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Abstract

In 2001 the 3 Local Analysis Center (LAC) Workshop took
place in Warsaw, Poland. It was settled at that workshop to
change some processing optionswith the beginning of GPSweek
1130 to improve the EPN products. The LAC’ s solutions are
fixedtothecurrent I TRF sincethe sameweek in order to support
the EPN Troposphere Special Project, and a coordinate re-
substitution is applied in the fina estimation of the hourly
troposphere parameters. Thel TRF2000 referenceframeisused
inthe EPN analysissinceweek 1143 according to the changes
withintheInternational GPSService(IGS). Thereisaninitiative
within the IGS to establish a densification of the global 1GS
network by, e.g., regional networks. Thisapproach requiresthe
correct alignment of the regional networks to the global one.
Two EPN test solutions are generated for that purpose.

I ntroduction

Thereare currently 15 L ACswhich each of them analyses
asub-network of theEPN. TheLACssubmit weekly SINEX
files of station coordinate solutionsand daily SINEX files
of station troposphere parameter solutions to the EUREF
DataCenter at the Bundesamt fiir Kartographieund Geodasie
(BKG). Thisreport dealswith the analysis method and the
coordinateresults. A detailed report about the troposphere
parameter combination isgiven by the Troposphere Coor-
dinator at the 2002 EUREF symposium. Thereisan agree-
ment to use common processing optionsby all LACsinthe
analysis of the EPN observations. These options will be
changed to new sel ectionsor modelsif obvioudy theresults
will improve. Changesof theprocessing optionshavesimul-
taneously to be introduced by al LACs to identify the
corresponding changes in the results. Such changes took
placeintheyear 2001 and areoutlined inthe next paragraph.

Table 1: EPN Processing History 2001/2002

16 — 19 May 2001 — EUREF 2001 Symposium, Dubrovnik, Croatia
31 May — 01 June 2001  — 3 Local Analysis Center Workshop, Warsaw, Poland
2 Sep 2001 — Introduction of new processing options, following the minutes of the 3" LAC Workshop, Warsaw
(week 1130) — SINEX filessubmitted by the LA Csarefixed tothe I TRFxx (contribution to Troposphere Specia Project)
— New analysis center IGE introduced into the combined solution
14 Oct 2001 — New product generation for test purposes. Densification of global 1GS weekly solution, product not
(week 1136) official and not public available
— New product generation: Transformation of the EUREFfixed solution from ITRFinto ETRF, product
not official and not public available
November 2001 — Proceedingsof the 3" Local AnalysisCenter Workshop published inthe Reportson Geodesy No3 (58),
2001, Warsaw University of Technology
2 Dec 2001 (week | — Change from ITRF97 to ITRF2000 in reference frame realization
1143) — New analysis center SGO introduced into the combined solution
9 Dec 2001 (week | — Comment linesin the SINEX file header as submitted by the LACs are extracted and distributed
1144) tothe LACs
12 Jan 2002 (week | — New product generation for test purposes: Densification of global 1GS cumulative solution,
1149) product not official and not public available
5—8 June 2002 — EUREF 2002 Symposium, Ponta Delgada, Portugal

EPN Processing Changes

been hold at the Warsaw University of Technology in
May/June 2001. Representativesof the L ACsreported about

All remarkable changessincethe EUREF 2001 symposium
concerning the analysis of the EPN observation data are
summarizedin Tablel1. A very fruitful LAC Workshop had

their activities and the status of the EPN Special Projects
had been presented too. Details about that workshop may
be found in the proceedings [SLEDzINSKI, 2001]. It was
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agreed uponto commonly change some processing options
inthe EPN analysi swith the beginning of GPS-week 1130.
Thesenew optionsaregivenintheminutesof theL ACwork-
shopwhich areavailableontheweb-pageof the EPN Central
Bureau[BRUYNINX , 2002] and summarizedin Table2. The
observation elevation cut-off angle was lowered to 10/ in
order to better de-correl ate the station height and troposphere
parameters, and the elevation dependent weighting of
observations was introduced, to account for the increased
noiseof observationsonlow elevations. TheLACsnow use

the Niell mapping function to more redlistically map the
troposphericdelay into zenith direction. Figure 1 showsthe
RMS of the Helmert residuals, which result from weekly
Helmert transformations between each LAC solution and
the combined solution. The numbers in the plot are mean
RMS values averaged over al stations and all LACs. A
significant reduction of the RM S of the height component
after the introduction of the new options becomes visible
intheplot. It confirmsthat the height consi stency between
theindividual LAC solutions has improved.

