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Present activities:
ü Real-ǘƛƳŜ ŀǘƳƻǎǇƘŜǊŜ ƳƻƴƛǘƻǊƛƴƎ όŀƪŀ ΨDb{{-ƳŜǘŜƻǊƻƭƻƎȅΩύ

ü Real-time clock corrections estimation (regional)

ü Real-time precise kinematic positioning

ü Real-time data quality control

Χ ŜǾŀƭǳŀǘŜŘ ŦǊƻƳ routine operations

Χ ǳǎƛƴƎ ŀƭƭ ǊŜŀƭ-time streams available from EPN sites

Χ ǿƛǘƘ ǘƘŜ ǎŜǘ ƻŦ ǎƻŦǘǿŀǊŜ ǘƻƻƭǎ enabled for real-time analyses:

·G-Nut/Tefnutςtroposphere and ionosphere estimates

·G-Nut/Gebςprecise point positioning (PPP)

·G-Nut/Sothisςsatellite clock correction estimates

·G-Nut/Anubis ςmulti-GNSS data quality control

·G-Nut/Heqetςdata dissemination, synchronization and conversion



2013-2019: developments and enhancements of 
RT analysis for GNSS meteorology

ÅImplementation of PPP supporting

Åmany stations processed autonomously

Åconsistently estimated all parameters (ZTD, horizontal gradients, slant 
tropospheric delays), all with the highest temporal and spatial resolution

Åsupport all global systems: GPS + GLONASS + Galileo + BeiDou

ÅRaw observation model for

Åestimating both Tropospheric + Ionosphericparameters (simultaneously)

Åusing observations from all available frequencies

ÅNew adaptable processing strategy for

Åintegrating near real-time (NRT) & real-time (RT) analyses

Åexploiting backward filter in low-latency solution updates



A. Standard NRT solution for E-GVAP (e.gΦ DhtΩǎ .ŜǊƴŜǎŜ V52)

B. Adaptable strategy using PPP solution (G-Nut/Tefnut), and
VHourly products/hourly data: NRT (i.e. to replace A)

VReal-time products/hourly data: RT + smoothing (NRT)

VReal-time products/data: RT + smoothing (NRT) + NRT

4
Adaptable strategy for GNSS meteorology

DouǑa J, Václavovic P, ZhaoL, YŀőƳŀǌƝƪM (2018) New Adaptable All-in-One Strategy for Estimating Advanced 
Tropospheric Parameters and Using Real-Time Orbits and Clocks, Rem Sensing, 10, 232

Trade-off between
Accuracy and Latency
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RT vs NRT processing strategy

ÅCƛƴŀƭ ½¢5ǎΥ DhtΩǎ .ŜǊƴŜǎŜ όмƘΣ ƴŜǘǿƻǊƪ ǎƻƭǳǘƛƻƴύ ŀƴŘ DC½Ωǎ όмрƳƛƴΣ tttύ

Å{ƛƳǳƭŀǘŜŘ w¢ ½¢5ǎ όLD{лмύΥ  DhtΩǎ D-Nut/Tefnut solution (5 min, PPP)

ÅKalman+smootherςŘƛŦŦŜǊŜƴǘ ǎƳƻƻǘƘƛƴƎ ǳǇŘŀǘŜΥ мƘΣ нƘΣ Χ нпƘ

ZTD gradients



Utilization of GNSS raw observations
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Advantages:

V Benefit from all GNSS signals/frequencies

V Individual observation weighting etc.

V Reduced noise compared to IF combination

V Provides Ionosphere and Troposphere

Disadvantages or requirements:

V Knowledge of code biases, inter-frequency biases

V More parameters to be estimated
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Raw observations from single epoch/frequency ( Schönemann et al. 2011)



ÅZTD biases below 2 mm
ÅZTD Sdev& RMS within 4-6 mm

Evaluation of RAW × IF observation models
7

ÅOperational real-time analysis of all available EPN RT streams (>150 stations)



RAW model: Delft multi-receiver benchmark
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Site Receiver

