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The multitude of applications for GPS/GLONASS systems both for many scientific tasks, and in applied research 

has grown considerably during last year. The experience of application of these systems has been gained also in the field of 
space research. Usage of satellite navigation systems can change the methods of the calculations of position and speed of 
the spacecraft at orbit and definition of its orientation in space. The application of radionavigation systems can increase 
significantly the accuracy of timing and navigational measurements in space, that in turn opens a new prospects for the 
accomplishment of scientific physical experiments. 

The method of the realization of the new space experiment «Resonance», which is in preparation by Russian Space 
Agency, requires achieving the accuracy of the measurements of time onboard the spacecraft up to a value of the order of 
10-6 seconds. Use of the GPS/GLONASS capabilities seems to be very tempting in this case. 

GPS/GLONASS systems were developed for applications at the surface of the Earth and for small altitudes above 
it. The space part of «Resonance» project will have on orbits with an altitude up to 30000 km, which excludes the standard 
applications of radio navigational systems. 

The application GPS/GLONASS technologies for high elliptical orbit space crafts should be preceded by the 
analysis of the ballistic circuit of space experiment for the investigation of geometrical and power conditions for the 
onboard reception of signals from the GPS/GLONASS satellites. 

For the success of the experiment the visibility of GPS/GLONASS satellites to the spacecraft-consumer is a very 
important factor. A GPS/GLONASS satellite could be considered as a visible, if the line of sight from the satellite-
consumer to GPS/GLONASS satellites is not obstructed by the Earth, the line of sight from a GPS/GLONASS antenna 
onboard of the satellite-consumer to the GPS satellite is not obstructed by other components of the satellite-consumer, the 
received signal power level as well as the signal-to-noise ratio are sufficient for the receiver to track it down, and the 
Doppler shift limits of the receiver are provided. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.1. Modeled Relative Antenna Attenuation of the GPS Transmitting Antennas 
 

The main direction of the radiation of GPS satellites is the center of the Earth. With the altitude of the GPS 
satellites and the radius surface of the Earth, the half angle under which the Earth is seen can be calculated as 13.85º.  



Due to the antenna directivity, the signal level in direction of the center of the Earth is the highest to be received. 
The larger is the angle with respect to this direction; the lower will be the signal strength. Thus, signals passing the Earth at 
low distances are stronger of those, which will reach the “Resonance” spacecraft at the other side of Earth. We performed 
an exact simulation of the transmitter antenna radiation pattern and the main results are described below. 

For the purpose of computing the received signal power levels the GPS transmitter antenna radiation pattern was 
approximated by a cubic splines in the domain up to 58º from the center of radiation (Fig. 1). For angles between 44º and 
58º, a relative mean attenuation of -21dB is assumed, for angles >58º we assumed an infinite attenuation. As one could see 
from Figure 1, signals emitted from the side lobes can be received at the positions with small separation from a GPS 
satellite and a high elevation. 

For construction of the model of visibility the following algorithm was used. Orbits of “Resonance” spacecraft and 
GPS/GLONASS satellites were advanced with a step of 10 minutes. At each point of “Resonance” orbit the number of 
GPS/GLONASS satellites seen by the  “Resonance receiver” have been calculated. Calculations have been done both for 
the separate, and for shared GPS and GLONASS systems, and also in each of these cases for the reception of a signal only 
from the main beam and from the main beam and the first side lobe of the radiation pattern of transmitting antenna. 

We also calculated the average, minimal and maximal number of GPS/GLONASS satellites seen by “Resonance” 
averaged for 100 of its orbital periods (fig.2 and fig.3). 
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Fig.2 Number of satellites GPS/GLONASS seen without taking into account a signal from the first side lobe. 
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Fig.3 Number of satellites GPS/GLONASS seen with taking into account a signal from the first side lobe. 
 

Diagrams showing the average number of the GPS and GLONASS satellites, seen from the “Resonance” orbit the 
averaging was done for 100 orbital periods of spacecraft. 



The problem of the adapting of GPS/GLONASS radio-navigating technologies to the highly elliptical orbits is 
analyzed now in Space Research Institute of RAS. In the context of this work the following problems are already solved: 

 
1. IBM PC software for the determination of the conditions of signal transmitter visibility have been 

elaborated for the regions of high-apogee orbits, sufficient for the determination of the orbit 
parameters; 

 
2. The analysis of the results of our modeling for the conditions of visibility shows that the possibility of 

the consistent signal reception from 4 and more GPS/GLONASS transmitters using main and first side 
lobes of transmitting antennas could met during the intervals of time sufficient to obtain the ballistic 
state vector in several points of the receiver's orbit; 

 
3. Two ways for the construction of radionavigation system were found (The former is the transmission 

the state vector obtained onboard the satellite to the Earth for further use and the latter is development 
of the autonomous closed navigation system based on the onboard processor resources). 

 
At present time the work is carried out for the calculation of a limiting reception range of the signal at different 

orbits and the analysis of the existing and perspective onboard GPS/GLONASS receivers suitable for the stringent 
conditions of a space flights. 
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