Table 2: Summarized minutes of the 3rd LAC Workshop in Warsaw, May/June 2001

Guidelines

— Usage of IGS Orbits
— Introduction of Ocean Loading Corrections

— 10/ elevation cut off angle and elevation dependent
weighting of observations

— Usageof Niell mapping functionfor troposphere parameters

Recommendations

— Estimation of hourly troposphere parameters

— Savetroposphere parametersindaily normal equationfiles, generate
weekly SNX solution, re-generate TRP files with fixing on SNX
coordinates

— Ambiguity fixing

— Include RM S of unit weight in SNX files (Bernese Software only)
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Figure 1: Helmert transformation between Local Analysis Center solutions and combined solution

Improvement of ZTD Parameters

The recommendations of Table 2 are mandatory for those
LACswhichcontributeto the Troposphere Special Project.
A so-caled coordinatere-substitution’ isperformed by the
LACssinceweek 1130. The LACsheavily constrain their
weekly coordinate results in the final estimation of the

troposphere parameters for the daily troposphere files. It
yieldsaconsi stency of station coordinatesand troposphere
parameters of theweekly solutionsof each LAC. All coor-
dinate constraintswill beremoved before the combination
of theLACsSINEX filesand have no effect onthe combined
coordinateproduct at all. Themotivationfor thisprocedure
is to reduce the biases in the combination of the station
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specifictroposphereparameters. Thesebiasesarecal cul ated
by the EUREF Troposphere Coordinator and are givenin
theweekly summary filesEURwWwWwWw7.T SU, where wwww’
means the gps-week.

AdditiondlytheLAC solutionsarealignedtothel TRF since
week 1130. Thisreferenceframealignment will again con-
tribute to areduction of the troposphere biases, because it
improvesthe consistency betweentheindividual LACs. By
thealignment of all EPN sub-networksto | TRF approximate-
ly identical station coordinates are hold fixed in the tropo-
sphere parameter estimation. A full consistency of station
coordinatesand troposphere parameterscould be achieved,
if identical coordinates, e.g., the coordinatesof thefinal com-
bined sol ution, would be hol d fixed during the troposphere

parameter estimation. But this is currently not realized.
Figure 2 shows weekly coordinate variationsfor the BKG
solutions, which have been cal cul ated asfollows: For each
station the coordinate difference between a) the coordinates
asgiveninthe submitted SINEX file of the specified LAC
and b) the coordinates of the combined sol utioniscal culated.
It is assumed, that weekly variations caused by the datum
definition are identical for all stations and the plot shows
only the mean value of the differences after applying a
majority voting. Following this assumption the variations
of the mean coordintate differences may be interpreted as
variations of thereference frame. Theweek to week varia-
tionsdisappear sinceweek 1130, after BK G started to submit
solutions aligned to the ITRF.

SINEX Coordingte Comparison for BKG, wesks 1115 — 1160

T
O._
—-100
£
&
—200 +
! 1

N
1130

1110

A A PR - ' .
1140 1150 1160

gpsweek

Figure 2: Coordinate variations in BKG SINEX files

In order to study the effect of the station height variations
onthetropospherebiasvariationsboth parametersare shown
inFigure3. Typically theseparametersarehighly correlated.
Theblack line shows exactly the same height variations as
giveninFigure2. The‘origina’ tropospherebiasesfor BKG
solutions, as calculated by the Troposphere Coordinator,
isgiveninthe grey line. Now we consider the a change of
1 mminthezenithtropospheric delay parameter may change
the station height of 2to 6 mm[Bock et a., 2000]. But no
correlation becomesvisibleif we comparethegrey and the
black lines. Furthermorethe scaling of thetroposphere biases

with a factor of 2 to 6 ,following the relations mentioned
above, will not show the expected high correlation for the
period beforeweek 1130. However if thetropospherebiases
arescaledwiththeempirical determinedfactor 50, asisgiven
intheredlinein Figure 3, weseenearly identical variations
of the scaled troposphere bias and the stations heights. It
confirmsthehigh correlation between both parameters, but
thefactor of 2to 6 asgivenin the reference paper, may not
be correct for large height variations. For the period after
week 1130theempirical determined factor 50isnot correct.
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Height Misalignment and Tropo. Bias for BKG, weeks 1110 — 1160
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Figure 3: Sation height and troposphere bias variation
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Figure 4: Sation height and troposphere bias variations after reference frame alignment
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Figure4 showsaspecia focusonthe period after week 1130.
A scaling factor of 4 has been empirically determined to
verify the between troposphere bias and station height
correlation. Itfitsnowthenumbersasgiveninthereference
paper. Some outstanding weeks may be explained by the
different outlier detection, which had been applied in the
independently calcul ation of the two parameters. We con-
clude from Figure 3 and Figure 4, that the correct scaling
factor between the two studied parameters depends on the
absoluterange of the height variations. The same behavior
has been verified in tests for all other LACs.

