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Abstract— In this paper, determination of orbital 
longitude drift and characterization of the operating 
mean orbital longitude for a geostationary satellites is 
presented. Specifically, the MOLNIYA 1-S satellite with 
Norad catalogue number of 7392 was used as the case 
study satellite. The study determined the orbital 
longitude drift of the satellite from five different 
longitude datasets that were captured on different time 
of the day between 15th of July 2022 and 23rd of  July 
2022. The results showed that the orbital longitude drift 
was - 0.26467 °/day.  The orbital longitude drift 
obtained in this paper compared very well with the 
value of 0.261°W  degrees per day,  which was published 
on http://www.satellite-calculations.com/  for the date 
2022-07-15. In addition, a linear model was developed 
for predicting the effective population mean longitude 
for assessing the sample mean at any given date from 
the first data capture date. In all, it was found that due 
to the continues drift in the orbital longitude, a single 
value population mean is not good enough for assessing 
the sample mean of different datasets captured on 
different times. 
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1. Introduction 

Over the years, satellite applications has evolved and has 
become the bedrock of global communications, earth 
resource monitoring, geodesic processes, global 
positioning, military operations, world wide web, Internet 
of Things applications, among others [1,2, 3,4, 5,6, 7,8, 9, 
10 ].  Application of satellites in all these areas requires 
accurate tracking of the satellites are they move in their 
orbits [11,12,13,14,15,16,17]. As such, proper 
determination of the orbital location of the satellites at any 

epoch is essential for satellite applications [18,19, 20,21, 
22, 23, 24].  
Notably, the geosynchronous (GEO) satellite, otherwise 
known as geostationary satellites are presumably fix at a 
given location at the equation and at a fixed longitude 
[25,26,27,28,29,30, 31, 32]. However, studies have shown 
that the GEO satellites do drift at certain rate with respect to 
their orbital longitude and latitude specifications [31,32, 
33,34, 35,36, 37,38, 39,40, 41,42, 43, 44, 45]. The drift 
causes hourly and diurnal variations in the instantaneous 
orbital slot longitude and latitude of the satellites.  As such, 
some online satellite tracking tool specify the hourly orbital 
location of the satellite along with the current drift value at 
any epoch. The drift parameter enables researchers to 
accurately determine the orbital slot parameters at any other 
epoch without recourse to the lengthy computation of the 
orbital slot from the Two Line Element (TLE) dataset 
[46,47,48,49,50].  
Consequently, in this paper, the approach for the 
determination of the orbital drift and model for estimating 
the future orbital longitude of GEO satellite based on the 
current and historical satellite tracking dataset is presented. 
The t-test statistic is used to evaluate the orbital longitude 
dataset and also to evaluate the accuracy of the predicted 
future mean orbital longitude obtained from this paper 
[51,52,53,54,55]. The idea presented in this paper will help 
researchers to evaluate satellite prediction tool datasets and 
also learn how to effectively characterize the variations in 
the orbital slot longitude of GEO satellites. 

2.  Methodology 
The case study satellites is MOLNIYA 1-S satellite with 
Norad catalogue number of 7392. The data driven analysis 
is based on the five datasets of 170 hours orbital longitude 
datasets of the case study satellite. The datasets were 
obtained from the online satellite tracking tool located at 
http://www.satellite-calculations.com/. The five datasets 
(shown in Figure 1 and Table 1) were captured on different 
time of the day between 15th of July 2022 and 23rd of  July 
2022.  
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Figure 1  The graph of the satellite longitude versus time offset in hours for the five datasets of the orbital longitude of the 

cased study satellite 
 

Table 1 The summary of the five longitude datasets captured for the case study satellite 

 

Dataset 1 
captured  on 

7/15/2022 7:59 

Dataset 2 
captured  on 

7/18/2022 14:32 

Dataset 3 
captured  on 

7/22/2022 7:55 

Dataset 4 
captured  on 

7/23/2022 2:48 

Dataset 5  
captured  on 

7/23/2022 4:07 

Minimum 
Longitude (°)  76.595  75.802  74.747  74.509  74.503 

Maximum 
Longitude (°)  78.689  77.908  76.85  76.584  76.585 

Range of 
Longitude (°)  2.094  2.106  2.103  2.075  2.082 

Mean Longitude 
(°) denoted as 

𝑀𝐿𝑜𝑛𝑔ሺሻ where 

k = 1,2,3,4,5 

77.59398246  76.73331579  75.74108772  75.53330409  75.51822222 

 
The data  capture  time  is  first  splits  into  day,  hour  and 
minutes, as shown in column 2, 3 and 4 of Table 2. Then, 
the  data  capture  time  is  expressed  in  days,  as  shown  in 
column 5 of Table 2.  Particularly, let 𝑇𝑑𝑑𝑎𝑦ሺሻ denote the 

data capture time in day for dataset k, where k = 1,2,3,4,5 
and 𝑇𝑑ℎ𝑚 ሺሻ denote the data capture time in day (𝑑𝑦ሺሻ), 

hour (ℎ𝑟ሺሻ) and minutes (𝑀𝑛ሺሻ), then, 

𝑇𝑑𝑑𝑎𝑦ሺሻ  ൌ 𝑑𝑦ሺሻ  
ሺೖሻ

ଶସ
 

ெሺೖሻ

ଶସ∗
     (1) 

