS and GLONASS signals.

e it can be also noted that the largest differences
occur for low elevation angles - these differences
clearly decrease with the increase of this angle. It
should be noted that the maximum differences
will be neutralized in the results of the presented
studies through the application of a 10° elevation
mask. The one exception to the observed rule is
the LEIAR25.R3 NONE antenna, where for the
IF combination of GLONASS signals the largest
differences were obtained for elevations in the

range from 15° to 45°, in the western regions of
the PCC model.

e generally, for the majority of the analysed cases,
received differences are visibly elevation angle
dependent (this applies to almost all GPS and
GLONASS dPCC received for both L1 and L2
frequencies). For the IF solutions, it can also be
seen that the differences depend on both the
elevation and the azimuth angles.

In addition to the changes in the receiver
antennae models, some changes were also introduced
in the z-PCOs of both GPS and GLONASS satellites.
These changes have been forced by a number of
modifications in various models (e.g. Earth Radiation
pressure, antenna thrust). On average, the z-PCOs of
satellite antennas decreased by approximately 6 cm
during the switching from igs08.atx to igsl4.atx
(Rebischung and Schmid, 2016). The detailed z-PCO
differences for GPS and GLONASS satellites
observed on June 1, 2016 are presented in Table 2.

As can be seen in Table 2, the scattering of z-
PCO differences is significant. For GPS satellites, it
ranges from -2.35 to -19.29 cm, while for GLONAS
satellites the z-PCO differences range from -2.18 to -
19.34 cm.
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5 DILL north WARN north ° igs14.atx
A 5 ‘ T T T igs08 atx
0o \ ° a0 0 a0 a0 8.0 " o aeln o | %% 0% -4
R M P00 @ me ot d0®0,n fans B ol tatir | S0 @ L 2 V0 an 02
. o oo hoo Do o Tp® meses N AT VA WD Tl Sl Rt o
°1>;>"“°“’M%w$”"”””‘“ %ﬁwg{%mwmﬁw P AR G R R
*.nra o B WO n, Tham T Mra” AYFRS AR [IOTII & (I S o SR A AL
L | e 0“ o ° a® ° o ° ° ’ | 1 ’ ° i
E ST61 121 181 241 301 361 421 481 541 601 661 721 ST 81 121 181 241 301 361 421 481 541 601 661 721
— DILL east 5 WARN east
- ° ° %
GCJ ; Soot XY geg’
P
S &;'{ -\ﬁ e °
o '9*’.
8 5161 121 181 241 301 361 421 481 541 601 661 721 61 121 181 241 301 361 421 481 541 601 661 721
) DILL WARN up
10 T o T T T T 10 = T —— T : T T T T
L % ° ® o ° ° o ° o °
Z 5800 e 2 Jo % 5 : °'a $,° oo 5p ° ° o 9 ° o
> odu,a 300 .5 oboe oogo ® s . e
o EEn s R S A By o°;==§,,,v R P s' SR o s
gt B Vi i ¥ B o~°°°° ,ﬁ m ’ﬁg" "‘
N o« .i: KA _5 °80°.p° o °’°g°
o o ° °‘° b o o°
PP PSS SR S LR S P ° -
T 61 121 181 241 301 361 421 481 541 601 661 721 61 121 181 241 301 361 421 481 541 601 661 721

DAY from 1/01/2016

DAY from 1/01/2016

Fig. 6 Station DILL and WARN North, East, Up position components in daily GLONASS-only solution
(vertical line indicates to moment of switching from IBb08/igs08.atx to IGS14/igs14.atx).

4. THE POSITION COMPONENT DIFFERENCES
IN DAILY OBSERVATION PROCESSING
VARIANTS

For purposes of the analysis, position component
time series were created at daily intervals, covering

731 days (2016 and 2017). The two-years time series

of solutions allows both the analysis of stability as

well as the significance (from the practical and
statistical point of view) of the obtained differences.

Additionally, as the switch from IBb08/igs08.atx to

IGS14/igs14.atx took place on January 29, 2017, an

attempt to estimate the influence of mentioned in

Introduction “ephemeris and clocks systematic error”,

on analyzed position component differences can be
made. The purpose of the analysis is to determine the
differences of the station position components, as
aresult of switching PCC models from the igs08.atx
to igs14.atx. Because in the PPP method, the reference
system is based on the satellite constellation and the
best selection for a reference frame is that which
follows the reference frame of the orbits (IGbO8 or
IGS14), all observation were processing using "free
network" method: until 28 January, 2017 in the IGbOS
system, from 29 January, 2017 in IGS14 system.

