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GOP RT servicesGOP RT services

NTRIP Server (EUREFNTRIP Server (EUREF--IPIP))

EUREFEUREF--IP/VESOG/CZEPOS: GOPE0 RTCM2 1,3,16,18,19,22,31 GPS+GLOIP/VESOG/CZEPOS: GOPE0 RTCM2 1,3,16,18,19,22,31 GPS+GLO

EUREFEUREF--IP/VESOG/CZEPOS: TUBO0 RTCM2 1,3,18,19          GPS         IP/VESOG/CZEPOS: TUBO0 RTCM2 1,3,18,19          GPS         

VESOG/CZEPOS: PLZE0 RTCM2 3,18,19,22,31      GPS+GLOVESOG/CZEPOS: PLZE0 RTCM2 3,18,19,22,31      GPS+GLO

VESOG/CZEPOS: LYSH0 RTCM2 3,18,19,22,31      GPS+GLOVESOG/CZEPOS: LYSH0 RTCM2 3,18,19,22,31      GPS+GLO

VESOG/CZEPOS: VSBO0 RTCM2 3,18,19,22,31      GPS+GLOVESOG/CZEPOS: VSBO0 RTCM2 3,18,19,22,31      GPS+GLO

VESOG/TEST  : GOPE1 RTCM2 1,3,16,18,19       GPS   VESOG/TEST  : GOPE1 RTCM2 1,3,16,18,19       GPS   

VESOG/TEST  : GOPG0 RTCM2 3,18,19,22,31      GPS+GLVESOG/TEST  : GOPG0 RTCM2 3,18,19,22,31      GPS+GLOO

-- already part of EUREFalready part of EUREF--IPIP

NTRIP Caster (NTRIP Caster (for for VESOG VESOG -- GNSS permanent station network)GNSS permanent station network)

-- actually actually distributdistributeses RTK data from the VESOG GNSS stationsRTK data from the VESOG GNSS stations

-- Caster is running on dedicated hosted serverCaster is running on dedicated hosted server andand we we can can 
provide particular casting also for EUREFprovide particular casting also for EUREF--IP in futureIP in future..
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GOP RT usageGOP RT usage

NTRIP NTRIP ClientsClients (EUREF(EUREF--IPIP))

-- developing the tool for data stream monitorideveloping the tool for data stream monitoringng

-- completingcompleting BNC (BKG Ntrip Client) BNC (BKG Ntrip Client) toto storstoree data batchesdata batches tto o 
feedfeed EUREF Local Data CentreEUREF Local Data Centre with hourly RINEX fileswith hourly RINEX files

RTIGS Archiver (IGS RTWG)RTIGS Archiver (IGS RTWG)

-- storing storing about about 18 RTIGS global stations18 RTIGS global stations in hourly RINEX filesin hourly RINEX files

RTRT--client usageclient usage

Support Data Center and nearSupport Data Center and near--real time processing at GOPreal time processing at GOP

-- GPS meteorologyGPS meteorology

-- UltraUltra--rapid orbitsrapid orbits
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GOP GOP RT support RT support –– ultraultra--rapid orapid orbitrbit determinationdetermination

Last improvements:Last improvements:

switched to official Bernese V5.0 (sourceswitched to official Bernese V5.0 (source modified)modified)

revised network configurationrevised network configuration and processing startupand processing startup

parallel parallel analysis analysis usingusing clustersclusters (4 CPUs @ 2 PCs)(4 CPUs @ 2 PCs)

handling unhealthy satelliteshandling unhealthy satellites,,manoeuvres in analysismanoeuvres in analysis

satellite satellite not excluded from processingnot excluded from processing(only in product)(only in product)

ambiguity fixing (in 6 hour sessions)ambiguity fixing (in 6 hour sessions)

estimated ionosphere modelestimated ionosphere model supporting ambig. resol.supporting ambig. resol.

realreal--time data supporttime data supported fromed from RTRT--IGSIGS

datum definitiondatum definition: : fidutial sitesfidutial sites iteratively checkediteratively checked

new IGS standardsnew IGS standards ((since since Nov 2006)Nov 2006)
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GOP orbit determination GOP orbit determination -- bbasic processing featuresasic processing features

prepre--processing processing : : 
6h-data batch

final product final product : : 
by NEQ stacking

product update product update :  :  
6 hours
hourly rate possible

a priori orbitsa priori orbits: : 
IGS ultra-rapid 
predictions
Broadcast orbits

iteriterativelyatively improved orbitsimproved orbits::
1 day

final orbits final orbits :  :  
3 days

# sites# sites:: 5656
# clusters# clusters :  5:  5

6h
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Processing Processing ooptimizationsptimizations