In terms of the columns in Table 3, 𝑇𝑑𝑑𝑎𝑦ሺሻ ൌ column 5,  
𝑑𝑦ሺሻ = Column 2  , ℎ𝑟ሺሻ =Column 3 and 𝑀𝑛ሺሻ =Column 4  

Hence;  

𝑻𝒅𝒅𝒂𝒚ሺ𝑲ሻ ൌ 𝐂𝐨𝐥𝐮𝐦𝐧 𝟓 ൌ  𝑪𝒐𝒍𝒖𝒎𝒏 𝟐   𝑪𝒐𝒍𝒖𝒎𝒏 𝟑

ଶସ


 𝑪𝒐𝒍𝒖𝒎𝒏 𝟒

ଶସ∗
     (2) 

In Table 2, the first data capture was used as the starting 
point. Hence, the time interval between data capture started 
at 7/15/2022 7:59  (which is equivalent to 15.33263889 
days).  Hence,  data  capture  in  this  case  started  at  the 
15.33263889  day.  The  next  data  capture  was 
at18.60555556 day which gave time interval between data 
capture  times  of  3.272916667  days.  This  approach  was 
used  to  determine  the  rest  of  the  time  interval  between 
data capture times for the rest of the datasets. Specifically, 
if the time interval between data capture times in days for 
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dataset k is denoted as 𝑇𝐼𝑛𝑡𝑣ሺሻ where k  = 1,2,3,4,5, then, 

accordingly,  
 𝑇𝐼𝑛𝑡𝑣ሺଵሻ = 15.33263889  (3) 

𝑇𝐼𝑛𝑡𝑣ሺሻ =𝑇𝑑𝑑𝑎𝑦ሺሻ െ  𝑇𝐼𝑛𝑡𝑣ሺଵሻ  (4) 
 

Table 2 The detail for the computation of time interval between data capture times in days 

Date and time of data 
capture  

Data capture time in day, hour and 
minutes  Data capture time in days 

Time interval between 
data capture times in 

days 

  

Day 
[𝑑𝑦ሺሻሿ 

Hour 
[ℎ𝑟ሺሻ] 

Minutes 
[𝑀𝑛ሺሻ ] 

Time in days [𝑇𝑑𝑑𝑎𝑦ሺሻ] 
Time interval between 
data capture   (days) 

[𝑇𝐼𝑛𝑡𝑣ሺሻሿ 

1  2  3  4  5  6 

Formulas used       
(Column 2 ) + (Column 3 
/24 ) + (Column 4 /(24 

*60)) 

Column 5 ‐ 
15.33263889 

7/15/2022 7:59 15 7 59  15.33263889  0 

7/18/2022 14:32 18 14 32  18.60555556  3.272916667 

7/22/2022 7:55 22 7 55  22.32986111  6.997222222 

7/23/2022 2:48 23 2 48  23.11666667  7.784027778 

7/23/2022 4:07 23 4 7  23.17152778  7.838888889 

 
Again,  the  mean of the first dataset was used as the 
reference mean value for modelling the longitudinal drift. 
Hence, a linear model used is given as; 

Mean Longitude (°) = (M) (𝑇𝐼𝑛𝑡𝑣ሺሻ) + 77.59398 
 (5) 

Where M is the slope of the line and it represents the 
Longitude Drift in degrees/day while 𝑇𝐼𝑛𝑡𝑣ሺሻ is the time 

interval between data capture with unit as day.  
3.   Results and discussion 
The  results  obtained  for  the  time  interval  between  data 
capture  times  (days)  and  the mean  Longitude    based  on 

the five online datasets are given  in Table 3 and Figure 2. 
From the results, the orbital longitude drift at this time is ‐ 
0.26467 °/day. In essence, the mean longitude is reducing 
at    ‐  0.26467    degrees  per  day.  Also,  the  negative  value 
means  that  the  drift  is  westward.  Hence,  ‐  0.26467  
degrees  per  day    means  0.26467  west.  The  value  of  the 
orbital longitude drift obtained from http://www.satellite‐
calculations.com/Satellite/Catalog/catalogID.php?7392  on 
2022-07-15 is 0.261°W [degrees per day]. 