By assumption, the analysis of the time series
should be referred to topocentric coordinates



370 K. Dawidowicz

° igs14.atx

o
T

-5

igs08.atx

1 61 121 181 241 301 361 421 481 541 601 661 721
DILL east

T T T

5 T T o

F* o . o.°°°€° o aCS, °% R e.°oo ) 3
L S

o N o YR
° )°;°:°c 8“»“7?‘5 T
<

o

-5 !

1 L I L I L L I I L
1 61 121 181 241 301 361 421 481 541 601 661 721

. WARN east

5 T T T

° o !

04 8 o o o8 o o e © g e O

: I EAAPORTHY AT LW o
ARt T
“ * ol o a e &

. ;

R e o (R
2N g, ) Q.O”Ge“_"a,,::s n:'.’,’oo
" o

o
&

1 61 121 181 241 301 361 421 481 541 601 661 721
DILL up

T T T T T

NEU components [mm]

SRTE DS AN S B R C P B &

o QMM’J&%Q % -{t?}‘, "*“é’?éy?‘i’,. ﬁgfwf“"{é:"i‘f
% S, & A o¥9 o 2 5 &
R OGS S e e R RS T I A i
2 © ° o—ogoel

° o ° °

1 61 121 181 241 301 361 421 481 541 601 661 721

DAY from 1/01/2016

161 121 181 241 301 361 421 481 541 601 661 721

10— WARNup —
s s S ayie g Fon®a lislelyit0 a0 i oo oa ]
W NoSo M E o N Yoo & ] O boSeS Pl s DR y
RN T S
of ° X b @

_5,"% ,0\",:5:% ﬂe: 3-#;:’ o r:u:é;o%.. o°°°°,, .g

_10" 1 L 1 L L I 1 1 ° L L I
161 121 181 241 301 361 421 481 541 601 661 721

DAY from 1/01/2016

Fig. 7 Station DILL and WARN North, East, Up position components in daily GNSS solution (vertical line
indicates to moment of switching from IBb08/igs08.atx to [GS14/igs14.atx).
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Fig. 8 The mean differences in the NEU position components obtained from the comparison of solutions using
the igs08.atx and igs14.atx antenna calibration models.

(horizontal components N, E and vertical component
U). The position time series were converted to the
topocentric system according to well-known formulas
(Hofmann-Wellenhof et al., 2001).

Figures 5-7 present the time series of the daily
co-ordinate changes (for station DILL and WARN),
which allows to look on the accuracy of PPP
positioning during the research period as well as
allows estimation the influence of the switch from
IGb08 to IGS14 on analyzed differences. The mean
differences in the NEU position components obtained
from the comparison of solutions using the igs08.atx

and igs14.atx antenna calibration models are presented
in Figure 8. Due to some visible differences in the
obtained GPS and GLONASS dPCC, the observations
were processed using the PPP technique in three
variants: using GPS-only (GPS) observations,
GLONASS-only observations (GLONASS) and using
combined GPS and GLONASS solution (GNSS).
Analysing the results presented in Figure 5, it
can be seen that:
e NEU coordinates generally do not exceed £5 mm
for horizontal components and +10 mm for the
vertical component,
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Table 3 Comparison of mean position component differences obtained in the IGb08 and I1GS14 system (daily

processing variants).

Station Comparison of mean position component differences (IGS14 — IGb08) [mm]

