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1 Introduction

Two key activities in 1999,from an IGS Analysispoint of view, werethe LEO
(Low EarthOrbiter)workshopandthe1999AnalysisCenterworkshop.TheLEO
workshopwasheld in Potsdamin March1999. Althoughtherearecurrentlyno
operationalLEO satelliteswhichareequippedwith a (usable)GPSreceiver there
area relatively large numberof missionsplannedin which LEO satelliteswill
carry one (or more) GPSreceivers. In generalthe GPSapplicationsfor LEO
satellitescanbe divided in two groups;preciseorbit determination(POD),and
atmosphericsounding.Bothtypesof LEO missionsrequirerapid,if notreal-time,
andaccurateorbits for theGPSsatellites.In additionthe atmosphericsounding
missionswill also requirea very high datarate (few secondsampling)from a
GPSgroundreceiver network. Clearly the LEO missionshave the potentialto
fundamentallychangetheIGS aswe know it today. It is thereforenecessarythat
theIGS takesanactive role in this field if it doesnot wantto looseits positionas
theservicewhichdeliversthereferencesystemfor all GPSapplications.

The1999IGSAnalysisCenterworkshoptookplacein June1999attheScripps
Institutionof Oceanographyin La Jolla,California. A summaryof theworkshop
may be found in IGSMAIL #2359. The workshopdealtwith two major topics;
“real- andnear-real-timeproductsandapplications”and“long-termstability and
accuracy of GPSReferenceFrame”. Thepositionpaper“Moving IGS products
towardsreal-time”by GerdGendt,PengFang,andJim Zumberge,proposedthe
generationof bothmorerapidandfrequentIGSproductsfor (near-) real-timeus-
age.Theseproducts,which will bedeliveredevery12 hours(two timesperday),
will containa 48 hourorbit arc from which 24 hoursarerealorbit estimatesand
24 hoursareorbit predictions.The latency of this productis 3 hours. The first
AnalysisCenterultrarapidproductswereprovidedby GFZby theendof October
1999. The generationof a combined“ultra rapid” product(IGU) hasstartedin
March2000basedoncontributionsfrom up-tofivedifferentAnalysisCenters.
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TX TY TZ RX RY RZ D
mm mm mm mas mas mas ppb

Offset 0.3 0.5 -14.7 0.159 -0.263 -0.060 1.430
+/- 2.1 2.1 2.1 .090 .098 .088 .31

dTX dTY dTZ dRX dRY dRZ dD
mm/y mm/y mm/y mas/y mas/y mas/y ppb/y

Drift -0.7 0.1 -1.9 0.013 -0.015 0.003 0.192
+/- .3 .3 .3 .011 .012 .011 .043

Table1: Transformationfrom IGS(ITRF96)to IGS(ITRF97)at epoch1-AUG-
1999.TheIERSconventionfor thetransformationparameterswasfollowed.The
equivalent changesin polar motion, in the sense(ITRF97 - ITRF96), may be
obtainedusingPMx = RY andPMy = RX.

2 Change of Terrestrial Reference Frame (ITRF97)

As discussedand agreedupon during the Analysis Centerworkshopthe IGS
changedits realizationof theInternationalTerrestrialReferenceFrameby switch-
ing from theITRF96to theITRF97on 1 August1999(GPSweek1021).At the
sametime thesetof referencestations(RF) wasslightly enhancedfrom 47 to 51
sites. The main changewasthe inclusionof a few sitesfor which the accuracy
wasinsufficient in the ITRF96but which arewell determinedin the ITRF97. A
SINEX file containingthe necessaryinformationaboutthese51 referencesta-
tionsmaybefoundat theIGSCentralBureau.AlthoughtheITRF96andITRF97
framesarenominallyalignedgloballyin all 7 Helmertcomponentsandtheirrates,
comparisonof the IGS subsetof RF sitesshows significantdifferencesbetween
theITRF96andITRF97realizations.TheexpecteddifferencesbetweentheIGS
productsbasedon theITRF96andITRF97referenceframesaregivenin Table1.
More informationaboutthis ITRF changemaybefoundin IGSMAIL #2432.

