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Abstract— The design of computer program for 
satellite visibility time computation for the case of 
highly eccentric elliptical orbit is presented.  
Specifically, the algorithm for the computer 
program is presented along with some sample 
numerical examples using Molniya 1-36 satellite 
as the case study. The algorithm enables the 
computation of the visibility time of the sample 
satellite when there are different values of 
minimum elevation angles. Also, the computation 
was conducted for different instantaneous values 
of the orbital eccentricity and orbital altitudes. The 
results show that by considering minimum 
elevation angle range of 0° to 15° and using the 
mean orbital eccentricity of 0.72625 and mean 
orbital altitude of 20194.6 km, the visibility time is 
highest with a value of 10.989 hours at 0° 
minimum elevation angle and the visibility time is 
lowest at a value of 9.157 hours at 15° minimum 
elevation angle. Also, the linear relationship 
between the minimum elevation angle and the 
visibility time was also derived. Furthermore, the 
other results from the study shows that 
instantaneous values of eccentricity and orbital 
altitude do affect the visibility time.  
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1.  INTRODUCTION 
Today, wireless communication have technologies have 
become part of our daily life [1,2,3,4,5,6,7,8,9,10,11,12]. 
Importantly, satellite communications which is a major 
component of wireless communication system has enable 
diverse form of global communications. Today, internet of 
things, wireless sensor applications, smart cities, smart 
homes, and many different smart technologies rely heavily 
of diverse wireless technologies 
[13,14,15,16,17,18,19,20,21,22,23]. In any case, when 
global coverage or wider portions of the earth needs to be 
covered, satellite communication technologies is key. With 
the geostationary satellites, the ability to cover a specific 
region depends on the location of the cite relative to the 
equator [24,25,26,27,28]. However, the use of highly 

eccentric elliptical orbit has be employed to address that 
limitation of the geo-satellites [29,30,31,32,33]. 
Importantly, as wireless communication technologies 
advances timely access and analysis of the various 
parameters of the wireless communication systems 
becomes paramount. As such in this study, the algorithm 
for analysing the visibility time of elliptical orbits with high 
values of orbital eccentricity is examined. The study 
presented the mathematical expressions and the algorithm 
for a computer program that can be used to analyse the 
visibility time of the Molniya 1-36 satellite [34,35] under 
different minimum elevation angle and different 
instantaneous orbital parameters. The details of the Molniya 
1-36 satellite is also presented and the numerical 
computation examples based on the case study Molniya 
satellite are s presented.  
 
2.  METHODOLOGY 
 
The eccentricity (e) and orbital period ( T௢ ) of highly 
eccentric elliptical orbit is required to compute the visibility 
time (∆t௏ு), as follows [36,37]; 
 

𝑀ሺ𝑒ሻ ൌ 2 ቆtanିଵ ቆට
ሺଵି௘ሻ

ሺଵା௘ሻ
ቇቇ െ ൬𝑒 ቀඥሺ1 െ 𝑒ଶሻቁ൰    (1) 

∆t௏ு ൌ ቀ1 െ ெሺ௘ሻ

஠
ቁ T௢    (2) 

 
Where 𝑀ሺ𝑒ሻ  is the mean anomaly of the orbit with the 
given eccentricity, e. According to [38], with a limit of 
elevation angle (𝜀௠௜௡) above the horizon visibility time will 
be reduced by a factor denoted as 𝑓௠௜௡  which can be 
determined as; 

𝑓௠௜௡=1 െ ଶ

஠
ሺ𝜀௠௜௡ሻ  (3) 

Hence; 
∆t௏ுோ ൑ ∆t௏ுሺ𝑓௠௜௡ሻ   (4) 

∆t௏ுோ ൑ ሺ𝑓௠௜௡ሻ ቀ1 െ ெሺ௘ሻ

஠
ቁ T௢  (5) 

 
In the situation where T௢ is not given, it can be computed as 
follows; 

𝑇௢  ൌ 2πට௔య

ఓ
   (6) 

Where 𝜇  = 398600 𝐾𝑚ଷ/𝑠ଶ,  a denotes orbital semi-major 
axis which is defined in terms of radius of periapsis (𝑅௣) 
and radius of apoapsis (𝑅௔) as follows; 
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𝑎 ൌ  
ோೌା ோ೛

ଶ
      (7) 

The visibility time in minutes ( ∆t௏ுோ_௠௜௡ ) and hours 
(∆t௏ுோ_௛௥) are computed as follows; 

∆t௏ுோ_௠௜௡ ൌ   ∆୲ೇಹೃ 

଺଴
  (8) 

∆t௏ுோ_௛௥ ൌ   ∆୲ೇಹೃ 

ଷ଺଴଴
  (9) 

The visibility time can be computed using the algorithm 
given below. 

