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OF GLONASS CONSTELLATION

Liu Hui      Zhang Qishan
Beijing University of Aeronautics and Astronautics

ABSTRACT

The coverage characteristics of the GLONASS constellation is analyzed. The almanac
data of GLONASS navigation message are used in the computation according to the
operation of the satellites. The ground traces of the GLONASS satellites are plotted. And
the probability of visible satellite number is calculated under different latitude conditions.
The results are analyzed to give descriptions of the GLONASS constellation. And they
are compared with those of GPS's. The conclusion is verified that GLONASS
constellation provides better coverage at high latitude.
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INTRODUCTION

Russian GLONASS navigation satellite system is very similar to GPS. The GLONASS
system can provide the same positioning capability as GPS. But because GLONASS
doesn’t adopt Selective Availability the civil precision of GLONASS is much better.
Combined GLONASS and GPS use has the advantages of better accuracy, availability,
and integrity and attracts much attention of the International Civil Aviation Organization.

The GLONASS constellation also consists of 24 satellites that provide continuous
coverage on the surface of the earth. The satellites are placed in three near-circular orbits
at a height of 19,100km, with 8 satellites equally spaced in each orbit.

The operation of a satellite in its orbit can be described by its basic orbit elements such as
major semi-axis, eccentricity, true anomaly, right ascension, orbit inclination and etc. In
GLONASS navigation message immediate and non-immediate components are used to
describe the moving of the GLONASS satellites. They are both in the form of orbit
elements of the GLONASS satellites. The difference is that the immediate message (or
ephemeris) is relatively precise and is used in receiver positioning, while the non-



immediate message (or almanac) is coarse description of GLONASS satellites and is
usually used in the prediction of the satellites' operation.

In this paper, the almanac data of GLONASS satellites are utilized to analyze the
coverage characteristics of the GLONASS constellation. And the results are compared
with those of GPS's to give an evaluation of the coverage features of the two systems.

DETERMINATION OF THE SATELLITE POSITION

The almanac data chosen are from the net (provided by 3S Navigation Corporation). The
data on March 4, 1996 are selected because all the GLONASS satellites were operating
well at that time. The content of the almanac data is shown in table 1. The meaning of the
parameters is:

- alm: the ordinal number of the GLONASS satellite;
-  p: the orbit number of the satellite;
- day: the calendar day number since last leap year;
- st: the health status of the satellite;
- ET(s): the first ascending time during the day;

The following parameters are referenced to ET:

- EL(°): the longitude of the first ascension;
- T(s): the period of the satellites in its orbit;
- incl(°): the orbital inclination;
- perigee(°): the perigee of the satellite orbit;
- ecc: the eccentricity of the satellite orbit.

With above almanac parameters, the satellites' positions can be determined referenced to
the moment ET. The mean motion of the satellite (n) is calculated from T and major
semi-axis a is from n. The mean anomaly of the ascending node is determined from
perigee and is used to calculate the mean anomaly of the satellite. The eccentric anomaly
E and true anomaly θ of the satellite are determined accordingly. With θ , a and ecc
specified, the satellite's radius vector r is obtained. Then the satellite's three dimensional
coordinates under orbital axis system So (r,0,0) are determined. In the calculation the orbit
drift caused by the eccentricity of the earth and the attractions of the moon and the sun
are taken into account for better prediction.

THE GROUND TRACES OF THE GLONASS SATELLITES

The ground trace is the collection of the satellite's substellar points. The substellar point
can be described by its geographic longitude and latitude. When the earth is



approximated as a standard spheoid, geographic longitude and latitude are the same as the
geocentric longitude ϕ and latitude λ, which are determined by the satellite coordinates
under the geocentric equatorial rotating axis system Se (xe, ye, ze):
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 The Se can be transformed from the So by the relation
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where ω is the corrected perigee of the orbit, i is the inclination, and λB is the ascending
longitude of the satellite at the computation moment. λB is calculated from EL and the
rotation rate of the earth. With the above method we obtain the ground traces of the
GLONASS satellites. The computation is referenced to the ascending time of the number
1 satellite (whose alm is equal to 1). The results are shown in Figure 1(a).