3 Current IGS and AC product quality

Despitethestill rapidlyincreasingprocessingloadduetomorestations,additional
products(ultra rapid!), andshorteningsubmissiondelays,the AnalysisCenters
managedagainto improve and/ormaintaintheir solutionprecision,timeliness,
andreliability. Thequalityimprovementof theIGSproductssince1994isdemon-
stratedin Figure1, which shows theweightedorbit RMS (WRMS) for thefinal
AnalysisCentersolutionswith respectto thecombinedIGS final orbit products.
SeveralAnalysisCentersandalsothe IGS rapidorbit productshave reachedthe
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Year COD EMR ESA GFZ JPL NGS SIO IGR
1994 11 14 17 12 14 32 21 -
1995 8 10 14 10 9 17 16 -
1996 6 10 9 9 7 15 8 6
1997 4 10 7 6 6 16 7 5
1998 4 10 7 4 5 14 6 5
1999 3 10 7 3 4 9 5 4

Table2: Yearlyaverageweightedorbit RMS(cm)of theAnalysisCenterandIGS
Rapid(IGR) orbit solutionswith respectto theIGSfinal orbits.

Products Predicted Rapid Final
Delay Real-Time 17hours 11days Units
Orbit 50.0 10.0 5.0 cm
Clock 150.0 0.5 0.3 ns
Pole 0.2 0.1 mas
LOD 30.0 20.0 � s/d
Stations 5.0 mm
Troposphere 4.0 mmZPD
Geocenter 30.0 mm
TerrestrialScale 2.0 ppb

Table3: Qualityof theIGSReferenceFrameproductsat thestartof theyear2000

3–4 centimeterorbit precisionlevel. Similar levelsof accuracy areindicatedby
the IGS 7-dayarc orbit analysisandby comparisonswith satellitelaserranging
observationsof the GPSsatellitesPRN 5 and6. The enormousefforts andthe
resultingimprovementsof theAnalysisCenterglobalsolutionsarealsoshown in
Table2, wheretheyearlyaveragesof weightedorbit RMS valuesareshown for
all AnalysisCentersandtheIGSrapidorbit (IGR).

Theprimaryobjectiveof theIGS is to provideaReferenceSystemfor a wide
varietyof GPSapplications.To fulfill thisroletheIGSproducesalargenumberof
differentcombinedproductswhich constitutethepracticalrealizationof theIGS
ReferenceSystem. Table3 givesan overview of the estimatedquality of these
differentIGSReferenceFrameproductsat thestartof theyear2000.
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Figure1: Weightedorbit RMS(mm)of theAnalysisCenterandIGSRapid(IGR)
orbit solutionswith respectto the IGS final orbits. The weekly WRMS values
from theorbit combinationsummariesweresmoothedfor plottingpurposes,using
a sliding10weekwindow.
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4 Outlook

As mentionedearlieranew, ultrarapid,IGScombinedproduct(IGU) will become
available in the nearfuture. This productwill be availablefor real-timeusage,
like the IGS predictedorbits (IGP), but thequality shouldbesignificantlybetter
becausetheaverageageof thepredictionsis reducedfrom 36 to 9 hours. In the
monthsto come,thequalityandthereliability of theIGSUltra rapid(IGU) orbits
will beassessedagainsttheIGS Predicted(IGP) andIGS Rapid(IGR) products.
Whenit reachesa satisfactorylevel (which could be soonerthanwe think) the
IGU productswill replacethetheIGPandIGR products.

A second,nearlycompleted,changeis the new clock combinationwhich is
basedon theRINEX clock format. This new clock combinationwill provide the
normalcombinedsatelliteclocksin theorbit (SP3)formatandit will alsoprovide
both satelliteandstationclocksin the RINEX clock format. Theseclock prod-
uctswill have a samplingrateof 5 minutescomparedto thecurrent15 minutes.
SomeAnalysisCenterseven provide highersampledclock products,e.g., JPL
providesclockswith a samplingrateof 30 sec. This new clock combinationis
currently(March2000)runningin a testmodeandpreliminaryresultsarebeing
madeavailable.

Theplansfor the new andimproved IGS ReferenceFrame(RF) realization,
asproposedduringthe1997AnalysisCenterworkshopby JanKouba,havebeen
finalizedin March2000.Startingwith GPSweek1050theweeklyIGSRFrealiza-
tion, asgeneratedatNRCanby RemiFerland,hasbecomeofficial, seeIGSMAIL
#2740for moredetails. In this new IGS RF realizationthe combinedorbits are
madeconsistentwith the combinedIGS ReferenceFrame(SINEX) solutionby
usingboththetransformationparametersandthecombinedERPsstemmingfrom
theSINEX combination.
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