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Abstract 

Satellite based augmentation is a concernment means to improve the service ability of 
GNSS. With the development of LEO constellation, to utilize these satellites to enhance the 
navigation performance emerges as the times require. In this paper, the effects of 
introducing GEO satellites and LEO satellites are researched, which will provide reference 
for system design. 
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1. Introduction 

With the development of Global Navigation Satellite System (GNSS),the signals design is more 

reasonable, the anti-jamming ability is more powerful, and the position accuracy is more excellent. 

Due to the restrictions on obit altitude and satellite’s ability, the thinking of enhancing the own ability 

of GNSS satellites is difficult to achieve. [1]The satellite based augmentation systemis attracting more 

and more attentions and widely used during the past years. The traditional augmentation is based on 

geosynchronous earth orbit (GEO) satellites. There are two typical methods to enhance GNSS, which 

are differential information enhancement such as OminiSTAR and StarFire, and integrityinformation 

enhancement such as wide area augmentation system (WAAS), European geostationary navigation 

overlay service (EGNOS), GPS Aided Geo Augmented Navigation(GAGAN), and etc.[2]To utilize 

the LEO satellites to enhance the navigation performance emerges as the times require with the 

development oflow earth orbit(LEO) constellation.In this paper, the GEO satellites and LEO satellites 

will be introduced, and then the simulation of geometric dilution of precision (GDOP) will be realized. 

Through the research, the design reference for navigation enhancement will be provided. 

2. Factors Affecting Positioning Accuracy 

The position accuracy lies on the measuring accuracy of observation quantity and the value GDOP for 

visible satellites. The position accuracy will be expressed by: 

δ=UERE×GDOP                                                                  (1) 

Here, the position accuracy is δ, the measuring accuracy of observation quantity is UERE, which 

include the errors of satellites, the errors of signal propagation and the errors of user receivers. 

Satellites errors include ephemeris error and clock error. Ephemeris error refers to the deviation 

between the position given by ephemeris and the actual position which mainly depends on the number 

and distribution of tracking stations, the number and accuracy of observation values, the parameter 

injection frequency, and etc. Satellite clock error is caused by frequency offset and frequency drift, 

which could be reduced by polynomial fitting. The signal propagation errors mainly include 
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ionospheric refraction, tropospheric refraction and multipath propagation, which could be modified by 

models or be corrected by the dual-frequency observations. Receiver errors mainly include antenna 

phase center accuracy, code or carrier measuring accuracy, and etc. 

Besides measuring accuracy of observation quantity, the precision of satellite position system mainly 

depends on the number of satellites and GDOP. In general, the smaller the GDOP is, the higher the 

position accuracy is. However, it is necessary to consider the situation that the satellite signal can‘t be 

received because of the influence of buildings and so on. In this paper, the improvement of positioning 

accuracy by introducing GEO and LEO nodes is analyzed. 

3. Simulation and Analysis of Introducing Enhanced Nodes 

3.1 Simulation Condition 

According to the current status of GNSS constellation, the preliminary simulation mode is established. 

The medium orbit constellation is set up as Walker（24，3）constellation, with the obit altitude of 

22000 kilometers, the orbit inclination angle of 55°, and the beam width of ±13 degrees. The auxiliary 

GEO satellites are set up at 60°W,115°W and 114°W longitude, with the  obit altitude of 35786 

kilometers, and the beam width of ±10 degrees. The auxiliary LEO constellation is set up as （144，

12）constellation, with the  obit altitude of 35786 kilometers, the orbit inclination angle of 60°, and the 

beam width of ±60 degrees. The ground receivers are located at 75.595° W longitude, and latitude 

increases from 0° to 75° every 15 degrees. The beam width is ±90 degrees. 

3.2 Simulation Results 

According the simulation, the GDOP values of separated MEO constellation, MEO constellation 

enhanced by GEO satellites, and MEO constellation enhanced by LEO constellation are calculated 

respectively. The results are shown in Fig. 1, Fig.2 and Fig. 3. 

   
(a)Receiver in latitude 0° (Average GDOP is 1.68.) 

  
(b) Receiver in latitude 15° (Average GDOP is 1.75.) 
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(c)Receiver in latitude 30° (Average GDOP is 1.81.) 

  
(d) Receiver in latitude 45° (Average GDOP is 1.81.) 

 
(e)Receiver in latitude 60° (Average GDOP is 1.67.) 

  
(f) Receiver in latitude 75° (Average GDOP is 1.84.) 

Fig.1 GDOP values of separated MEO constellation 
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(a)Receiver in latitude 0° (Average GDOP is 1.46.) 

  
(b) Receiver in latitude 15° (Average GDOP is 1.48.) 

  

  
(c)Receiver in latitude 30° (Average GDOP is 1.57.) 

  
(d) Receiver in latitude 45° (Average GDOP is 1.57.) 
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(e)Receiver in latitude 60° (Average GDOP is 1.39.) 

  
(f) Receiver in latitude 75° (Average GDOP is 1.45.) 

Fig.2 GDOP values of MEO constellation enhanced by GEO satellites 

 
(a)Receiver in latitude 0° (Average GDOP is 1.19.) 

  
(b) Receiver in latitude 15° (Average GDOP is 1.16.) 
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(c)Receiver in latitude 30° (Average GDOP is 1.06.) 

  
(d) Receiver in latitude 45° (Average GDOP is 1.03.) 

 
(e)Receiver in latitude 60° (Average GDOP is 1.01.) 

  
(f) Receiver in latitude 75° (Average GDOP is 1.18.) 

Fig.3 GDOP values of MEO constellation enhanced by LEO constellation 

3.3 Simulation Analysis 

The simulation results indicate that the GDOP will be improved by GEO enhanced satellites and LEO 

enhanced constellation. The GDOP will be improved more than 12% by introducing GEO satellites as 
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shown in table 1. The GDOP will be improved more than 29% by introducing LEO constellation as 

shown in table 2.  

Table 1. GDOP values of MEO constellation enhanced by GEO satellites 

The latitude of 

receiver 

Separated MEO 

constellation 

MEO constellation enhanced by 

GEO satellites 

Improvement 

percent 

0°  1.675038 1.46392 12.6% 

15°  1.750411 1.475014 15.7% 

30°  1.819471 1.574242 13.5% 

45°  1.810849 1.565879 13.5% 

60°  1.668526 1.392791 16.5% 

75°  1.837651 1.446662 21.3% 

Table 2. GDOP values of MEO constellation enhanced by LEO constellation 

The latitude of 

receiver 

Separated MEO 

constellation 

MEO constellation enhanced by LEO 

constellation 

Improvement 

percent 

0°  1.675038 1.187657 29.1% 

15°  1.750411 1.162159 33.6% 

30°  1.819471 1.061578 41.7% 

45°  1.810849 1.026008 43.3% 

60°  1.668526 1.009926 39.5% 

75°  1.837651 1.178934 35.8% 

4. Conclusion 

Based on the analysis of factors affecting positioning accuracy, the GDOP is important to position. In 

this paper, the improvement of positioning accuracy by introducing GEO and LEO nodes is analyzed. 

The simulation indicates that the GDOP will be improved by GEO enhanced satellites and LEO 

enhanced constellation.  
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