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Abstract: The availability of GNSS raw measurements from mass-market smart devices with An-
droid operator system opens the door to more advanced GNSS positioning techniques for high-pre-
cision location-based services. For the purpose of improving the positioning accuracy of smart de-
vices, real-time un-differenced precise positioning with Android GNSS raw measurement is investi-
gated in this paper. First, the basic characters of the Android GNSS measurements are analyzed.
Following this, a real-time un-differenced precise positioning method with Android GNSS raw
measurements is implemented, and a real-time precise point positioning (PPP) software called PP-
PAnd is developed based on the Android platform. Finally, the real-time positioning performance
is validated with real data. Numerical results show that the RMS (root mean square) value of real-
time single point positioning errors with Android raw GNSS measurement is 1. 16m and 1. 51m in
the horizontal and vertical components, respectively; compared with the PVT (Position Velocity

and Time) solutions of Android device, the improvements of accuracy are 70% for the horizontal
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component and 76 % for the vertical component. For real-time precise point positioning in static

mode, the positioning accuracies (RMS) in the horizontal and vertical components are 0. 62m and

0. 66m, respectively, with an improvement of 88% and 82% for the corresponding component

compared with the PVT solutions. In addition, the required convergence time for the accuracy

level of 1. 0m is about 8min, and once it converged the positioning accuracy of static PPP can reach

to sub-meter level. For the vehicle-based real-time kinematic precise point positioning in urban en-

vironment, the positioning accuracies are 1.32m in the horizontal component and 0. 81m in the

vertical component and the corresponding improvement of positioning accuracy relative to the PVT

solutions is 39% and 65% , respectively.

Key words: Android smart devices; Multi-Global Navigation Satellite System (Multi-GNSS) ; Un-

differenced precise positioning; Real-time precise point positioning(PPP)
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elevation (b) for GPS satellites of Nex9 in static scenario
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Fig. 7 Time series of the positioning errors of

real-time single point positioning in static scenario
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