DLF5 SeptentrioPolaRx4

DLF6 Leica

DLF7 Javad

DLF8 Topcon Net-G5

DLF9 Trimble

DLFV U-Blox

ZTD difference Bias StdDev RMS

DLF5: reference - - -

DLFV ςDLF5 +3.4 mm 5.5 mm 6.5 mm

DLF6 ςDLF5 - 0.9 mm 2.4 mm 2.5 mm

DLF7 ςDLF5 - 0.2 mm 0.6 mm 0.6 mm

DLF8 ςDLF5 - 0.4 mm 0.7 mm 0.8 mm

DLF9 ςDLF5 +0.0 mm 0.7 mm 0.7 mm

The Delft benchmark was prepared by Lennard Huisman & Hans van der Marel (2019)



Near real-time product visualization

ÅEuropean solution (>150 stations)

Åhttp:// www.pecny.cz/GOP-TropDB/TROPO-DATA/TROPO-RT.EUR.html

http://www.pecny.cz/GOP-TropDB/TROPO-DATA/TROPO-RT.EUR.html
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Near real-time product visualization

ÅMulti-receiver benchmark at DELFT

Åhttp:// www.pecny.cz/GOP-TropDB/TROPO-DATA/TROPO-RT.DUA.html

http://www.pecny.cz/GOP-TropDB/TROPO-DATA/TROPO-RT.DUA.html
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Å ZTD comparison of GOP operational RT PPP vs. EUREF combined solution
Å Evaluation includes a variety of changes (SW, products, settings, stations)

Operational RT ZTD - long-term evaluation

ÅZTD biases reduced to a few mm
ÅZTD Sdev& RMS within 4-7 mm Č comparable to NRT EGVAP standard
ĄDegraded results for IGS03 product since early 2017
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IGS real-time products 2013-2017

[cm]  
RMSE SDEV

Radial Along Cross Position Clock Clock

IGS01 1.84 2.83 2.38 4.34 5.72 2.95

IGS02 2.35 3.71 3.04 5.63 10.08 3.52

IGS03 2.41 3.82 3.10 5.70 10.28 3.03

CNS91 2.68 3.07 2.47 5.01 11.16 2.29

Precision Ą phase processing!

Ψ!ŎŎǳǊŀŎȅΩ Ą code processing!

IGS08 -> IGS14 !
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Å IGS(03) combined & CNES individual solutions (2019)
Å GOP regional clock solution - based on 25 European stations (2019)

Å Strategy mixing undifferencedcode + epoch-different phase observations
Å New strategy for clock datum definition in regional/RT solution (Zhao et al. 2019)
Å Currently satellite clock corrections for GPS + GAL

2019/Q1: evaluation of RT clock corrections

IGS03 CNS91
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GOP regional

Regional solution cannot be 
assessed in a similar way
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Evaluation by performance of RT PPP (kinematic)

Č 3 days using GOP & CNES clock products (processed with G-Nut/Geb):
Å GOP regional corrections
Å CNESglobal corrections (including anomaly on March 13-14, 2019)
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RMS: 1-3 cm (horizontal), 4-6 cm (vertical)



Web QC charts for RTCM and RINEX
· Aninteractivewebservicefor visualizingGNSSQCcharacteristics

· Visualizationof QC-XMLfilesfrom three sources(viaPostgresdatabase)

Ɓ 1) RTCMςreal-time (RT) - http:// www.pecny.cz/qc/rt/

Ɓ 2) RINEXςftp/ files(RX) - http://www.pecny.cz/qc/rx/

Displaymodes:

· Networkview

· Stationview

Parameters:

· Overall systems

· System-specific

· Signal-specific

Examplesfor:

· Period: Q4/2018

· Network: EUREF

http://www.pecny.cz/qc/rx/
http://www.pecny.cz/qc/rx/


Availability of observation epochs

RTCM

RINEX

Missing 
files

EUREF selected sites



Have/expected observation ratio (0 deg)

RTCM

RINEX

EUREF selected sites

RINEX: variability over stations is due to presence of more GNSS systems and signals



Number of phase observations per cycle slip

RTCM

RINEX

GANP: the change correlates with estimated minimum elevation angle 

EUREF selected sites

WTZR: GPS+GLO only available with minimum L1+L2 signals

WTZR: GPS+GLO+GAL+BDS available, with Galileo double # of cycle slips



System-specific: number of satellites

GPS GLO GAL

RTCM

RINEX

Missing 
system

EUREF selected sites

We additionally check:
- position repeatability from SPP
- have/expected (usable) epochs
- signal-to-noise ratio



System-specific: code multipath + noise

GPS GLO GAL

RTCM

RINEX
Mostly 
AltBoc

EUREF selected sites

AltBoc
not 

always 
available


