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Abstract— In this paper, correlated t-tests 

analysis of predicted orbital altitude datasets from 
two online satellite tracking tools is presented. 
The cases study satellite is EUTELSAT 7B with 
Norad identification number of 39163.  Four 
different orbital altitude datasets of EUTELSAT 7B 
satellite were obtained from two different online 
satellite tracking tools. Each of the dataset has 
170 altitude data items. The four datasets were 
combined in six different pairs and correlated t-
test analysis was performed on the six pairs of the 
orbital altitude datasets. The results showed that 
the mean of the first, second and third 
combinations of the datasets are -0.191936649, -
1.094454754 and -2.392700035 respectively, while 
the mean of the fourth, fifth and sixth 
combinations of the datasets are -0.902522257, -
2.200767205 and -1.298245614 respectively. Again, 
the results showed that there is no significant 
difference between the mean of the two dataset in 
the first, second, third, fourth, fifth and sixth 
combinations of the four datasets.  Essentially, 
the mean of the two dataset are equal in all the 
combinations of the four datasets. 
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1. Introduction  
Satellite orbital motion tracking datasets are very useful for 
satellite applications. Researchers and satellite applications 
developers use such data in their analysis [1,2, 3,4, 5,6, 7,8, 
9,10, 11]. Such data as the orbital longitude, latitude and 
altitude are used to determine several satellite 
communication link parameters such as the elevation angle, 
the slant range, the path loss, the communication delay, the 
coverage range, among others 
[12,13,14,15,16,17,18,19,20]. The accuracy of such 
analysis depends on the accuracy of the input dataset. As 
such, determination of the accuracy of the satellite tracking 
dataset is essential for effective satellite application 
development.  

Nowadays, there are several online satellite tracking tools 
that enable access to the predicted satellite dataset [1,2, 3,4, 
5,6, 7,8]. Unfortunately, for the same timeframe, many of 
these tools give different data values for the same satellites. 
Also, they have different time intervals in their data 
capture. As such, evaluation of the accuracy of the dataset 
obtained from the different online tools is essential to know 
which dataset conforms to the known mean values of the 
orbital parameters.  
In this case, the correlated t-tests analysis is essential for 
comparing two related dataset that can be paired 
[21,22,23,24,25,26,27,28,29]. In this paper, the satellite 
altitude datasets acquired from two different online satellite 
tracking tool is presented. The study utilised the correlated 
t-tests analysis to ascertain the relationship that exist 
between the mean of the two satellite altitude  datasets, 
specifically to check if the two mean values are the same or 
whether there is a significant difference in the mean of the 
two dataset.  The approach can be used to validate the 
applicability of any online tool generated dataset when the 
dataset is statically compared with a reference dataset that 
is known to be accurate. In any case, the correlated t-tests 
analysis can only be applied when the requisite conditions 
are satisfied.  

2. Methodology 
2.1  The correlated  t-test   procedure 

In the corrected t-test analysis in this paper two orbital 
altitude databases are considered. Each of the two datasets 
consists of N data items. The data items in the two datasets 
are represented as 𝐴𝐴𝑥𝑥,𝑘𝑘 for the first dataset and 𝐴𝐴𝑦𝑦,𝑘𝑘 for the 
second dataset, where k = 1,2,3,…N. Then, the dataset for 
the difference, denoted as 𝐷𝐷𝑎𝑎𝑦𝑦,𝑘𝑘 is given as; 

𝐷𝐷𝑎𝑎𝑦𝑦,𝑘𝑘 =   𝐴𝐴𝑥𝑥,𝑘𝑘 −  𝐴𝐴𝑦𝑦,𝑘𝑘  for k = 1,2,3,…N         (1) 
The mean of 𝐷𝐷𝑎𝑎𝑦𝑦,𝑘𝑘 is denoted as 𝐷𝐷� where; 

𝐷𝐷� =  �
∑ �𝐷𝐷𝑎𝑎𝑎𝑎,𝑘𝑘�𝑁𝑁
𝑘𝑘=1 �

𝑁𝑁
    (2) 

The standard deviation of 𝐷𝐷𝑎𝑎𝑦𝑦,𝑘𝑘 is denoted as 𝑆𝑆𝐷𝐷 is given as; 

𝑆𝑆𝐷𝐷  =  ��
�∑ �𝐷𝐷𝑎𝑎𝑎𝑎,𝑘𝑘−𝐷𝐷��

2𝑁𝑁
𝑘𝑘=1 �

(𝑁𝑁−1 )
�
22
       (3) 

The standard error of 𝐷𝐷� is denoted as 𝑆𝑆𝑆𝑆𝐷𝐷 is given as; 
𝑆𝑆𝑆𝑆𝐷𝐷 =  �𝑆𝑆𝐷𝐷

√𝑁𝑁
�    (4) 

The t-statistic denoted as 𝑡𝑡𝐷𝐷 is given as ; 
𝑡𝑡𝐷𝐷  =  𝐷𝐷�

𝑆𝑆𝑆𝑆𝐷𝐷
      (5) 

