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T H E   M O T I V A T I O N
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Static GPS-IWV-Retrieval
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T H E   H I S T O R Y
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… and on ship (Baltic Sea)
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Research Vessel “Alkor”



7GSA – 23.10.2013

T H E   E F F O R T
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• We have carried out a considerable effort within COSMEMOS 
project to care about the challenges imposed by kinematic
tropospheric path delay retrieval.

• Estimation in static mode (i.e. for reference stations) is clearly 
more accurate, but we tried to implement useful enhancements 
for kinematic mode (based on previous experiences in the 
Baltic Sea) and hope to obtain an acceptable level of accuracy.

• Our hope to supply improved results in comparison to the 
previous experiences is based on the following aspects:
• Optimized estimation intervals: 6 hours of GNSS data are 

analyzed in one data batch in kinematic mode (longer than in 
previous projects where we used a few hour[s] of data). This 
should warrant a better smoothing of the coordinates and the 
multipath errors.

What can we do better?



9GSA – 23.10.2013

• Continued:
• Separate troposphere estimator: We have developed and 

implemented a separate block adjustment estimator for 
tropospheric delays. The main point is that this estimator 
works with tight horizontal constraints for the coordinate 
components. This means that the initial coordinates are 
taken from the ordinary "position + troposphere" estimation 
run, but in the special troposphere run, only "height + 
troposphere" are estimated. This makes the system of 
equations more stable (proof of evidence delivered in this 
presentation).

• Dual GNSS constellation: We can make use of GPS + Galileo 
satellites in comparison to previous projects where we only 
used GPS. This increases the number of observations. Note 
that at least two Galileo satellites are needed to add a value in 
our algorithm, and we need precise orbits for it!

How can we do better?
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One complete year of data (2011) used for verification! 

Network algorithm
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Unconstrained algorithm
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Constrained algorithm
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Kinematic algorithm
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Kinematic + constrained
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T H E   A P P L I C A T I O N
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Kinematic ZPD results

Golfo Aranci – Livorno: Mega Express Two
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Kinematic ZPD results
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Kinematic ZPD results

SEMIKA: Observation data (input)

• GNSS satellite orbit information from IGS 

• EUREF station observations from BKG 

• high precision coordinates of Livorno reference station (LIVO) 

• ZPD information of EUREF station observations

• LIVO observations 

• moving platform observations (MEII)

• GNSS Antenna information
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Kinematic ZPD results
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Kinematic ZPD results

Comparision of kinematic ZPD with static ZPD results
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Kinematic ZPD results
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Kinematic ZPD results

Comparision of kinematic ZPD with static ZPD results
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Kinematic ZPD results
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Kinematic ZPD results

Comparision of kinematic ZPD with static ZPD results
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Kinematic ZPD results

Comparision of kinematic ZPD with static ZPD results
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Kinematic ZPD results



27GSA – 23.10.2013

Kinematic ZPD results

Comparision of kinematic ZPD with static ZPD results
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Conclusions

● Based on previous experiences in the Baltic Sea, an 
improved retrieval algorithm for GNSS-based 
tropospheric path delay estimation was developed.

● An initial verification study pin-points at a precision 
around 2 kg/m² (IWV) or 1,25 cm (path delay) in
kinematic mode.

● Data sets for MEGA EXPRESS II processed so far 
show a good agreement at sites co-located with 
reference station Livorno.