-- processing approach (procedure, sessions)processing approach (procedure, sessions)
-- Bernese programs and strategies (input, setup)Bernese programs and strategies (input, setup)
-- network clustering optimization (size of subnetwork clustering optimization (size of sub--networks)networks)
-- source code efficiency (repeating tasks, I/O operations)source code efficiency (repeating tasks, I/O operations)

cluster and sourcecluster and source--
code optimizedcode optimized

24 MB24 MB24  min24  min6 h (2)6 h (2)

cluster optimizedcluster optimized24 MB24 MB30 min30 min6 h (1)6 h (1)

no optimizedno optimized24 MB24 MB33 min33 min6 h (0)6 h (0)

clusters optimizedclusters optimized30 MB30 MB36 min36 min12 h (1)12 h (1)

clusters optimizedclusters optimized40 MB40 MB54 min54 min24 h (1)24 h (1)

commentscommentsdisk usagedisk usagerunrun--timetime1 session1 session



EUREF-TWG, Lisbon 5-6, 2007 8

GOP GOP new and oldnew and old pproductroduct:   GPS orbits:   GPS orbits



EUREF-TWG, Lisbon 5-6, 2007 9

GOP GOP new and old new and old pproductsroducts:   X,Y:   X,Y--PolePole, LOD, LOD
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IGS combinationIGS combination (from IGS ACC monitoring)(from IGS ACC monitoring)
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GOP pGOP product summaryroduct summary tabletable

<5<5

1010

66

1122

1212

2424

OrbitsOrbits

[cm][cm]

0.20.2

55

--

--

ClockClockss

[ns][ns]

0.030.03

0.060.06

0.30.3

0.50.5

0.30.3

0.50.5

0.10.1

0.30.3

0.10.1

0.3 0.3 
IGUIGU

0.03 0.03 

0.070.07

0.20.2

0.40.4

0.40.4

0.40.4

0.10.1

0.30.3

0.10.1

0.3 0.3 

GOU_newGOU_new

20062006

0.07 0.07 

0.090.09

0.4 0.4 

0.40.4

0.1 0.1 

0.10.1

0.9 0.9 

0.90.9

0.3 0.3 

0.50.5

GOU_oldGOU_old

20062006

LODLOD

[ns][ns]

Yp rateYp rate

[mas/day][mas/day]

Xp rateXp rate

[mas/day][mas/day]

YY--polepole

[mas][mas]

XX--polepole

[mas][mas]

fittedfitted

predictedpredicted

Next PriorityNext Priority: 1) support of GLONASS ultra1) support of GLONASS ultra--rapidsrapids
2) support of precise clocks2) support of precise clocks
+ + higher higher update update rate possiblerate possible
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OutlookOutlook
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model   + rt product

MotivationMotivation

RealReal--TimeTime
Precise Point PositioningPrecise Point Positioning

REALREAL--TIMETIME

orbits & clocksorbits & clocks

NEAR REALNEAR REAL--TIMETIME
(PREDICTED)(PREDICTED)

orbits & clocksorbits & clocks

NEAR REALNEAR REAL--TIMETIME
(PREDICTED)(PREDICTED)

orbitsorbits

REALREAL--TIME TIME 

clocksclocks

Two streams with different distributionTwo streams with different distribution scheme ?scheme ?
Not necessarily, but useful.Not necessarily, but useful.

