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The GOP analysis center: a global near real-time solution

J. Dousa*

1. Motivation

The activities of the Geodetic Observatory Pecny (GOP)
analysiscenter inthefield of theNRT processing hasstarted
already in 1999. The operational monitoring of the tropo-
sphere hasgot the highest priority fromthe beginning. The
quality of theNRT orbitsand the actual GPS geometry has
been the crucial factorsin such an analysis. We have used
the CODE predicted orbitswithitspartial relaxationinthe
year 1999 [e.g. Dousa 20014a]. Thanksto the IGS's effort
inthe coordination and thanksto all other responsible con-
tributing agencies, thehigh quality NRT orbits(ultra-rapid,
IGU), has been devel oped and avail able two times per day
since March 2000 [ SPRINGER and HUGENTOBLER, 2001].
ThelGU product hasbeenused as‘fixed’ inthe GOProutine
analysis [Dousa, 2002] for the COST-716 NRT
demonstration campaign 2001 [v.D. MAREL et al., 2002].
Althoughthel GU product proved to bevery stablefor this
purpose, theslight improvementscan bestill expected. Let
assume two reasons:

up to six satelliteswere missing in the |GU product during
2001, weakening the GPS geometry and

using necesarilly apredictionupto 15 hoursthel GU orbits
can reach the meters (exceptionally tens of meters) orbit
errors for some satellites.

Both limitations can be more or less significant inthe high
quality troposphere analysis.

2. Introduction

Based on above motivation, the GOP analysis center also
processesaNRT global solutionfor theorbit determination.
Infuture, wewould consider worthwhileto contributeinto
the common orbit determination servicerather thanto apply
anyindividual orbitrelaxationduringthe NRT analysis. We
would thus preffer to share our effort and benefit from the
robustness of the combined (1GS) product.

Apart from the other GPS analyses at GOP, the global
processing was started at the end of the year 2000. Since
October 30, 2001, theanalysishasbeen already runningin
fully continuous mode. The processing isperformed using
the Bernese GPS software (BSW) [Hugentobler et al ., 2001].
The adapted version 4.2 of the BSW was applied in the
beginning, whilein the second half of 2001, the new (still
preparing) BSW version 5.0 wasintroduced. Together with
the significant changes between these versions, our script
system has been completely recreated and efficiently
prepared al so for the possibleupdate of the Bernese Process-
ing Engine.

3. Processing system for the global solution

Our system of the global NRT analysis is based on the
effectivemethod of normal equation (NEQs) stacking. The
special experiment [Dousa and Hugentobler, 2002] has
proved that optimal strategy consistsin six hoursdata pre-
processing with saving the NEQsasthe basi ¢ subsol utions.
These pre-processing steps are analysed in 2-3 clusters
combined into the short time-span globa subsolution.
Afterward, along-arc orbit determinationisapplied stacking
the sequential set of the NEQs for a 3-day final solution.

Our analysis scheme is sketched in Fig.1. Starting from
January 1, 2002, the whole processing cycle and the GOP
NRT orbits, hasbeenupdated every 3 hours. Thegloba GPS
observations from approx. 70 sites over the world are
downloaded through the GOP NRT data center [Dousa,
2001b]. Thelatency of our global product isabout 2 hours
after thelast observation, fromwhich 50 ministhewaiting
time for GPS data and 60-80 min the total time for the
analysis on dua 600MHz Linux PC. The orbits are
determined as 3-day arcs, but final product in SP3 format
consistsof satellitespositionsof last 24 hoursfitted and 24
hourspredicted portions. Theorbitsarechecked for thearc-
overlap consistencies with the previous two solutions and
the orbits of poor agreement are automatically excluded.

4. Global NRT tropospheric parameters

Apart fromthe orbit determination, the tropospheric para-
metersare estimated at theend of our NRT solution. It helps
us to check our orbit quality directly through the global
application, becausethe GOP orbitsare already kept fixed
in this solution. The analysis consists in the combination
of two last 6-hour special NEQs, where we estimate one
tropospheric parameter per hour and the station. From
February 2002, our NRT troposphericresultsareregularly
uploaded to thel GS pil ot combinationin GeoFortschungs-
Zentrum (GFZ), Potsdam. Thesimplepreliminary compari-
son of our results with the combined |GS NRT product,
presented in Table 1, shows a very good agreement.

5. GOP orbit performance

Only afew satellitesare usually missing inour orbit product,
seeFig. 2 (left). Mostly it isthe lower number than by the
IGU product. We were, of course, interested if these
additional satellites in our product achieve the sufficient
quality. Theright plot in Fig. 2 confirms the high quality
for thelast compared 30 days, wheregenerally 2-3 additiona
satellitesareavailablein GOP, but missinginl GSproducts.
During 5 month period (Nov 1, 2001 - Mar 2, 2002), the
performance of GOP orbits was variant, but it shows the
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significantimprovementsespecially fromthestart of 2001,
and later onfromthebeginning of March, 2002, Fig. 3. The
reasons were dueto the additional implementationsin our
solution: careful network reconfiguration, optimization of
thesitemonitoring method, setting up an alternativeinternet
connection eliminating significant data gaps and others.

