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The precise estimation of satellite orbits and clocks by IGS has increased the attraction of Precise 
Point Positioning over the last years. An open topic has been the precise estimation of receiver 
and satellite phase and code biases which are required to maintain the integer nature of ambi-
guities. 

Traditionally, the Melbourne-Wübbena combination and the ionosphere-free phase-only combi-
nations are used for the estimation of satellite-satellite single difference phase biases. This ap-
proach enables an unbiased resolution of the integer ambiguities but suffers from the fact that 
the bias estimates are only applicable to geometry-preserving, ionosphere-free narrowlane com-
binations. 

In this talk, a general measurement model is considered which assumes individual code and car-
rier phase biases on each frequency, receiver and satellite. A Kalman filter with sequential ambi-
guity resolution and integer decorrelation is used for the estimation of these biases from a net-
work of reference stations. The estimation method implies some parameter mappings that are 
explained in details. The method is validated with simulated Galileo measurements and with real 
data from the CORS and SAPOS networks. The benefit of integer ambiguity resolution, the 
benefit of measurements on a third frequency and the achievable bias accuracies and stabilities 
are shown. 

The talk also addresses the joint estimation of the vertical ionospheric grid and of the receiver/ 
satellite code biases. A least-squares fitting is used to estimate the grid point delays from the 
slant delays of the surrounding pierce points. 

The precise bias estimates improve the reliability of integer ambiguity resolution for Precise Point 
Positioning. The robustness over residual orbital errors and satellite clock offsets can be further 
increased by geometry-preserving, ionosphere-free linear code carrier combinations of maximum 
ambiguity discrimination. 

 