 

 
Table 3 The time interval between data capture times (days) and the mean longitude (°)  for the five datasets of the case 

study satellite 
Time interval between data 

capture times (days) 
𝑇𝐼𝑛𝑡𝑣ሺሻ 

Mean Longitude (°)  from 
online datasets 

𝑀𝐿𝑜𝑛𝑔ሺሻ 

0  77.59398 

3.272916667  76.73332 

6.997222222  75.74109 

7.784027778  75.5333 

7.838888889  75.51822 
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Figure 2 The graph plot of the time interval between data capture times (days) and the mean longitude (°)  for the five 

datasets of the case study satellite 
 

With  the  orbital  longitude  drift  determined  as    ‐
0.26467 degrees per day,  the operating mean orbital 
longitude  for  the  satellite  can be predicted using  the 
expression;  

Mean Orbital Longitude (°) = -0.26467(𝑇𝐼𝑛𝑡𝑣ሺሻ)) + 
77.59398   (6) 

The results of the predicted operating mean orbital 
longitude are given in Table 4.  

 
 

Table  4  The predicted operating mean orbital longitude 

Date and time of 
data capture  

Time interval 
between data 
capture   (days) 

Actual mean 
longitude (°)  from 
online datasets 

Predicted  mean 
longitude (°)   

Prediction 
Error (°) 

7/15/2022 7:59  0  77.59398  77.59398  0 

7/18/2022 14:32  3.272916667  76.73332  76.72773  0.005586114 

7/22/2022 7:55  6.997222222  75.74109  75.74202  ‐0.000928225 

7/23/2022 2:48  7.784027778  75.5333  75.53377  ‐0.000473615 

7/23/2022 4:07  7.838888889  75.51822  75.51925  ‐0.00103347 

         RMSE  0.002582969 
 

The t-test analysis of the first dataset and the second dataset 
based on the common population mean longitude of 77.59° 
are shown in Figure 3 and Figure 4 respectively. Again, the 
summary of the t-test analysis results for the five datasets 
based on the common population mean longitude of 77.59° 

are shown in Table 5 and Figure 5. The results in Table 5 
show that only the first dataset has sample mean that 
conforms with the population mean.  

 

Mean	Longitude	(°)	=	‐0.26467(TINV(k))	+	77.59398		
R²	=	1
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Figure 3 The t-test analysis of the first dataset based on the common population mean longitude of 77.59° 

 

 
Figure 4 The t-test analysis of the second dataset based on the common population mean longitude of 77.59° 

Table 5 The summary of the t-test analysis results for the five datasets based on the common population mean longitude of 
77.59° 

 Dataset 1 
Dataset 2 Dataset 3 Dataset 4 Dataset 5 

Dataset  Mean 
Longitude   (°)  77.5940  76.7333  75.7411  75.5333  75.5182 

 Satellite orbital 
Longitude (°)  77.59  77.59  77.59  77.59  77.59 

 95% CI, lower 
value  77.5050  77.5066  77.5048  77.5056  77.5054 

95% CI, upper value  77.6750  77.6734  77.6752  77.6744  77.6746 

Comment  

Dataset 1  
Mean is within 
the CI range. It 
means the 
sample data 

mean 
longitude is 
the same as 
the accepted 
mean orbital 
longitude 

Dataset 2  
Mean is 

outside the CI 
range. It is 
smaller than 
the lower 

value of the CI 

Dataset 3  
Mean is 

outside the CI 
range. It is 
smaller than 
the lower 

Dataset 4  
Mean is 

outside the CI 
range. It is 
smaller than 
the lower 

Dataset 5  
Mean is 

outside the CI 
range. It is 
smaller than 
the lower 

 

[X VALUE]
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Orbital		altitidue,	h	(km)

MOLNIYA	1‐S	Long	t_Sample	value
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MOLNIYA	1‐S	Long	t_95%	CI	Upper

[X VALUE]
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Figure 7 The t-test analysis of the second dataset based on the the predicted population mean longitude 77.7° 

Table 6 The summary of the t-test analysis results for the five datasets based on the predicted population mean longitude for 
each of the five datasets 

 Dataset 1 
Dataset 2 Dataset 3 Dataset 4 Dataset 5 

Sample Mean 
Longitude   (°)  77.5940  76.7333  75.7411  75.5333  75.5182 

Population Mean 
Longitude (°)  77.6  76.7  75.7  75.5  75.5 

 95% CI, lower 
value  77.5150  76.6166  75.6148  75.4156  75.4154 

95% CI, upper value  77.6850  76.7834  75.7852  75.5844  75.5846 

Comment  

Dataset 1  
Mean is within 
the CI range. It 
means the 
sample data 

mean 
longitude is 
the same as 
the accepted 
mean orbital 
longitude 

Dataset 2  
Mean is within 
the CI range. It 
means the 
sample data 

mean 
longitude is 
the same as 
the accepted 
mean orbital 
longitude 

Dataset 3 
Mean is within 
the CI range. It 
means the 
sample data 

mean 
longitude is 
the same as 
the accepted 
mean orbital 
longitude 

Dataset 4 
Mean is within 
the CI range. It 
means the 
sample data 

mean 
longitude is 
the same as 
the accepted 
mean orbital 
longitude 

Dataset 5 
Mean is within 
the CI range. It 
means the 
sample data 

mean 
longitude is 
the same as 
the accepted 
mean orbital 
longitude 

   
  

[X VALUE]
[X VALUE]

[X VALUE][X VALUE]0.004
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0.704

0.804
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