We haveWe have ddevelopevelopeded a a new stream providing precise continuous new stream providing precise continuous 
orbits in efficient format for orbits in efficient format for realreal--time time distributiondistribution::„„COPCOP--SS““

possible models real-time products

COPCOP--SS

The aimThe aim::
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Towards realTowards real--time ctime continuousontinuous oorbitrbit productproduct

Status:Status:
IGS ultraIGS ultra--rapid product in batches(4x/day), rapid product in batches(4x/day), discrete discrete 
epochsepochs (15(15minmin), GPS only), GPS only

RRequests:equests:
uniqueunique((!!)), efficient and continual , efficient and continual representationrepresentation of of 
precise GNSS orbitsprecise GNSS orbits to support consistent realto support consistent real--time time 
clock estimationsclock estimations
distribution via realdistribution via real--time streamtime stream
clientclientss should apply anyshould apply any sampling ratesampling rates in RT, NRTs in RT, NRT

Proposition:Proposition: Continuous Orbit Polynomials Stream  (COPContinuous Orbit Polynomials Stream  (COP--S)S)
distribution of the distribution of the polynomial coefficientpolynomial coefficientss representinrepresentingg
the individual satellite orbit the individual satellite orbit positions (in ECEF)positions (in ECEF)
polynomials validity interval: 1 hourpolynomials validity interval: 1 hour ((HR:00HR:00--HR:60)HR:60)
reference epochreference epoch: : middle of the intervalmiddle of the interval (HR:30(HR:30))
method: fitting the polynomials method: fitting the polynomials connected to the connected to the 
previous set, minimizingprevious set, minimizing the orbit the orbit predictpredictionsions and and 
getting RMS as getting RMS as the the discontinuity meassurediscontinuity meassure
continuity upto the first derivative continuity upto the first derivative ((velocityvelocity,, ddTimeddTime))
COPCOP--S format specifiedS format specified
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IGS ultraIGS ultra--rapids (RT) / IGS finalsrapids (RT) / IGS finals
IGUIGU--00:  @ 03h  UTC00:  @ 03h  UTC

used:   04used:   04--10h 10h 
IGUIGU--06:  @ 09h UTC06:  @ 09h UTC

used:   10used:   10--16h16h
IGUIGU--12:  @ 15h UTC12:  @ 15h UTC

used:   16used:   16--22h 22h 
IGUIGU--18:  @ 21h UTC18:  @ 21h UTC

used:   22used:   22--04h 04h 

Real predictions: 4Real predictions: 4--10h10h

ComparisonsComparisons::

IGS IGS 
finalsfinals & & ultraultra--rapidsrapids

inin 15min SP315min SP3 std filesstd files
××

IGS IGS finals in finals in 30sec SP330sec SP3
modelled in inertialmodelled in inertial

systemsystem

IGS finals midnight discontinutiesIGS finals midnight discontinuties
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Fit / Get   polynomial coefficientsFit / Get   polynomial coefficients

PositionPosition
-- worstworst

PositionPosition
-- finefine

clocksclocks::
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DiscontinuitiesDiscontinuities: : positionposition//velocityvelocity
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Polynomial degreePolynomial degree

Position: 10 deg (12 deg)Position: 10 deg (12 deg)
Clocks: 4 deg (6 deg)Clocks: 4 deg (6 deg)

IGS_15min
x

IGS_30sec
[mm] !![mm] !!

IGU_15min
x

IGS_30sec
[cm][cm]
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Fitted intervalFitted interval
Position: 3 hours  (10 deg)Position: 3 hours  (10 deg)
Position: 4 hours  (12 deg)Position: 4 hours  (12 deg)

Clocks: 1 hour  (4 deg)Clocks: 1 hour  (4 deg)

10 deg10 deg

12 deg12 deg
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Polynomials reproductibility from 1Hz positionsPolynomials reproductibility from 1Hz positions
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EvaluationEvaluation: : Fitting PolynomialsFitting Polynomials (X, Z)(X, Z)
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EvaluationEvaluation: : Getting Polynomials Getting Polynomials (X, T)(X, T)
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Our iOur implementationmplementation

Main features:Main features:
StreamOrbits sw (SO)StreamOrbits sw (SO)
C++ OOP designC++ OOP design
GPSTk usedGPSTk used
(SGLab, Univ(SGLab, Univ.of Texas)of Texas)

SO NTRIP servers and SO NTRIP servers and 
clients started at clients started at 
individual threadsindividual threads
Method: Fit or Get Method: Fit or Get 
PolynomialsPolynomials

Hourly reading SP3 Hourly reading SP3 
products and global products and global 
navigation messagenavigation message
RealReal--time or posttime or post--
processing modeprocessing mode
Monitoring will be Monitoring will be 
enabled via both enabled via both 
server and clientserver and client
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COP COP SStream structuretream structure

