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Abstract— In this paper, determination of visibility 
time for geodesic satellites orbiting the earth on 
circular orbit subject to minimum zenith angle 
restriction is presented. The visibility time analytical 
expression is derived with respect to orbital altitude or 
orbital height of the satellite along with minimum 
zenith angle restriction.  The numerical examples are 
presented with respect to three geodetic satellites, 
namely; LAGEOS-1, JASON 3 and TANDEM X. The 
orbital altitude of TanDEM-X satellite is 508.41 km 
which is the lowest among the three satellites. Notably, 
the orbital altitude of the Lageos-1 satellite is about 
11.6 times that of the TanDEM-X satellite while that of 
Jason-3 satellite is about 2.6 times the altitude of the 
TanDEM-X satellite.  The results show that among the 
three geodesic satellites considered, TanDEM-X 
satellite with the lowest altitude has the lowest visibility 
time. Also, with minimum zenith angle restriction value 
of 0°, the Lageos-1 satellite has the maximum visibility 
time of 73.5 minutes along with the highest visibility 
angle of 58.7°. The visibility time and visibility angle of 
the Lageos-1 satellite drop to 51.1 minutes and 40.8° at 
minimum zenith angle restriction value of 20°. The 
analytical models that relates the visibility time of each 
of the satellites with the minimum zenith angle 
restriction are also derived. In all, the results show that 
the higher the orbital altitude, the higher the visibility 
time of the satellite. Also, the minimum zenith angle 
restriction significantly affect the visibility time of the 
satellite; notably, the visibility time decreases as the 
value of minimum zenith angle restriction increases. 
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1.  Introduction 
Geodesy is a science with major focus on measurement 
and establishment of clear understanding of the basic earth 
properties, namely; the earth geometry, the earth 
gravitational rotation, the gravity and the geoid [1,2, 3,4, 
5,6, 7,8, 9,10, 11]. Such measurements in many cases 
involve the use of satellites which can be referred to as 
geodetic satellites [12,13, 14, 15, 16, 17, 18, 19,20]. In this 
paper, the geodetic satellites considered are LAGEOS-1, 
JASON 3 and TANDEM X satellites [21, 22, 23, 24, 25, 
26, 27, 28].  
In any case, in order to be used for data capture on any 
given earth location, the satellite must be visible from that 
earth location. As such, satellite visibility determination is 
essential for its application on geodetic measurements 
[29,30, 31,32, 33,34]. The visibility time computation is 
used to determine the amount of time that the satellite is 
visible from earth [35, 36, 37, 38, 39, 40]. The visibility 
time is usually a fraction of the satellite’s orbital period. 
Again, the visibility time determination depends on the 
nature or shape of the satellite orbit. For highly eccentric 
orbit, the eccentricity pays significant role in the 
determination of the visibility time [41,42,43,44,45]. 
However, for circular or near circular orbits with very low 
eccentricity values, the orbital altitude has much influence 
in the value of the visibility time [46,47].  
Notably, the three satellites considered in this paper are of 
circular orbit with eccentricity in the range of 0.00451
 to 0.00014 [48]. Accordingly, the analytical 
expressions for computing visibility time of circular orbits 
are applied. The analytical expression are derived with 
respect to the orbital altitude of the satellites. In addition, 
the visibility time of satellites are affected by restriction on 
the minimum zenith angle. Accordingly, in the analysis, 
the models used also accounted for the minimum zenith 
angle restriction. In all, the study in this paper presented 
the requisite parameters of the case study geodetic 
satellites and the analytical models for the visibility time 
along with numerical computations based on the case 
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3. Results and Discussion 
The visibility time analysis is conducted using the data on 
orbital altitude of the case study satellites as presented in 
Table 2. The results of the visibility time computations for 
the LAGEOS-1 satellite are shown in Table 3, the results 
for JASON-3 satellites are shown in Table 4 and the 
results for TanDEM-X  satellites are shown in Table 5.  
The results show that with minimum zenith angle 
restriction value of 0°, the Lageos-1 satellite has the 
maximum visibility time of 73.5 minutes along with the 
highest visibility angle of 58.7°. The visibility time  and 
visibility  angle of the Lageos-1 satellite drop to 51.1  
minutes and 40.8° at minimum zenith angle restriction 
value of 20°. The analytical model that relates the 
visibility time of Lageos-1 satellite with the minimum 
zenith angle restriction in degree is given as; 