GPS-only GLONASS-only GNSS
North East Up North East Up North East Up
BORJ 0.01 -0.02 -0.01 -0.02 -0.02 0.01 0.00 -0.02 -0.03
DOUR -0.01 -0.02 0.00 -0.01 0.01 0.03 -0.01 -0.01 0.02
LEJ -0.02 -0.01 -0.02 -0.02 0.00 -0.03 -0.02 -0.03 0.01
WARN 0.00 0.02 -0.02 -0.01 -0.01 -0.02 0.00 0.01 -0.01
DILL 0.02 0.01 0.03 0.01 0.00 0.03 0.02 0.00 0.00
EUSK 0.00 0.04 -0.01 -0.02 0.00 0.05 -0.01 0.03 0.02
HELG -0.01 0.02 0.02 0.02 0.02 0.02 0.04 0.03 0.03
ISTA 0.00 0.02 0.01 0.02 -0.02 -0.02 0.02 0.01 -0.04
BYDG 0.00 0.01 -0.02 0.01 0.01 -0.02 0.01 0.02 -0.02
GWWL 0.01 0.02 0.01 0.01 -0.01 0.04 0.02 0.02 0.03
REDZ -0.02 -0.01 -0.02 -0.02 0.02 0.00 0.03 0.03 -0.04
ZYWI -0.01 0.00 0.00 -0.02 -0.03 0.01 0.02 0.04 -0.03

e there are visible differences (especially for Up
component) between solutions using igs08.atx
and igs14.atx files,

e the switch from IBb08 to IGS14 does not reveal
visibly in NEU position components (if atx file
remains unchanged).

Additionaly some increase of scaterring in
obtained position time series can be observed
(especially for DILL North and Up components) in
comparison to GPS-only solutions.

Analysing the results presented in Figure 7
(GNSS solutions), can also be observed the previously
noted phenomenons. It should be noted that GNSS
solutions are characterized by the lowest scattering of
obtained position time series.

Generally, for all analyzed stations, the standard
deviation (SD) of GPS-only results do not exceed
+1.9 mm, +1.1 mm and +2.7 mm (for North, East and
Up components respectively) for the both periods
(before and after switch from IBb08 to 1GS14). In the
case of GLONASS-only solution SD do not exceed
+1.9 mm, +1.1 mm and +3.4 mm (for results until 28
January, 2017) and £2.0 mm, +1.2 mm and £3.4 mm
(for results from 28 January, 2017). Finally, for GNSS
solutions SD do not exceed +1.6 mm, 1.0 mm and
+2.5 mm (for North, East and Up components
respectively) for the both analyzed periods.

Figure 8 presents the mean differences in the
NEU position components obtained from the
comparison of solutions using the igs08.atx and
igsl4.atx  antenna calibration models. These
differences were estimated in both analyzed periods
(until 28 January, 2017 in the IGbO8 system and from
29 January, 2017 in IGS14 system).

Analysing the results presented in Figure 8, it
can be seen that:

e coordinate differences obtained for the station
with the LEIAR25.R3 LEIT antenna (BORJ,
LEJI, WARN) are very similar for all stations and
all processing variants and are approx. -2 mm for
the vertical component and not exceed =1 mm for
horizontal components,

e the coordinate differences obtained for stations
with the LEIAR25.R3 NONE antenna (DOUR)
generally do not exceed £1 mm,

e the obtained horizontal components differences
for the station with the LEIAR25.R4 antenna, are
very similar and do not exceed £0.5 mm,

e for the wvertical component the obtained
differences are processing variant dependent
(GPS-only, GLONASS-only, GNSS) and range
from about 2 mm (GPS-only solution) to about
3 mm (GLONASS-only solution),

e in the case of stations with the TRM59900.00
SCIS antenna, differences can be also observed in
all three position components as a result of
switching from igs08.atx to igsl4.atx. Although
these differences are small, and in all cases do not
exceed +1 mm, their occurrence may be
surprising, considering the zero differences in the
receiver antenna PCC models. One of the reasons
for the occurrence of these differences can be the
differences present in satellite antenna models.
Studies have shown that there is some impact of
changing satellite offsets on positioning.
Chatazinikos et al. (2009) demonstrated that
switching from standard IGS antenna offsets to
absolute PCC (for the antennas of satellites in a
local network) caused changes in the Up
component of about £0.5 mm.

e results obtained for three variants of solution
(GPS-only, GLONASS-only, GNSS) differ
slightly and this mainly involves the GLONASS-
only solution, whose results vary within 0.2-
0.3 mm in comparison to the other two solution
results. This can be caused by differences in GPS
and GLONASS dPCC.

e mean differences obtained until 28 January, 2017

in the IGbO8 system and from 29 January, 2017 in
IGS14 system are very similar (Table 3) which
may indicate that using ephemeris and clock
expressed in IGbOS8 together with igs14.atx file or
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differences for NEU components in daily processing.

ephemeris and clock expressed in IGS14 together
with igs08.atx file affect results in the same way.