THE VISIBILITY OF THE GLONASS SATELLILTES

The visibility of a satellite relative to the ground observer point P is judged by its
elevation angle θE, which is specified by the satellite's coordinates under observer axis
system Sp according to the relation:
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where ρρ ( ρxP, ρyP, ρzP)is the vector from P to the satellite. The coordinates of point P in
Se can be expressed by[1]:
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where RP is the earth radius at P point, HP, ϕP, λP and ϕdP are respectively the geographic
height, latitude, longitude and geocentric latitude of P point. ϕdP and RP can be
approximated by[1]:

pPdP f ϕϕϕ 2sin+=                                                       (5)
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where f is the eccentricity and RE the major semi-axis of the earth. With the geographic
coordinates of the P point known, (xeP, yeP, zeP) can be calculated.



Suppose rP is the geocentric vector of P, ρρ is the vector from P to the satellite, we have

Prr −=ρ                                                                 (7)
If the components of the three vectors in  equation (7) are expressed in Se, equation (7)
can be written as:
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The transformation relation of SP and Se is[1]:
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So the component array of ρρ in SP is:
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Then the θE of the satellite can be determined according to equation (3). If θM is the
masking angle, then the visibility of a satellite referenced to ground observer can be
specified as:

         visible  if    θM<θE<90°
         invisible                 if  -90°<θE<θM

And the larger the θE, the better the visibility. Table 2 gives the results of the visibility
statistics according to the almanac at 100 equally spaced points during 24 hours. The
masking angle is taken as 10°. Four latitudes of 0°, 35°, 55° and 90° are considered.

DISCUSSION

Ground traces: the computation shows that the latitudes of the substellar points of
GLONASS satellites vary from -65.08° to 65.08°. The two traces in Figure 1 are for the
number 1 and number 4 satellites in orbit 1. They exhibit long standing time in high
latitude area and relatively short standing time in low latitude area, which means
GLONASS satellites give better coverage at high latitude than medium and low latitude.
Comparing the results with those of GPS satellites' shown in Figure 1(b)[2], we can see
GPS ground traces stay longer at low and medium latitude while shorter at high latitude.
Besides, the GPS traces are constrained within (-60°, 60°). Obviously GPS has better
coverage in low latitude area.



Visibility: The statistical results in table 2 are expressed in the form of histogram as
shown in Figure 2. Table 2 and Figure 2 show that at 10° masking angle

- The ground observers can see at least 4 GLONASS satellites at all time.
- Most of the time the observers can see at least 5 satellites. Only at 35° latitude, at

a small quantity of time with the probability of 0.15% the users see more than 4
satellites.

- The visible number of the GLONASS satellites increases with the rising of the
latitude. For example, the observers can see more than 7 satellites 60.29% of the
time at 35° latitude, 98.08% of the time at 55°, and 100% of the time at 90°
latitude.

Figure 3 shows the GPS visibility statistical results at 10° masking angle given by
J.J.Spilker[2]. The computational condition is the same as that of GLONASS. Comparing
the two results, we can see that:

- At 0° latitude, observers can see at least 7 satellites 90-95% of the time in GPS
case and 75% of the time in GLONASS case. And 40% of the time the observer
can see 9 GPS satellites and 35% of the time can see 9 GPS satellites, which is
much better than GLONASS case. GPS visibility is better than GLONASS at this
latitude.

- At 35° latitude, the visibility of GPS and GLONASS case is similar.
- At 55° latitude, observers can see at least 7 satellites 95% of the time in

GLONASS case, while 55-60% in GLONASS case. And more than half time
observer can see 8 GLONASS satellites. So the visibility of GLONASS is
obviously better than GLONASS.

- At 90° latitude, observers can see more than 9 GLONASS satellites with about
50% of the time. But they see more than 9 satellites with 15-20% of the time.
Most of the time the observer can see at least 8 or 9 GLONASS satellites.
GLONASS visibility at this latitude is much better than GPS.