Lageos-1 Δtv = 0.0068φ2 - 1.2552φ + 73.497 
 (25) 

Similar models for the Jason-3 and TanDEM-X satellites 
are given as; 
Jason-3 Δtv = 0.0073φ2 - 0.6196φ + 21.386  (26) 
TanDEM-X = 0.0086φ2 - 0.5033φ + 11.657  (27) 

Among the three geodesic satellites considered, TanDEM-
X satellite with the lowest altitude has the lowest visibility 
time. However, while the ratio of the orbital altitude of the 
Lageos-1 satellite to the altitude of the TanDEM-X 
satellite is about 11.6 and that of Jason-3 altitude to 
TanDEM-X altitude is about 2.6, the ratio of the visibility 
time varies with the minimum zenith angle restriction, as 
shown in Table 6 and Figure 8.  For the Lageos-1 satellite, 
the ratio of the visibility time to that of the TanDEM-X 
satellite ranges from 6.3 at minimum zenith angle of 0º to 
10.2 at minimum zenith angle of 20°. Also, for the Jason-3 
satellite, the ratio of the visibility time to that of the 
TanDEM-X satellite ranges from 1.8  at minimum zenith 
angle of 0º to 2.4 at minimum zenith angle of 20°.   
In all, the results show that the higher the orbital altitude, 
the higher the visibility time of the satellite. Also, the 
minimum zenith angle restriction significantly affect the 
visibility time of the satellite; notably, the visibility time 
decreases as the value of minimum zenith angle restriction 
increases. 

 

Table 3 The results of the visibility time computations for the LAGEOS-1 satellite 

Satellite 
Orbital  

altitude, h 
(km) 

Minimal 
Zenith Angle 
Restriction , 
φ(degree) 

Orbital 
Period , 

To (Min) 

Visibility 
Time, 
Δtv 

(min)

Ratio of 
To/Δtv 

Visibility 
Angle , 

Δtv 
(degree)

Percentage change in 
visibility angle (%) 

LAGEOS-1 5893.03 0.0 225.5 73.5 0.326 58.7 0.0 

LAGEOS-1  5893.03 2.0 225.5 71.0 0.315 56.7 -3.4 

LAGEOS-1  5893.03 4.0 225.5 68.6 0.304 54.8 -6.7 

LAGEOS-1  5893.03 6.0 225.5 66.2 0.294 52.9 -9.9 

LAGEOS-1  5893.03 8.0 225.5 63.9 0.283 51.0 -13.1 

LAGEOS-1  5893.03 10.0 225.5 61.6 0.273 49.2 -16.1 

LAGEOS-1  5893.03 12.0 225.5 59.4 0.264 47.4 -19.2 

LAGEOS-1  5893.03 14.0 225.5 57.3 0.254 45.7 -22.1 

LAGEOS-1  5893.03 16.0 225.5 55.1 0.245 44.0 -25.0 

LAGEOS-1  5893.03 18.0 225.5 53.1 0.235 42.4 -27.8 

LAGEOS-1  5893.03 20.0 225.5 51.1 0.226 40.8 -30.5 

 
Table 4 The results of the visibility time computations for the JASON-3 satellite 

Satellite  
Orbital  

altitude, h 
(km)   

Minimal 
Zenith Angle 
Restriction , 
φ(degree) 

Orbital 
Period , 

To (Min) 

Visibility 
Time, Δtv 

(min) 

Ratio 
of 

To/Δtv  

Visibility 
Angle , Δtv 

(degree) 

Percentage change in 
visibility angle (%) 

JASON-3 1337.71 0.0 112.4 21.4 0.190 34.2 0.0 

JASON-3 1337.71 2.0 112.4 20.2 0.179 32.3 -5.7 

JASON-3 1337.71 4.0 112.4 19.0 0.169 30.5 -11.1 

JASON-3 1337.71 6.0 112.4 17.9 0.159 28.7 -16.2 

JASON-3 1337.71 8.0 112.4 16.9 0.150 27.1 -21.0 

JASON-3 1337.71 10.0 112.4 15.9 0.142 25.5 -25.5 

JASON-3 1337.71 12.0 112.4 15.0 0.134 24.0 -29.8 

JASON-3 1337.71 14.0 112.4 14.2 0.126 22.7 -33.8 

JASON-3 1337.71 16.0 112.4 13.4 0.119 21.4 -37.6 
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JASON-3 1337.71 18.0 112.4 12.6 0.112 20.2 -41.1 