Generally, it can be seen that for horizontal
components, the differences in all cases do not exceed
+1 mm, and for the vertical component + 3 mm.
Furthemore, in the case of a GPS-only solution, only
29% of horizontal components differences exceed
+0.5 mm. For GLONASS-only and GNSS solutions,
20% and 25% were received, respectively. For the
vertical component, considering only eight stations
where changes in receiver antenna PCC were
observed, 75% of differences exceed £2 mm in the
GPS-only solution. For GLONASS-only and GNSS
solutions, 62% and 88% were obtained, respectively.

In the obtained results, a correlation can also be
observed (especially for the vertical position
component) between the value of the analysed
difference and the antenna type (about -2 mm for
stations with LEIAR25.R3 LEIT antenna and about
2 mm for stations with LEIAR25.R4 LEIT antenna).

Table 3 presents comparison of mean position
component differences obtained in the IGb08 system
(observation period from 1.01.2016 until 28.01.2017)
and in IGS14 system (period from 29.01.2017 until
31.12.2017): “IGS14 mean position difference” minus
“IGb08 mean position difference”. Analyzed
differences, calculated in both periods, are consistent
at the level of £0.05 mm.

Standard deviations of the time series of position
component  differences obtained from daily
observation windows were used to characterize the
precision of their determination (Fig. 9).

If it is assumed (like Rebischung et al., 2011 and
Baire et al., 2013) that obtained position component
differences are statistically significant, if their

absolute values exceed threefold the standard
deviation value, in the case of the GPS-only
processing variant, 100 % of the determined
differences for the North component, 83 % of the
determined differences for the East component and
100 % of the determined differences for the Up
component can be considered significant. In the
GLONASS-only solution, these values are: 100 %,
100 %, 83 %, respectively. For the GNSS solution,
100 %, 75 % and 100 % statistically significant
differences in the position components were obtained.
5. THE POSITION COMPONENT DIFFERENCES
IN SUB-DAILY OBSERVATION PROCESSING
VARIANTS

PPP results using 24-hour observations are
characterized by millimetre accuracy, both in the
integer  ambiguity of phase  measurements
determination as well as in the float solution variants.
The results obtained in different studies prove (Alkan
and Ocalan, 2013; Mohammed et al., 2016) that in the
case of short, sub-hours sessions this accuracy
significantly falls. This part of the paper contains
analysis regarding the impact of updating PCC models
on a sub-daily derived position component time series.

The time series of NEU component obtained
from 30 minute observation windows processing for
example stations (DILL and WARN) are shown in
Figures 10-12.

Analysing the results presented in Figure 10, it
can be seen that:

e NEU coordinates generally do not exceed £2 cm
for horizontal components and +4 cm for the

vertical component,
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there are visible systematic differences
(especially for Up component) between solutions
using igs08.atx and igs14.atx files,

the switch from IBb08 to IGS14 reveal only
slightly in NEU position components (change in
the scattering of results visible in North DILL, Up
DILL and Up WARN position components).

the position components show rapid changes in
short periods of time, what is associated with
satellite constellation: the orbital period of GPS

satellites or with the number of orbital planes for
GLONASS satellites (Meindl, 2011; Sidorov and
Teferle, 2013; Dawidowicz and Krzan, 2016;
Dawidowicz, 2018).

The results obtained for the GLONASS-only

solution (Fig. 11) are very similar to GPS one. As
previously, they show that:

horizontal components generally do not exceed
+2 cm and vertical component do not exceed
+4 cm,
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e some visible differences between solutions using
igs08.atx and igs14.atx files can be noticed,

e because some increase of scattering in obtained
position time series can be observed in
comparison to GPS-only solutions, the switch
from IBb08 to IGS14 does not reveal visibly in
position components.

e the differences, as previously, show rapid changes
in short periods of time.

Analysing the results presented in Figure 12
(GNSS solutions), can be also observed the previously
noted phenomenons. It should be also noted that
GNSS solutions are characterized by the lowest
scaterring of obtained position time series: horizontal
components generally do not exceed £1 cm and
vertical component do not exceed +2 cm.