 

 

Algorithm for Computing Satellite Visibility Time for the case of Highly Eccentric Elliptical Orbit 

1. Define 𝛍  ൌ 398600         // unit 𝐊𝐦𝟑

𝐬𝟐  

2. Input 𝑹𝒑,  𝑹𝒂   // Radius  of periapsis and apoapsis, unit Km 

3. Input   𝐞       // eccentricity, no unit 
4. Input   𝜺𝒎𝒊𝒏   // Minimum elevation angle,   unit radian 
5. Compute mean anomaly  

𝑴ሺ𝒆ሻ ൌ 𝟐 ቆ𝐭𝐚𝐧ି𝟏 ቆට
ሺ𝟏ି𝒆ሻ

ሺ𝟏ା𝒆ሻ
ቇቇ െ ൬𝒆 ቀඥሺ𝟏 െ 𝒆𝟐ሻቁ൰  // unit, radian 

6. Compute  𝐚 ൌ
𝑹𝒂ା 𝑹𝒑

𝟐
    // unit, Km 

7. Compute  𝑇௢  ൌ 2πට௔య

ఓ
      // Orbital period, unit, seconds 

8. Compute       ∆t௏ௌ ൌ ቀ1 െ ெሺ௘ሻ

஠
ቁ T௢ // Visibility time without restriction on elevation angle, unit, seconds 

9. Compute  𝑓௠௜௡=1 െ
ଶ

஠
ሺ𝜀௠௜௡ሻ   // Unit , Radian 

10. Compute  ∆t௏ௌ ൌ  ሺ𝑓௠௜௡ሻ ቀ1 െ ெሺ௘ሻ

஠
ቁ T௢ // Visibility time with restriction of minimum of  

𝜀௠௜௡ elevation angle, unit, seconds 

11. Compute  ∆t௏ுோ_௠௜௡ ൌ   ∆୲ೇೄ 

଺଴
   // Visibility in minutes 

12. Compute  ∆t௏ுோ_௛௥ ൌ   
∆୲ೇೄ 

ଷ଺଴଴
   // Visibility in hours 

13. Output   𝒆 , 𝑹𝒑,  𝑹𝒂, 𝜀௠௜௡,  ∆t௏ௌ, t௏ுோ_௠௜௡, ∆t௏ுோ_௛௥ 

14. End 

Note, if the orbital period, T௢ is given, then 𝑅௣ and  𝑅௔ are 
not required. In this case, in step 2, Input 𝑅௣,  𝑅௔  will be 
replaced with Input T௢   while step 6 and step 7 will be 
omitted. 
3.  THE CASE STUDY SATELLITE: MOLNIYA 1-36 
The case study highly eccentric orbit satellite is MOLNIYA 
1-36. The launch details and orbital parameters of 
MOLNIYA 1-36  satellite is given in Table 1.The orbital 
view of the MOLNIYA 1-36   as simulated by 

https://celestrak.com/ online tool is shown in Figure 1. The 
graph plot of changes in orbital mean altitude with time is 
shown in Figure 2, the graph plot of changes in orbital 
inclination with time is shown in Figure 3 and the graph 
plot of changes in orbital mean altitude with time is shown 
in Figure 4. The graph of Figure 2, Figure 3 and Figure 4 
are based on MOLNIYA 1-36 tracking data obtained from 
March 2019 to March 2022. 

 
Table 1  Launch details and orbital parameters of MOLNIYA 1-36 satellite 

Launched 24 March 1977 
Category Molniya 

Launch site Plesetsk Missile and Space Complex, Russia 
Owner Commonwealth of Independent States (former USSR) 

NORAD ID 9880
COSPAR ID 1977-021A 

Current orbital elements Parameter Value 
Inclination, 63.288° 
Eccentricity, 0.72625 

RA ascending node, 18.753 hr 
Argument perihelion, 289.477° 

Mean anomaly, 9.694° 
Orbital period, 718.188 min 

Epoch of osculation, 17 Mar 2022m, 05:06 
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Table 2 The values of the eccentricity and orbital altitude for the MOLNIYA 1-36 satellite at the four selected points in Figure 
5 along with the mean eccentricity and mean orbital attitude. 

