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1 Introduction

Two key actvities in 1999, from an IGS Analysis point of view, werethe LEO
(Low EarthOrbiter)workshopandthe 1999AnalysisCenterworkshop.TheLEO
workshopwasheldin Potsdamn March 1999. Althoughthereare currentlyno
operationalL EO satelliteswhich areequippedwith a (usable)GPSreceverthere
are a relatively large numberof missionsplannedin which LEO satelliteswill
carry one (or more) GPSrecevers. In generalthe GPSapplicationsfor LEO
satellitescanbe divided in two groups;preciseorbit determinationPOD), and
atmospherisounding Bothtypesof LEO missiongrequirerapid,if notreal-time,
andaccurateorbits for the GPSsatellites.In additionthe atmosphericsounding
missionswill alsorequirea very high datarate (few secondsampling)from a
GPSgroundrecever network. Clearly the LEO missionshave the potentialto
fundamentallychangethe IGS aswe know it today It is thereforenecessaryhat
thelGStakesanactierolein thisfield if it doesnotwantto looseits positionas
theservicewhich deliversthereferencesystenfor all GPSapplications.
The1999IGS AnalysisCentemorkshoptookplacein Junel999attheScripps
Institution of Oceanographin La Jolla, California. A summaryof the workshop
may be foundin IGSMAIL #2359. The workshopdealtwith two major topics;
“real- andnearreal-timeproductsandapplications”and“long-termstability and
accuray of GPSReferencd-rame”. The positionpaper‘Moving IGS products
towardsreal-time” by GerdGendt,PengFang,andJim Zumbege, proposedhe
generatiorof bothmorerapidandfrequentiGS productdor (near) real-timeus-
age.Theseproductswhich will bedeliveredevery 12 hours(two timesperday),
will containa 48 hour orbit arcfrom which 24 hoursarereal orbit estimatesand
24 hoursare orbit predictions. The lateng of this productis 3 hours. The first
AnalysisCenterultrarapidproductsvereprovidedby GFZ by theendof October
1999. The generatiorof a combined‘ultra rapid” product(IGU) hasstartedin
March2000basedn contributionsfrom up-tofive differentAnalysisCenters.



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 21 .090 .098 .088 31
dTX dTY dTZ dRX dRY dRZ dD
mm/y mm/y mm/y masly masly masly ppbly
Drift -0.7 0.1 -1.9 0.013 -0.015 0.003 0.192
+/- 3 3 3 .011 .012 .011 .043

Table 1. Transformatiorfrom IGS(ITRF96)to IGS(ITRF97)at epoch1-AUG-
1999.ThelERScornventionfor thetransformatiorparametersvasfollowed. The
equivalentchangesn polar motion, in the sense(ITRF97 - ITRF96), may be
obtainedusingPMx = RY andPMy = RX.

2 Changeof Terrestrial Reference Frame (I TRF97)

As discussedand agreedupon during the Analysis Centerworkshopthe IGS

changedts realizationof theInternationalTerrestriaReferencd-rameby switch-
ing from the ITRF96t0 the ITRF970on 1 August1999(GPSweek1021). At the
sametime the setof referencestations(RF) wasslightly enhancedrom 47 to 51

sites. The main changewasthe inclusionof a few sitesfor which the accurag

wasinsufiicientin the ITRF96 but which arewell determinedn the ITRF97. A

SINEX file containingthe necessarynformation aboutthese51 referencesta-
tionsmaybefoundatthelGS CentralBureau.Althoughthe TRF96andITRF97
framesarenominallyalignedgloballyin all 7 Helmertcomponentandtheirrates,
comparisorof the IGS subsef RF sitesshaws significantdifferencedbetween
theITRF96 andITRF97 realizations.The expecteddifferencedetweernthe IGS

productsbasednthe TRF96andITRF97referencdramesaregivenin Tablel.

More informationaboutthis ITRF changemaybefoundin IGSMAIL #2432.