Checking thedifferencesbetween GOPand | GSrapid orbits
duringthelast 30 compared daysresultedinthemeanRM S
of 10-15cm for the fitted portions and for the 6-hour
predicted portion about 20-25cm, seeFig. 3. Thecomparison
performed between GOP and IGU products for the last 3
months(starting on January 1, 2002) ischaracterized by the
valuesonly dightly higher: 13-17cm for the fitted and 20-
32cm for 6-hour predicted portions.

The direct use of our orbits for the global tropospheric
monitoring givesthemean standard deviation of 3.9mmand
mean bias of 2.5mm for the ZTDs based on 350 pairs per
Sitein average (Table 1).
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Table 1. ZTD comparison (GOP, IGS ultra-rapid combined).

: Bias Sdev . : Bias Sdev . : Bias Sdev .

Site [mm] [mm] # pairs Site [mm] [mm] # pairs Site [mm] [mm] # pairs
ALGO +4.4 34 542 KOUR +1.6 66 190 REYK +2.1 25 526
AUCK +1.8 50 183 LAE1 +2.8 55 286 RIOG -28 62 227
BRUS +2.1 21 420 MALI +1.6 65 288 SANT +4.4 68 245
CHUR +1.5 26 572 MASL +2.5 42 241 SCH2 -15 21 373
COCO +4.3 59 183 MATE +2.2 35 488 STJO +0.6 33 405
CRO1 +2.9 71 245 MBAR +2.6 45 231 THTI +0.8 67 155
DRAO +3.5 29 559 MCM4 +2.7 30 447 TIDB +4.7 39 393
FAIR +2.6 40 452 MKEA +1.9 47 212 TOW2 -14 30 170
GOLD +2.3 21 430 MSKU +1.8 43 356 UsuD +3.1 45 196
GUAM +2.9 46 162 NKLG +0.8 49 294 VILL +0.4 23 417
HARB +0.3 24 392 NLIB +7.9 72 213 WHIT +0.3 20 393
HOFN +6.0 35 580 NRC1 +1.4 23 185 WTZR +3.2 26 592
HRAO +1.7 43 217 ONSA +2.1 21 358 YAR2 -15 26 393
11SC -26 53 184 PERT +5.5 37 372 YELL +3.7 26 555
KERG +2.0 57 309 POTS +2.7 25 599 ZWEN +2.4 30 528
KIRU -5 24 367 PRDS +2.2 21 368
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data download & transfer ... hourly O,N-RINEX (GOP data center)
6h data concatenation [clusters] ... data quality checking
broadcast a priori orbits ... 1st a priori orbits
~
5 code SPP processing [clusters] :) ... satellite clock estimation, manoeuvres detection
; 6h pre—analysing [clusters] D ... DD, data cleaning, cycle slip detection, amb. setting
T.| 6h parameter estimation [clusters] ... orbits, coordinates, trop.parameters —> saving 6h—-NEQs
% 24h combination ... 1stiteration orbits (using last 6h—-NEQs)
S a priori orbit update ... 2nd a priori orbits
~
.| 6h pre-analysing ... DD, data cleaning, cycle slip detection, amb. setting
E 6h parameter estimation [clusters] ... orbits, coordinates, trop.parameters —> saving 6h—-NEQs
E 24h combination ... coordinates, troposph. parameters —> saving CRD, TRP
« | 6h residuals checking [baselines] ... detection of outliers and sites’, satellites’ problems
3 6h parameter estimation [clusters] ... orbits, coordinates, trop.parameters —> saving 6h-NEQs
° iterative combination for 72hours :) ... iterative arc—splitting, final orbits, ERPs.
N
orbit quality check ... orbit-overlaps consistency checking
E export orbits, ERPs ... exclude satellites, format the output files, upload results
2 orbit comparisons ... compare GOP orbits backward to the IGS orbits (ultra, rap, fin)
= web update ... updating web monitoring
-
g 6h residuals checking [baselines] D ... baselines—wise residuals checking using GOP orbits fixed
S| 6h parameter estimation ... GOP orbits fixed (1h ZTD parameters) —> saving 6h-NEQs
§ 12h combination ... stacking two last 6h—NEQs for NRT ZTD estimation
g export near real-time TRP ... export NRT ZTD parameters
~
clossing session ... database updating, data cleaning

Figure 1. Analysing scheme of the GOP global NRT solution for the orbit determination and the tropospheric delay monitoring.
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Counts

of satellites in the IGS and GOP ultra-rapid products
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Figure 2. Number of satellitesavailablein | GSultra-rapid and GOP products (Ieft). Theright plot showsthe GOP orbits compared
to the IGSrapid orbits during the last available 30-day period.
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Figure 3. The comparisons between GOP and IGS ultra-rapid NRT orbits for fitted and predicted portions.