Point Eccentricity, Orbital Altitude

A 0.74800 20160.0 

B 0.74700 20216.0 

C 0.75000 20184.0 

D 0.73100 20214.0 

Mean 0.72625 20194.6 
 

4. RESULTS AND DISCUSSION 
The results of the visibility time for Molniya 1-36 satellite 
using the mean orbital eccentricity of 0.72625 and mean 
orbital altitude of 20194.6 km  for minimum elevation 
angle ሺ𝜀௠௜௡ሻ ranging from 0° to 15° are given in Table 3 
and Figure 6. The results in table 3 and Figure 6 show that 
by using the mean orbital eccentricity of 0.72625 and mean 
orbital altitude of 20194.6 km , the visibility time is highest 
with a value of 10.989 hours at 0° minimum elevation angle 
and the visibility time is lowest at a value of 9.157 hours at 
15° minimum elevation angle 
 From the graph plot in Figure 6, the linear relationship 
between the visibility time of Molniya 1-36 satellite and the 
𝜀௠௜௡ is given by trend line analysis as follows; 

 
Visibility time hr)= -0.1221(εmin°) + 10.989  (8) 

The results of the visibility time for Molniya 1-36 satellite 
using the mean orbital eccentricity and  orbital altitude four 
selected points along with the mean eccentricity and mean 
orbital attitude for minimum elevation angle ሺ𝜀௠௜௡ሻ ranging 

of 0°   are given in Table 4 and Figure 7. The results in 
Table 3 and Figure 7 show that point B with eccentricity of 
0.74700 and orbital altitude of 20216.0 km has the highest 
visibility time of 666.5381  minutes  and  highest  orbital 
period  of  719.3478 minutes.  On  the  other  hand,  point A 
with eccentricity of 0.74800  and orbital altitude of 20160.0 
km has the lowest orbital period  of 20160.0 minutes and  is 
the third in the visibility time (ranking from highest) with a 
value of 664.7371 minutes. Furthermore, the mean values 
with eccentricity of 0.72625 and orbital altitude of 20194.6 
km has the lowest visibility time of 659.3155 minutes and 
is the third in the orbital period (ranking from highest) with 
a value of 718.4797 minutes.  In all, the results obtained 
from the study show that the orbital elements values do 
change with time in the course of the orbital motion of the 
satellites and the changes do affect the instantaneous values 
of the derived parameters. Also, placing a limit to the 
minimum elevation angle for the satellite do also reduce the 
visibility time of the satellite.  

 

Table 3 The results of the visibility time for Molniya 1-36 satellite using the mean orbital eccentricity of 0.72625 and mean 
orbital altitude of 20194.6 km  for minimum elevation angle ሺ𝜀௠௜௡ሻ ranging from 0° to 15° 

Minimum  
elevation angle,  

εmin  (°) 

Orbital Period, To 
(min)  

Mean Anomaly, 
M€ radian  

Reduction factor 
(fmin) 

Molniya 1‐36  
visibility time in 

sec 

Molniya 1‐36  
visibility time in 

hour 

0  718.4797  0.258699  1  39558.93  10.989 

2  718.4797  0.258699  0.977778  38679.84  10.744 

5  718.4797  0.258699  0.944444  37361.21  10.378 

10  718.4797  0.258699  0.888889  35163.49  9.768 

15  718.4797  0.258699  0.833333  32965.77  9.157 
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Figure 6 The graph of visibility time for Molniya 1-36 satellite versus minimum elevation angle ሺ𝜀௠௜௡ሻ using the mean orbital 

eccentricity of 0.72625 and mean orbital altitude of 20194.6 km   
 

Table 4 The results of the visibility time for Molniya 1-36 satellite using the mean orbital eccentricity and  orbital altitude four 
selected points along with the mean eccentricity and mean orbital attitude for minimum elevation angle ሺ𝜀௠௜௡ሻ ranging of 0°    

Point   Eccentricity, e 
Orbital 

Altitude, h  
(km) 

Orbital Period, 
To (min)  

Molniya 
visibility time, 

tv (min) 

Normalised 
Orbital Period, To 

(min)  

Normalised 
visibility time, tv 

(min)  

A  0.74800  20160.0  717.0768  664.7371  99.80  100.82 

B  0.74700  20216.0  719.3478  666.5381  100.12  101.10 

C  0.75000  20184.0  718.0498  666.2448  99.94  101.05 

D  0.73100  20214.0  719.2666  661.5273  100.11  100.34 

Mean  0.72625  20194.6  718.4797  659.3155  100.00  100.00 

 

 
Figure 7 The bar chart of the normalised orbital period and normalised visibility time time for Molniya 1-36 satellite using the 

mean orbital eccentricity and  orbital altitude four selected points along with the mean eccentricity and mean 
orbital attitude for minimum elevation angle ሺ𝜀௠௜௡ሻ ranging of 0°    
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5.  CONCLUSION 
The algorithm for a program for computing the visibility 
time for orbits that has high eccentricity and is elliptical in 
shape is presented. In order to demonstrate the applicability 
of the algorithm, some sample numerical examples were 
presented using Molniya 1-36 satellite as the case study. 
The algorithm enables the computation of the visibility time 
of the sample satellite when there are different values of 
minimum elevation angles. Also, the computation was 
conducted for different instantaneous values of the orbital 
eccentricity and orbital altitudes.  
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