Generally, for all analyzed stations, the standard
deviation (SD) of GPS-only results do not exceed
+0.6 cm, £0.6 cm and +1.3 cm (for North, East and
Up components respectively for results until 28
January, 2017) and 0.8 cm, 0.7 cm and £1.2 cm (for
results from 28 January, 2017). In the case of
GLONASS-only solution SD do not exceed +2.7 cm,
+1.7 cm and +4.4 cm (for results until 28 January,
2017) and 1.5 cm, £0.9 cm and £2.2 cm (for results
from 28 January, 2017). Finally, for GNSS solutions
SD do not exceed £0.4 cm, £0.4 cm and +1.0 cm (for
North, East and Up components respectively) for the
both analyzed periods.

Figure 13 presents the mean differences in the
NEU position components obtained from the
comparison of solutions using the igs08.atx and
igs14.atx antenna calibration models.

Analysing the results presented in Figure 13, it
can be seen that:

e (differences

e the characteristics of the obtained differences for

the station with the LEIAR25.R3 LEIT antenna
are very similar for all processing cases and reach
up to -3 mm for the vertical component and do
not exceed £0.5 mm for horizontal components,

obtained for stations with the
LEIAR25.R3 NONE antenna generally do not
exceed £0.5 mm,

e the obtained differences, for the solutions with the

LEIAR25.R4 antenna, are also very similar for all
cases and their values reach up to 3 mm for the
vertical component and do not exceed £0.5 mm
for horizontal components,

e for all sub-daily solutions with the TRM59900.00
SCIS antenna, the differences in the position
components did not reveal even after taking the
sub-millimetre order of accuracy. Although the
TRMS59900.00 SCIS antenna model was not
updated during the switching from igs08.atx to
igsld.atx (zero dPCC differences), daily
observation solutions revealed some differences
in the position components (up to +0.8 mm for
the Up component), as a result of the differences
in satellite antenna models (z-PCO differences).
Probably, this influence does not reveal for very
short observation windows.

e results obtained for three variants of solutions
(GPS-only, GLONASS-only, GNSS) differ
slightly (within 0.2-0.5 mm). This is caused by
differences visible in GPS and GLONASS dPCC,

e as in the case of daily solutions, mean differences
obtained in the IGb08 and in IGS14 systems are
very similar (Table 4).
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Fig. 13 The mean differences in the NEU position components obtained from the comparison of solutions using
the igs08.atx and igs14.atx antenna calibration models.

Table 4 Comparison of mean position component differences obtained in the IGb08 and 1GS14 system (sub-
daily processing variants).

Station Comparison of mean position component differences (IGS14 — IGb08) [mm]

GPS-only GLONASS-only GNSS

North East Up North East Up North East Up

BORJ 0.02 0.01 0.04 0.00 -0.01 0.07 0.03 0.01 0.04
DOUR -0.03 0.03 -0.04 -0.07 0.03 -0.03 -0.02 0.00 -0.02
LEJI 0.01 -0.02 0.06 0.02 0.01 -0.05 0.02 -0.02 0.05
WARN 0.02 0.00 -0.03 0.00 0.03 0.02 0.00 0.01 -0.05
DILL 0.05 0.00 0.05 -0.02 0.04 -0.10 -0.02 0.03 -0.08
EUSK 0.00 0.03 -0.04 0.03 0.00 0.03 0.00 -0.01 0.03
HELG -0.02 0.01 0.05 0.04 0.00 0.04 0.01 0.02 -0.07
ISTA 0.03 0.00 0.04 0.02 -0.03 -0.06 0.02 0.03 -0.06
BYDG 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
GWWL 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
REDZ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
ZYWI 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Table 4 presents comparison of mean position e
component differences obtained in the IGb08 system
and in IGS14 system (“IGS14 mean position
difference” minus “IGb08 mean position difference”).
Analyzed differences, calculated in both periods, are
consistent at the level of 0.1 mm.

As for daily observations, the calculated standard
deviation of the time series of position component
differences were compared with the mean values of
the obtained position differences (Fig. 14).
Considering only eight stations where differences in
the position components were noted, for sub-daily

0 % development for the North component, 0 %
for the East component and 75 % for the Up
component (in GLONASS-only processing
results),

e 0 % for the North component, 0 % for the East
component and 87 % for the Up component (in
GNSS processing results).