JASON-3 1337.71 20.0 112.4 11.9 0.106 19.0 -44.4 

 
Table 5 The results of the visibility time computations for the TanDEM-X satellite 

Satellite  
Orbital  

altitude, h 
(km)   

Minimal 
Zenith Angle 
Restriction , 
φ(degree) 

Orbital 
Period , 

To (Min) 

Visibility 
Time, Δtv 

(min) 

Ratio 
of Δtv / 

To 

Visibility 
Angle , Δtv 

(degree) 

Percentage change in 
visibility angle (%) 

TanDEM-X 508.41 0.0 94.8 11.7 0.123 22.2 0.0 

TanDEM-X 508.41 2.0 94.8 10.7 0.112 20.2 -8.6 

TanDEM-X 508.41 4.0 94.8 9.7 0.103 18.5 -16.5 

TanDEM-X 508.41 6.0 94.8 8.9 0.094 16.9 -23.7 

TanDEM-X 508.41 8.0 94.8 8.2 0.086 15.5 -30.1 

TanDEM-X 508.41 10.0 94.8 7.5 0.079 14.2 -35.9 

TanDEM-X 508.41 12.0 94.8 6.9 0.073 13.1 -41.1 

TanDEM-X 508.41 14.0 94.8 6.3 0.067 12.0 -45.8 

TanDEM-X 508.41 16.0 94.8 5.8 0.062 11.1 -49.9 

TanDEM-X 508.41 18.0 94.8 5.4 0.057 10.3 -53.7 

TanDEM-X 508.41 20.0 94.8 5.0 0.053 9.5 -57.1 

 
 

 
Figure 5 The graph of visibility time versus minimum zenith angle restriction for the three geodesic satellites 

Lageos‐1	Δtv =	0.0068φ2 ‐ 1.2552φ +	73.497
R²	=	1

Jason‐3	Δtv =	0.0073φ2 ‐ 0.6196φ +	21.386
R²	=	0.9999

TanDEM‐X	=	0.0086φ2 ‐ 0.5033φ +	11.657
R²	=	0.99970
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Figure 6 The graph of ration of visibility time to orbital period  versus minimum zenith angle restriction for the three geodesic 

satellites 
 

 
Figure 7  The graph of visibility angle versus minimum zenith angle restriction for the three geodesic satellites 

 
Table 6 The ratio of the visibility time and ratio of orbital altitude with respect to that of the TanDEM-X satellite 

Ratio of the visibility time of 
Lageos-1 satellite to the 

visibility time of the TanDEM-
X satellite 

Ratio of the visibility time of 
Jason-3 satellite to the 

visibility time of the TanDEM-
X satellite 

Ratio of the orbital altitude of 
Lageos-1 satellite to the 

altitude of the TanDEM-X 
satellite 

Ratio of the orbital altitude of 
Jason-3 satellite to the altitude 

of the TanDEM-X satellite 

6.3 1.8 11.6 2.6 
6.6 1.9 11.6 2.6 
7.1 2.0 11.6 2.6 
7.4 2.0 11.6 2.6 
7.8 2.1 11.6 2.6 
8.2 2.1 11.6 2.6 
8.6 2.2 11.6 2.6 
9.1 2.3 11.6 2.6 
9.5 2.3 11.6 2.6 
9.8 2.3 11.6 2.6 

10.2 2.4 11.6 2.6 
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Figure 8   The graph of ratio of the visibility time and ratio of orbital altitude as function of minimum zenith angle restriction 

4.  Conclusion 
The visibility time of geodesic satellites is studied. The 
study presented the analytical expressions that are used in 
the computation of the orbital period as well as the 
visibility angle and the visibility time subject to certain 
minimum zenith angle. Three case study geodesic satellites 
were used in the numerical examples and the results 
showed that the higher the orbital altitude, the higher the 
visibility time of the satellite. Also, the minimum zenith 
angle restriction significantly affect the visibility time of 
the satellite; notably, the visibility time decreases as the 
value of minimum zenith angle restriction increases. 
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