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SUMMARY  
Precise Point Positioning (PPP) with GPS has attracted the attention of many researchers over 
the past decade. Recently, the Russian GLONASS system has been modernized and restored 
to near full constellation status, which made it attractive to positioning and navigation users. 
Having two healthy systems, namely GPS and GLONASS at present, allows for the 
integration of both constellations. This in turn promises to improve the availability, 
positioning accuracy, and reliability of the PPP solution. 
 
This study investigates the effect of combining GPS and GLONASS dual-frequency 
measurements on the static PPP solution and its sensitivity to different processing strategies. 
Many data sets from IGS tracking stations distributed across North America were processed 
using the Bernese GPS 5.0 software package. It is shown that the addition of GLONASS 
constellation improves the number of visible satellites and geometry (PDOP) by more than 
60% and 30%, respectively. Statistical analysis of PPP results shows that the performance of 
the combined GPS/GLONASS solution is superior to that of GPS-only solution. However, the 
improvement in the final daily (i.e., with 24 hours of observations) solution is not significant.  
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1. INTRODUCTION 
GPS was officially declared to have achieved full operational capability (FOC) on July 17, 
1995, ensuring the availability of at least 24 operational, non-experimental, GPS satellites. To 
meet the future requirements, the GPS decision makers have studied several options to 
adequately modify the signal structure and system architecture of the future GPS 
constellation. The modernization program aims to, among other things, provide signal 
redundancy and improve positioning accuracy, signal availability, and system integrity (El-
Rabbany 2006 ). Unfortunately, even with the modernized system, there exist situations where 
the GPS signal may be partially obstructed, e.g. in urban canyons, which in turn affect the 
availability and reliability of the PPP solution. 
 
To improve the availability, positioning accuracy and reliability of the PPP solution, we 
propose to combine the GPS and GLONASS constellations. GLONASS has been gradually 
replenished since 2002 and has reached a total of 22 operational modernized satellites at 
present (Defraigne and Baire 2010; Springer and Dach 2010). In addition, Russia is planning 
to include eight different Code Division Multiple Access (CDMA) signals, along with its 
existing Frequency Division Multiple Access (FDMA) transmissions.  
 
This paper investigates the effect of combining GPS and GLONASS dual-frequency 
measurements on the static PPP solution and its sensitivity to different processing strategies. 
Many data sets from IGS tracking stations distributed across North America were processed 
using the Bernese GPS 5.0 software package. It is shown that the addition of GLONASS 
constellation improves the number of visible satellites and geometry (PDOP) by more than 
60% and 30%, respectively. Statistical analysis of PPP results shows that the performance of 
the combined GPS/GLONASS solution is superior to that of GPS-only solution. However, the 
improvement in the final daily (i.e., with 24 hours of observations) solution is not significant. 
 
2. SYSTEM AVAIALBILY 
To verify the improvement in the system’s availability, we used the GSSF simulation 
software to generate the global coverage and PDOP maps for the GPS and the combined 
GPS/GLONASS constellations, respectively, on November 9, 2010. As can be seen through 
the satellite coverage map (Figure 1), the addition of GLONASS constellation improved the 
global coverage by more than 60%. In addition, it improved the satellite geometry by 30% to 
60% and eliminated dead zones (Figure2).  
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Figure 1. Satellite coverage map for November 9, 2010. 

 

 
Figure 2. PDOP map for November 9, 2010. 

 

3. MODELING AND PROCESSING OF COMBINED GPS/GLONASS PPP  
To examine the feasibility of combining GPS and GLONASS observations for PPP, we used 
the Bernese 5.0 software package, developed at the Astronomical Institute at the University of 
Bern (AIUB), to process GNSS observations from both systems. Bernese Processing Engine 
(BPE) tool was used to modify an existing automated GPS data processing control file (PCF) 
and to build a new automated PCF for combined GPS/GLONASS observations (Habrich 
1999; Dach, Hugentobler et al. 2007). Common errors and biased were taken into account, 
including the relativistic effect, phase center variation (PCV), solar radiation pressure for both 
GPS and GLONASS satellites (see Kouba 2009 for details). 
 
