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1. Introduction

3a. Estimation of the WL UPDs

4. Stability of the biases

This presentation deals with the research project PPP-Serve, which aimed
at the development of appropriate algorithms for real-time PPP with
special emphasis on the SD-ambiguity resolution. We will discuss the
process and obstacles of calculating the uncalibrated wide-lane and
narrow-lane phase-delays and investigate the achieved standard deviation
of the parameter estimation and their temporal stability in further
consequence. Finally we will discuss the coordinate convergence period
and coordinate quality achieved at the rover site.

For the estimation of the SD WL UPDs the Melbourne-Wübbena (MW) combination is
used. To smooth the MW combination the mean value is estimated. This calculation
is performed for every satellite at every station of the whole network. One typical
example is given in Fig. 2, where the red line indicates the zero difference ZD raw MW
observation in cycles, the blue one the mean value plus standard deviation in cycles
and the black one the elevation angle in degrees. The mean values of the MW
observations are rather stable and the variation (standard deviation) is smaller than
0.3 cycles in most of the cases. This indicates, that based on MW observations, a
reliable estimation of the SD WL UPDs is possible.
In a next step the WL UPDs observed at the stations are combined within a Kalman
filter. An example is given in Fig. 3. The colored lines indicate the SD WL UPDs
observed at the stations and the thick black solid line marks the estimated SD WL
UPD. As visible the UPDs observed at the different stations show a very good
agreement and are very stable.

The stability of the WL and NL biases has been investigated by processing one whole week
of observations. Fig. 6 shows a typical example, the stability of the SD WL UPD for the
satellites 5, 21 and 26 with respect to the reference satellite 12. The estimated SD WL UPDs
are very stable, not only for the time they are observed (usually once per day) they are also
stable over much longer periods (the whole week we investigated).
Fig. 7 shows the stability of the corresponding SD NL. The NL UPDs are very stable during
the time they are observed (once per day), but contrary to the SD WL UPDs they are not
stable over longer periods. Those differences are probably caused by remaining errors in the
orbits and satellite clocks and errors introduced by the mapping function.
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3. Estimation of the WL and NL UPDs
By means of PPP Post we processed
one week of recent observation
data of a European network (Fig. 1)
to recover wide-lane and narrowlane biases. PPP post is based on
the concept of a real-time software.
This means that the observations
are read in and processed epoch by
epoch.

For the estimation of the UPDs
the following external data
sources were used:
• IGS Orbits and Clocks
• DCBs from CODE
• Weekly solution of the station
coordinates from EUREF
• Satellite/Receiver antenna phase
center corrections IGS08.atx



Fig. 6: Stability of SD WL UPD 9-10

Fig. 7: Stability of SD NL UPD 12-4

5. Application of the SD WL and NL UPDs
Fig. 2: MW Combination for PRN 01

Fig. 3: SD WL UPD PRN: 1-17

The following two figures present a comparison between a standard PPP float solution (Fig.
8) and a PPP fixed solution (Fig. 9), using the UPD-data by TU Vienna. Both solutions were
produced with the PPP client which was developed by the TU-Graz.
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3b. Estimation of the NL UPDs
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The NL UPDs are estimated according to the scheme given in section 2. In order to
test the quality of our SD PPP solution we compared our estimated ZTD values with
the values which are estimated within the routine operations of the EUREF network.
In Fig. 4 one example is given. The blue line indicates the ZTD estimate of our SD PPP
solution, the red one the corresponding EUREF solution. After a short initialization
time the differences between our SD PPP solution and the EUREF solution are in the
range of a few centimeters only.
Fig. 5 shows an example of the estimated SD NL UPDs. The colored lines indicate the
SD NL UPDs observed at the stations and the thick black solid line marks the
estimated SD NL UPD. As it can be seen the SD NL UPDs observed at the different
stations are in the range of only a few tenths of a cycle. The SD NL UPDs are very
stable for each of the satellite pairs. So a continuous estimate of the UPDs is possible
and no time-dependent change has to be considered in order to provide high quality
biases.

Variation in NEU Coordinates [m]

Within the context of the project PPP-Serve we developed the post
processing software PPP Post which is based on an approach of [GE 2008],
where un-differenced ambiguities are decomposed into wide-lane WL and
narrow-lane NL ones. Thereby a satellite-to-satellite (single) difference is
used to eliminate the receiver-dependent calibration biases. Within a
network of reference stations the wide-lane phase biases are determined
from averaging the fractional parts of all wide-lane-estimates using the
Melbourne-Wübbena combination of the measurements. The estimation
of the NL UPDs is based on a SD PPP solution and requires the following
steps to be performed:
1. The estimation of the SD IF float ambiguities together with the ZTDs .
2. Fixing the SD WL ambiguities using the estimated SD WL UPDs .
3. Getting the SD NL UPDs by subtracting the fixed SD WL ambiguities
from the SD IF float ambiguities.
4. Combining the NL UPDs observed within a Kalman filter.

Variation in NEU Coordinates [m]

2. Concept
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Fig. 8: PPP float solution of GRAZ
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Fig. 9: PPP fixed solution of GRAZ

As soon as the 4th narrow-lane ambiguity value is fixed to an integer – in this case in Figure
9 this happens after 30-40 minutes – the horizontal position solution stays extremely stable
in the surrounding of ±2 cm of the reference coordinates. In contrast to common float PPP
solution the east-component is as accurate as the north-component – this arises from the
fact, that now the ambiguities are no unknowns anymore. The time to fix the ambiguities
strongly depends on the quality of UPDs as well as on the satellite constellation.

6. Conclusion
In context of PPPserve a server and rover side software for the estimation and application of
WL and NL UPDs has been developed. By applying the UPDs, it is possible to fix integer
values for the ambiguities at the rover side, which leads to shorter convergence times and
an improvement of the position accuracy.

Fig. 1: European network

Fig. 4: Comparison of ZTDs at station CAEN

Fig. 5: SD NL UPD PRN: 1-23
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