CONCLUSION

From the ground traces and visibility analysis of the above section it can be seen that
GLONASS constellation has good coverage on the earth. And it has better coverage at
high latitude. So from the coverage point of view GLONASS is more suitable to be used
by high-latitude nations (such as Russia, Canada, and Australia) and polar areas. This is
mainly due to orbit inclination of the two systems (GLONASS has an inclination of 64.8°
and GPS satellites’ inclination is 55°). Combined use of GPS and GLONASS will benefit
the user of dual coverage.
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Table 1 GLONASS almanc data on March 4 1996

                    alm     perigee      EL         ecc      incl        ET         day        chn    T         p st
1 -155.97 -75.26 0.00063 65.08 11076.47 64 23 40543.93 1     OK
2 -166.26 -95.50 0.00058 65.09 15888.06 64 5 40543.86 1     OK
3 -169.76 -116.84 0.00286 65.02 21009.62 64 21 40543.86 1     OK
4 -52.70 -138.32 0.00030 65.00 26148.03 64 12 40543.96 1     OK
5 -81.79 -167.59 0.00090 65.13 33256.06 64 23 40544.56 1     OK
6 -34.96 179.71 0.00131 65.01 36196.16 64 13 40543.92 1     OK
7 -174.40 -32.08 0.00094 65.11 708.94 64 21 40543.91 1     OK
8 17.87 -51.37 0.00171 65.08 5356.44 64 2 40543.54 1     OK
9 167.50 52.22 0.00064 64.82 9166.44 64 6 40544.12 2     OK
10 165.70 31.04 0.00177 64.84 14251.72 64 9 40544.10 2     OK
11 158.91 9.95 0.00374 64.84 19298.97 64 4 40544.04 2     OK
12 123.98 -11.45 0.00093 64.78 24454.41 64 22 40544.11 2     OK
13 -25.18 -32.53 0.00175 64.84 29447.53 64 6 40544.12 2     OK
14 54.40 -53.50 0.00030 64.77 34522.81 64 9 40544.05 2     OK
15 155.43 -74.51 0.00190 64.83 39512.69 64 4 40543.98 2     OK
16 2.03 73.58 0.00153 64.77 4113.50 64 22 40544.06 2     OK
17 153.78 179.58 0.00039 64.71 7440.72 64 24 40544.02 3     OK
18 38.72 158.15 0.00136 64.69 12570.62 64 10 40544.11 3     OK
19 -167.67 137.32 0.00102 64.72 17623.75 64 3 40544.02 3     OK
20 -160.96 116.24 0.00031 64.72 22664.12 64 1 40543.99 3     OK
21 -14.05 93.75 0.00083 64.83 27900.00 64 24 40544.09 3     OK
22 -9.03 73.59 0.00067 64.71 32872.94 64 10 40544.18 3     OK
23 -159.65 52.57 0.00267 64.70 37836.34 64 3 40543.99 3     OK
24 -40.94 -159.41 0.00033 64.82 2323.06 64 1 40543.97 3     OK

Table 2 Visibility statistical data of GLONASS satellites

number 4 5 6 7 8 9 10 11
Probability (%),    M=10°

Mean
number

0° 0 1.4235 23.5283 62.6136 11.6815 0.6612 0.0918 0 6.8690
35° .1469 7.3435 32.2196 19.5337 35.6159 4.9569 0.1836 0 6.9870
55° 0 0 1.9160 24.8124 55.8199 16.8130 0.6387 0 7.8945

la
ti

tu
de

90° 0 0 0 1.6509 48.1132 46.6981 3.5377 0 8.5212
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Figure 1(a) Ground traces of Number 1 and 4 GLONASS satellites in orbit 1
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 Figure1 (b)  Ground traces of two GPS satellites
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Figure 2. Visibility statistics of  GLONASS constellation
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Figure 3  Visibility statistics of GPS constellation