Two blocks of the polynomial coefficient setTwo blocks of the polynomial coefficient set
previous/present previous/present OR  present/futureOR  present/future
each each prefixedprefixed by by ‘‘#Time#Time--MarkMark’’ commentcomment
Each block of the polynomials contains Each block of the polynomials contains 
subframes for all satellitessubframes for all satellites

SatellitesSatellites’’ subframes consist of:subframes consist of:
initial comment lineinitial comment line
PRN id, Accuracy Code, Healthy CodePRN id, Accuracy Code, Healthy Code
Beg, End time of the polynomials validityBeg, End time of the polynomials validity
Reference time for the polynomialsReference time for the polynomials
blocks of polynomial coeff.blocks of polynomial coeff. (each component) (each component) 

component id: component id: ‘‘XX’’, , ‘‘YY’’, , ‘‘ZZ’’, , ‘‘TT’’
number of coefficients for the componentnumber of coefficients for the component
deg of freedom from fitting polynomialsdeg of freedom from fitting polynomials
RMS from fiting polynomialsRMS from fiting polynomials
coefficientscoefficients



EUREF-TWG, Lisbon 5-6, 2007 25

Distribution schemeDistribution scheme,, redundancyredundancy

?? ?? ??

??
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FuFurrtherther requirementsrequirements

COP Stream should be robust stableCOP Stream should be robust stable
data source redundancy - ok
caster duplicity enabled
server duplicity (not implemented yet)

COP Stream content should be monitored and COP Stream content should be monitored and 
backward evaluatedbackward evaluated

with respect to IGS rapids (24-48h backward)
- orbit positions
- orbit position continuities betw. polynomials
archive in database
web-intergace

CLK Stream to support RT/NRTCLK Stream to support RT/NRT--PPPPPP
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EPN productsEPN products

RealReal--time clock generators exist as well as data streams time clock generators exist as well as data streams 
‘‘COP+CLKCOP+CLK’’ or  or  ‘‘SP3SP3’’ like stream could be providedlike stream could be provided

The (near) realThe (near) real--time PPP client software should be prepared.time PPP client software should be prepared.
The client package could be provided to all/most of the EPN The client package could be provided to all/most of the EPN 

operational centers (site operators), who can individually operational centers (site operators), who can individually 
support the RT (or NRT)  EUREF future products:support the RT (or NRT)  EUREF future products:

station behavior monitoringstation behavior monitoring
GPS meteorology for NWPGPS meteorology for NWP
earthquake hazard monitoringearthquake hazard monitoring
......
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COP streamCOP stream:         1sat(3pos) = 33 values/hour:         1sat(3pos) = 33 values/hour
+ no header+ no header
+ satell. accuracy and healthy codes, fitting RMS+ satell. accuracy and healthy codes, fitting RMS
+/+/-- continuous data valid over interval (one hour)continuous data valid over interval (one hour)
+ transport efficiency when using temporary connections+ transport efficiency when using temporary connections

aprox. 30s to get a full data set valid for at least 1 houraprox. 30s to get a full data set valid for at least 1 hour
-- slower initializationslower initialization
+ orbit positions continuity provided+ orbit positions continuity provided
+ no gaps when storing SP3 files for NRT batch analysis+ no gaps when storing SP3 files for NRT batch analysis

CLK streamCLK stream:         1sat(clk)   = 3600 values/hour:         1sat(clk)   = 3600 values/hour
+ e.g. 1Hz clock corrections+ e.g. 1Hz clock corrections
-- possible clock gaps when saving for NRT possible clock gaps when saving for NRT 

SP3 1Hz streamSP3 1Hz stream:   1sat(3pos+clk) = 10800+3600 values/hour:   1sat(3pos+clk) = 10800+3600 values/hour
+ standardized format (but for batch)+ standardized format (but for batch)
+/+/-- epochepoch--wise oriented data for the interpolationswise oriented data for the interpolations
+ fast initialization+ fast initialization

-- discrete data, but 1Hz fine for the reproduction [mm]discrete data, but 1Hz fine for the reproduction [mm]
-- headerheader

-- possible pos+clk gaps when saving for NRTpossible pos+clk gaps when saving for NRT

COP+CLK  or  SP3 1Hz stream ?   other ?COP+CLK  or  SP3 1Hz stream ?   other ?