For sub-daily observation solutions, the lower
percentage of statistically significant differences in the
position components is the result of the clear
periodicity, visible in all results. This increases the

observations the following statistically significant
differences were obtained:

e 0 % for the North component, 0 % for the East
component and 87 % for the Up component (in
GPS-only processing results),

value of standard deviation, while the average values
of differences are comparable to those obtained from
daily solutions. Nevertheless, considering the results
obtained for the vertical component, the percentage of
statistically significant differences does not fall below
75 %.
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6. CONCLUSIONS

In the paper, the results of the of GNSS
observations processing using the PCC models
included in the igs08.atx and igsl4.atx files for 12
EPN and ASG-EUPOS stations were analysed, both
for daily and sub-daily time series of PPP solutions.
Previous changes in antenna models have resulted in
changes in the estimated parameters, including station
coordinates. Such changes may have particular
significance in precise GNSS measurements
performed for the purpose of geodynamic research,
observation of continental plate motion or
determination of displacements in the global
coordinate system.

Generally, for antennas whose models have been
updated, the revealed PCC differences range from 1 to
-3 mm for the LEIAR25.R3 LEIT antenna, from 1 to -
2 mm for the LEIAR25.R3 LEIT antenna, from 2 to -
4 mm for the LEIAR25.R4 LEIT antenna. For the
TRM59900.00 SCIS antenna, the differences equal
zero as expected. It should also be noted that the
largest differences were obtained for the "iono-free"
combination and for low elevation angles. These
maximum differences were neutralized by applying
a 10° elevation mask.

In addition to the visible changes in the receiver
antenna models, some changes were also introduced
in the z-PCOs of both GPS and GLONASS satellites.
On average, the z-PCOs of satellite antennas
decreased by approximately 6 cm during the
switching from igs08.atx to igsl4.atx. Although for
satellites observed on June 1, 2016, in the case of GPS
satellites, it ranges from -2.35 to -19.29 cm, while for
GLONAS satellites the z-PCO differences range from
-2.18t0-19.34 cm.

Analysing the results obtained for the daily
solutions time series, it can be noted that for
horizontal components, the differences do not exceed
+1 mm, and for the vertical component +£3 mm.
Furthemore, in the case of a GPS-only solution, only
29 % of horizontal components differences exceed
+0.5 mm. For GLONASS-only and GNSS solutions,
20 % and 25 % were received, respectively. For the
vertical component, considering only eight stations
where changes in receiver antenna PCC were
observed, 75 % of differences exceed +2 mm in the
GPS-only solution. For GLONASS-only and GNSS
solutions, 62 % and 88 % were obtained, respectively.
It is worth noting that in the case of the TRM59900.00
SCIS antenna, differences were also obtained for all
three position components. These differences are
small and do not exceed =1 mm. The main reasons for
the occurrence of these differences are probably the
differences present in satellite antenna models.

For sub-daily observations, the differences in
horizontal position components generally do not
exceed =1 mm, while for the vertical difference they
reach +3 mm. Furthermore, in the case of sub-daily
solutions, considering only eight stations where dPCC
were observed, only 6 % of horizontal components
differences exceed +0.5 mm for the GPS-only
solution. For the GLONASS-only and GNSS
solutions, 0 % and 0 % were obtained, respectively.
For vertical component, in the GPS-only solution
889% of differences exceed +£2 mm. For the
GLONASS-only and GNSS solutions 50 % and 88 %
were received, respectively. For all sub-daily solutions
with the TRM59900.00 SCIS antenna, the differences
in the position components did not reveal even after
taking the sub-millimetre order of accuracy. The
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satellite antenna z-PCO differences probably do not
impact the results in the case of very short observation
windows.

Analasis of differences in both periods (from 1
January, 2016 until 28 January, 2017 in the IGb08
system and from 29 January, 2017 until 31 December,
2017 in IGS14 system) revel only small discrepancy
in results. In case of daily solution calculated mean
differences in both periods are consistent at the level
of #0.05 mm. For sub-daily solution they are
consistent at the level of +£0.1 mm. This may indicate
that using ephemeris and clock expressed in 1Gb08
together with igsl4.atx file or ephemeris and clock
expressed in IGS14 together with igs08.atx file affect
results in the same way.
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