3 Current IGSand AC product quality

Despitethestill rapidlyincreasingprocessindgpaddueto morestationsadditional
products(ultra rapid!), and shorteningsubmissiondelays,the Analysis Centers
managedagainto improve and/ormaintaintheir solution precision,timeliness,
andreliability. Thequalityimprovementf thelGS productssincel994is demon-
stratedin Figure 1, which shavs the weightedorbit RMS (WRMS) for the final

AnalysisCentersolutionswith respecto the combinedGS final orbit products.
Several AnalysisCentersandalsothe IGS rapid orbit productshave reachedhe



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 the AnalysisCenterandIGS
Rapid(IGR) orbit solutionswith respecto the IGSfinal orbits.

Products Predicted  Rapid Final

Delay Real-Time | 17 hours| 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| pus/d
Stations 50| mm
Troposphere 4.0 | mmZPD
Geocenter 30.0| mm
TerrestrialScale 2.0 ppb

Table3: Quality of thelGS Referencé-rameproductsatthe startof theyear2000

3—4 centimeterorbit precisionlevel. Similar levels of accurag areindicatedby
the IGS 7-dayarc orbit analysisandby comparisonsvith satellitelaserranging
obsenationsof the GPSsatellitesPRN 5 and6. The enormousefforts andthe
resultingimprovementsof the AnalysisCenterglobalsolutionsarealsoshavnin
Table 2, wherethe yearly averagesf weightedorbit RMS valuesare shown for
all AnalysisCentersandthelGS rapidorbit (IGR).

Theprimaryobjective of theIGSis to provide a ReferenceSystemfor awide
varietyof GPSapplicationsTo fulfill thisrolethelGS produceslargenumberof
differentcombinedproductswhich constitutethe practicalrealizationof the IGS
ReferenceSystem. Table 3 givesan overview of the estimatedquality of these
differentlGS Referencd-rameproductsat the startof the year2000.
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Figurel: Weightedorbit RMS (mm) of the AnalysisCenterandIGS Rapid(IGR)
orbit solutionswith respectto the IGS final orbits. The weekly WRMS values
from theorbit combinatiorsummariesveresmoothedor plotting purposes,ising
asliding 10 weekwindow.



4 QOutlook

As mentioneckarlieranew, ultrarapid,IGS combinedoroduct(IGU) will become
availablein the nearfuture. This productwill be availablefor real-timeusage,
like the IGS predictedorbits (IGP), but the quality shouldbe significantlybetter
becausehe averageageof the predictionsis reducedrom 36 to 9 hours. In the
monthsto come thequality andthereliability of thelGS Ultra rapid (IGU) orbits
will beassessedgainsthelGS PredictedIGP) andIGS Rapid(IGR) products.
Whenit reachesa satishctorylevel (which could be soonerthanwe think) the
IGU productswill replacethethelGP andIGR products.

A secondnearly completed changeis the new clock combinationwhich is
basedon the RINEX clock format. This new clock combinatiorwill provide the
normalcombinedsatelliteclocksin theorbit (SP3)formatandit will alsoprovide
both satelliteand stationclocksin the RINEX clock format. Theseclock prod-
uctswill have a samplingrate of 5 minutescomparedo the current15 minutes.
SomeAnalysis Centerseven provide higher sampledclock products,e.g., JPL
providesclockswith a samplingrate of 30 sec. This new clock combinationis
currently(March 2000)runningin atestmodeandpreliminaryresultsarebeing
madeavailable.

The plansfor the new andimproved IGS Referencd-rame(RF) realization,
asproposediuringthe 1997 AnalysisCenterworkshopby JanKouba,have been
finalizedin March2000. Startingwith GPSweek1050theweeklylGS RFrealiza-
tion, asgenerateét NRCanby RemiFerland hasbecomeofficial, seel GSMAIL
#2740for moredetails. In this nenv IGS RF realizationthe combinedorbits are
madeconsistenwith the combinedIGS Reference-rame(SINEX) solution by
usingboththetransformatiorparameterandthe combinedERPsstemmingirom
the SINEX combination.