It has to be mentioned, that the mean station height varia-
tions, which areshownin Figures3and 4, may only becon-
sideredasa’trend’ and adetail ed study of eachsinglestation
is necessary. The systematic variations of the biases may
be reduced, if the final combined EPN coodinate results
(official weekly EPN products) would be used for the coor-
dinate re-substitution. The Troposphere Coordinator will
ask the LACsto compute such solutionsfor test purposes.

Changefrom ITRF97 to | TRF2000

All LACs use the ITRF2000 since week 1143 (the week
when 1GS switched from ITRF97 to ITRF2000) to be
consistent to thel GS and to take benefit from theimproved
referenceframe. Thered curve of Figure5 showstheRMS
of theresidual sof Helmert transformationsbetween I TRF97/
2000 and the EUREF combined sol utions, which areheavily
constraint to I TRF97/2000 through 12 referencesites. The
weekly EPN solutionsfit better tothel TRF sinceweek 1143,
because new observations, which are closer to the current
epoch, had beenintroduced into the TRF2000 calcul ations.
Since week 1153 Helmert transformations between the
I TRF2000 and the EPN free-network solutionsarecal cul ated
aswell and the corresponding RM Svaluesaregiveninthe
blueline. The12referencesites, which areusedtoformulate
the free network conditionsfor the datum definitionin the
free-network solutions, are identical to those used to
constrainthefixed solution. Theequivalenceof thered and
the blue lines confirms, that the alignment of the EPN to
the ITRF isequivalent for the fixed and the free solutions
(see aso presentation by Z. ALTAMIMI at EUREF 2002
Symposium).
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Figure 5: Helmert transformation between weekly EPN solutions and I TRF

EPN Reference Frame Alignment

Aninitiativestarted by thel GSaimsto realizeadenseglobal
GPSnetwork, whichisfully consistent to the | GS products
(satelliteorbits, earth orientation parameters, referenceframe,
...). Onecandidate concept for densification of theexisting
global 1GS network consists of the alignment of regional

GPSnetworks, suchasthe EPN, totheglobal |GSsolution.
This concept was also topic of the |GS 2002 Workshopin
Ottawa, Canada, in April 2002. Threedifferent methodshad
been presented at theworkshopin order to alignaregional
network to a global one. Zuheir Altamimi presented the
theory and resultsof theformulation of free-network condi-
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tionsto align anetwork solution. Mike CRAYMERand REMI
FERLAND reported about theusage of Helmert Transformar
tionsfor network alignment. Heinz Habrich showed results
after constraining thecommon sitesof theglobal andregional
solutionsto define the datum of the regional solution. The
| GS Reference Frame Coordinator will now compare the
results of these three methods.

The EPN currently holds about 122 stationsin and around
Europe. As42 of thesestationsareincludedinthel GSglobal
network, the remaining 80 stations may be considered to
bearegional densification of the| GSreferenceframe. For
that purposetwo test solutionsof the EPN aregenerated by
the EPN Analysis Coordinator on weekly basis(see Table
1). Thefirst solution alignstheweekly EPN solutionto the
weekly | GSsolution; thesecond onedignsanewly generated
cumulative EPN solution to the cumulative 1GS solution.
The IGS coordinates of the common stations are fixed in
both solutions. It is planned to continue the generation of
these test solutionsto study the quantity of the differences
to the current official products until afinal decision about
the densification method has been made by the IGS. The
continuoudy generation of the current official productswill
be guaranteed in any case.

Conclusions

Asshown in thisreport the EPN has implemented state of
the art processing options and will go on in the future to
realizethehighest level of accuracy. Theclosecooperation
between 1GS and EUREF, which is currently held by the
regiona densification activities, provides benefit for IGS
from EUREF and vice versa. The EPN products are the
achievement of the continuous effort of the station opera-
tions, data centers and analysis centers among others.
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