Data sets from five International GNSS Service (IGS) tracking stations across North America 
(Figure 3) were acquired for November 9, 2010. Precise orbits and clocks corrections were 
obtained from the European Space Agency (ESA) to satisfy the compatibility conditions of 
orbit and clock corrections. Differential code bias (DCB) and ocean loading corrections were 
downloaded from the Center for Orbit Determination in Europe (CODE) and the Onsala 
Space Observatory (OSO) websites, respectively. 
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Figure 3. Selected IGS stations 

 
4. COMBINED GPS/GLONASS PPP RESULTS 
4.1 Estimation of system time difference 
The estimation of system time-difference between GPS and GLONASS is an essential step for 
the combined GPS/GLONASS standalone solution. Unfortunately, because there are no 
available calibrated values for the hardware delay of GLONASS receivers, the inter-system 
hardware delay will be included in the estimated time difference (Habrich 1999; Cai and Gao 
2007). In the sequel, we will refer to the biased system time difference by TDGG. 
 
To verify the short-time stability of TDGG estimation, the combined GPS/GLONASS 
processing control file was used to estimate TDGG values every hour, for the five selected 
stations, over the 24 hours under consideration.  Figure 4 shows the hourly estimation of 
TDGG at the selected IGS stations over 24 hours. As can be seen, the estimated hourly values 
of TDGG agree to within 10 ns, except for station SCH2. For stations with same 
receiver/antenna brand (Table 1), the system time difference values agree to within 5 ns. 
However, discrepancies of up to 130 ns in the values of TDGG occurred between stations 
with different receiver/antenna configuration, which reflect the contribution of hardware 
delay.  
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Figure 4. Hourly estimates of system time-difference, for November 9, 2010. 

 
 
Table 1: Receiver/antenna types at selected stations 
Station NANO HNPT DUBO WHIT SCH2 
Receiver LEICA GRX1200GGPRO TPS NETG3 

Antenna LEIAT504GG LEIAX1202GG AOAD/M_T ASH701945E_M 

 
 
4.2 PPP results and analysis 
As indicated earlier, data sets from five IGS reference stations (Figure 3) were processed 
using the Bernese software. The obtained results show that there is a significant improvement 
in the convergence and repeatability of the combined solution, especially in the first 
observation hour. Figures 4 and 5 show the PPP solution convergence, final solution accuracy 
and repeatability results are presented for station NANO as an example. Similar results were 
obtained for the other stations. 
 
As can be seen in Figures 4 and 5, positioning accuracy of 3 cm can be achieved with only 30 
minutes of observations for the combined GPS/GLONASS solution, while it requires about 3 
hours for the GPS-only solution to achieve the same accuracy level.  However, the two 
solutions become comparable after 6 hours. 
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Figure 4. Positioning solution convergence for station NANO, first 60 minutes of the day 
under consideration. 

 
Figure 5. Positioning solution convergence for station NANO, 24 hours. 
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To examine the repeatability of the combined GPS/ GLONASS solution, positioning errors 
were estimated every hour over the 24 hours under consideration. Figure 6 shows the hourly 
positioning error for both of GPS-only and combined GPS/GLONASS solutions. As can be 
seen, the combined solution has better repeatability in 75% of cases. 

 
Figure 6. PPP solution repeatability for station NANO with 1 hour observations. 

 
CONCLUSIONS  
This study investigated the performance of dual-frequency GPS/GLONASS PPP solution.  It 
has been shown that the addition of GLONASS constellation improved the satellite 
availability and geometry by more than 30%. This allows for precise surveying in urban areas 
or when the satellite signal is partially obstructed. In addition, the performance of the 
combined GPS/GLONASS PPP solution was found to be superior to that of GPS-only 
solution. While a few centimetre-level accuracy can be achieved within 30 minutes with 
combined GPS/GLONASS PPP solution, it requires about 3 hours with GPS-only solution.   
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