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GOP (near) real-time ZTD solutions 

 Regional GPS solution (official solution) 
4-h data batch of basic processing 
12-hour NEQ stacking for troposphere estimation 
28-day NEQ stacking for precise coordinate solution 

 Global hourly solution (official solution) 
Derived from regional solution, need for a high solution robustness 
Station-specific quality, additional product filtering based on formal errors 

 Regional GPS+GLONASS solution (testing) 
Operational GPS+GLONASS solution in parallel 
Evaluation vs. GPS (the official solution) 
Additional stations in Greece (19) & Latvia (23) 

 Real-time solution (demonstration campaign) 
G-Nut/Tefnut – in-house software for PPP strategy and IGS products 

2 
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GOP NRT processing features: 

 Bernese GPS software v.5.0 

 Inputs: hourly GNSS data and precise IGU/IGV orbits (precise clocks not necessary) 

 Processing starts at single server every hour at HH:20, HH:28, HH:40 

 4 hourly data batches and normal equations (NEQ) 

GOP ZTD characteristics: 

 ZTD product (HH:00 – HH:59) - linear trend model  

       (piece-wise linear function) 

 ZTD product filtering: 

 min 4 hours in NRT ZTD solution 

 min 2 days in NRT CRD solution 

Basic characteristics 

Data collection 

GPS global 130 sites ≈ 7min 

GNSS Europe 100 sites ≈ 5min 

GPS Europe  

80 sites ≈ 4min 
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GNSS regional network processed in GOP 
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GOP near real-time ZTD comparison (monthly) 
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Global network processed by GOP 

6 
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GOPG – NRT global solution (weekly) 
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Operational NRT multi-GNSS GOP ZTD  

Admin/view 

8 

 Multi-GNSS ZTD started after GPS week 1632 (IGS08 PCV+PCO models) 

 Using the same strategy as GPS official contribution to E-GVAP, but more 
frequently exploit robustness of GOP NRT solution than stand-alone GPS 

 Testing unofficial IGV (GPS+GLONASS) ultra-rapid orbits 

 With exception of June/July (leap second), running continuously 

 Compared with GPS (official) shows slightly better Sdev and Bias 
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G-Nut  software library,  user applications 

Goals & Status: 

 G-Nut generic library for developments of GNSS applications 

 Open-source tools for user applications (available under GNU GPLv3) 

 G-Nut/Geb – precise positioning (static/kinematic) 

 G-Nut/Tefnut – troposphere monitoring (real-time/post-processing) 

 G-Nut/Anubis – data editing, cutting/splicing, QC monitoring tool 

 G-Nut/Shu – tropospheric models based on NWM data 

Main characteristics 

 written in C++, object oriented design, supporting multi-thread applications 

 command-line application design for Linux (future support for Windows/OS-X) 

 multi-GNSS (RINEX-3.2 compliant – GPS, GLONASS, Galileo, BeiDou, SBAS, QZSS) 

 various adjustment methods (LSQ, Kalman/srcf, back-smoothing, NEQ stacking) 

 (near) real-time and offline processing in PPP mode 

 configuration via XML inputs (file, standard input) 

Václavovic P., Douša J, Györi, G. (2013), G-Nut software library - state of development and first results, 
Acta Geodynamica at Geomaterialia, pp 431-436, Vol. 10, No. 4 (172), doi:10.13168/AGG.2013.0042. 
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10 

Example configuration for Tefnut (PP) 



R
e

s
e

a
rc

h
 I

n
s

ti
tu

te
 o

f 
G

e
o

d
e

s
y,

T
o

p
o

g
ra

p
h

y
 a

n
d

 C
a

rt
o

g
ra

p
h

y
 

G
e

o
d

e
ti

c
 O

b
s

e
rv

a
to

ry
 P

e
c

n
ý

 (
G

O
P

) 

11 

Web for Tefnut and other applications 
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Initial evaluation benchmark (various modes) 

44-day statistics (2 April – 14 May 2012)  with respect to IGS/EUREF repro1 
Various modes of gNut-Tef settings:  
 a) CRD static or kinematic         
 b) real-time (RTCM) or offline (SP3+CLK) 

kinematic mode static mode 

Not dramatically worse ! std dev 5-9 mm ! 

x 

x 
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Real-time demonstration campaign 

Feb-Oct 2013 – 18 European and 18 global stations, various RT products & settings 
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Real-time benchmark – initial results 

EUROPEAN STATIONS 
GLO:NRT  - GOP (Bernese) near real-time global solution 
TEF:RT  - GOP (Tefnut) real-time ZTD solution (coordinates static) 
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15 

Real-time benchmark – initial results 

EUROPEAN STATIONS 
BSW:NRT – GOP (Bernese) near real-time regional solution 
GLO:NRT  - GOP (Bernese) near real-time global solution 
TEF:RT  - GOP (Tefnut) real-time ZTD solution (coordinates static) 
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16 

Real-time benchmark – initial results 

EUROPEAN STATIONS 
BSW:NRT – GOP (Bernese) near real-time regional solution 
GLO:NRT  - GOP (Bernese) near real-time global solution 
TEF:RT  - GOP (Tefnut) real-time ZTD solution (coordinates static) 

TEF:KIN – GOP (Tefnut) real-time ZTD solution (coordinates kinematic !!!) 
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17 

Real-time benchmark – initial results 

GLOBAL STATIONS ! 
GLO:NRT  - GOP (Bernese) near real-time global solution 
TEF:RT  - GOP (Tefnut) real-time ZTD solution (coordinates static) 
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Global real-time orbit and clock products 

Admin/view 

18 

 Real-time PPP requires orbit and clock products  

 IGS Real-Time Service (RTS) has started to provide since the end of 2012 

 Latency: 40-50s ;   Accuracy: ~3-10 cm (orbits),  ~0.05-0.20 ns (clocks) 

 Three products were selected for the demonstration campaign: 

IGS01, IGS02 and CNS91 

Mount point Update rate Provider Remarks 

IGS01 
Orbits – 5 s 
Clocks – 5 s 

IGS/ESOC 
Single-epoch 
combination 

IGS02 
Orbits  - 60 s 
Clocks – 10 s 

IGS/BKG 
Kalman filter 
combination 

CNS91 
Orbits – 5 s 
Clocks – 5 s 

CNES Individual product 
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Real-time demonstration – weekly biases 
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20 

Real-time demonstration – weekly precision 
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Real-time demonstration – precision 



R
e

s
e

a
rc

h
 I

n
s

ti
tu

te
 o

f 
G

e
o

d
e

s
y,

T
o

p
o

g
ra

p
h

y
 a

n
d

 C
a

rt
o

g
ra

p
h

y
 

G
e

o
d

e
ti

c
 O

b
s

e
rv

a
to

ry
 P

e
c

n
ý

 (
G

O
P

) 

22 

Real-time demonstration – biases 
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Real-time demonstration – hourly comparison 
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Real-time demonstration – geographical plots 
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Real-time pseudo-kinematic coordinates 
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Availability of  real-time ZTD (CNES product) 
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GOP tropo database: 

routine comparisons 

vs. final ZTD     AbsBias   StdDev 
ZTD regional   0-1 mm   3-6 mm 
ZTD global   0-3 mm   3-8 mm 
ZTD real-time        0-20 mm   5-10 mm 

rel   abs PCV model strategy 
update 
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IGS final product monitoring (examples) 
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