The degree of freedom, df is given as 
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𝑑𝑑𝑑𝑑 =  𝑁𝑁 − 1      (6) 
For a selected significance value, α , the critical t value, 
denoted as 𝑡𝑡𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝑎𝑎𝐷𝐷  is given as; 

𝑡𝑡𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝑎𝑎𝐷𝐷  =  t(α/2)  at df        (7) 
The confidence interval in respect of 𝑆𝑆𝑆𝑆𝐷𝐷 and α is denoted 
as 𝐶𝐶𝐶𝐶𝐷𝐷α , where; 
𝐶𝐶𝐶𝐶𝐷𝐷α  = ��𝐷𝐷� − ��t(α/2)�(𝑆𝑆𝑆𝑆𝐷𝐷 )�� , �𝐷𝐷� + ��t(α/2)�(𝑆𝑆𝑆𝑆)���

   (8) 
If there is no significant difference in the mean of 𝐴𝐴1,𝑘𝑘  and 

𝐴𝐴2,𝑘𝑘, then the value of 𝑡𝑡𝐷𝐷 must be such that ; 

�𝐷𝐷� − ��t(α/2)�(𝑆𝑆𝑆𝑆𝐷𝐷 )��  ≤   𝐷𝐷� ≤  �𝐷𝐷� + ��t(α/2)�(𝑆𝑆𝑆𝑆)��
    (9) 

2.2  The case study datasets  
In this study, four different orbital altitude datasets of 
EUTELSAT 7B satellite with Norad identification number 
of 39163 were obtained from two different online 
satellite tracking tools. Each of the dataset has 170 
altitude data items, hence, N is 170. For the analysis, 
the four datasets are denoted as 𝐴𝐴𝐴𝐴1,𝑘𝑘,  𝐴𝐴𝐴𝐴2,𝑘𝑘 , 𝐴𝐴𝐴𝐴3,𝑘𝑘 
and 𝐴𝐴𝐴𝐴4,𝑘𝑘 and k is 1,2,3,…,170. For the correlated t-
test, the datasets are considered two at a time. Then, 
the combination expression,  𝑊𝑊𝐶𝐶𝐷𝐷 is used to determine 
the number of combination of the dataset for 
comprehensive analysis, where;  

 𝑊𝑊𝐶𝐶𝐷𝐷 =  𝑊𝑊!
𝐷𝐷!(𝑊𝑊−𝐷𝐷)!

      (10) 
Hence, for w = 4 and r = 2, then (4,2) =  �42� =
 4!
2!(4−2)!

= 24
2(2)

= 6  .  If the datasets are generally 
denoted as 𝐴𝐴𝐴𝐴𝑧𝑧,𝑘𝑘  where z =1,2,3,4 and k = 
1,2,3,…,170, then, the combinations of the four 
datasets into six different pairs are shown in Table 1. 

Table 1.The combinations of the four datasets into six 
different pairs 

 𝐴𝐴𝑥𝑥,𝑘𝑘  𝐴𝐴𝑦𝑦,𝑘𝑘  
Combination 

Serial 
number 

The dataset 
number, Z for the 

first dataset 

The dataset 
number, Z for 
the second 

dataset 
1 1 2 
2 1 3 
3 1 4 
4 2 3 
5 2 4 
6 3 4 

 
Datasets 1 and 2 were obtained from  http://www.satellite-
calculations.com while datasets 3 and 4 were obtained 
from https://orbit.ing-now.com/. The online satellite 
tracking tool at http://www.satellite-calculations.com 
provides hourly predicted orbital altitude for 170 
consecutive hours from the time of request submission on 
the website. The 170 hours is about 7 days and few hours. 
On the other hand, the online satellite tracking tool 
at https://orbit.ing-now.com/ provides predicted orbital 
altitude for up a selected number of data points that spans 
over a month and about two or three data items are 
predicted per day. Notably, the analysis in this paper seeks 
to check if the difference in the sampling of the data points 
in the two different online tools will affect the mean of the 
datasets and to check also if there is significant difference 
in the mean of the four datasets. The graph plots of the 
orbital altitude for dataset 1 and 2 from satellite-
calculations.com are shown in Figure 1  while those for 
dataset 3 and 4 from https://orbit.ing-now.com/ are shown 
in Figure 2.   

 
Figure 1  Orbital altitude  for dataset 1 and 2 from satellite-calculations.com 
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Figure 2  Orbital altitude  for dataset 3 and 4 from https://orbit.ing-now.com/ 

 
3. Results and discussion 

The summary of the analysis of the first, second and third 
combinations of the four datasets, the three combinations 
involve dataset 1 is presented in Table 2. The scatter line 
chart of the orbital Altitude difference of Dataset 1 and 
Dataset 2  is presented in Figure 3 while the results of the 
correlated t-test on orbital altitude difference  of dataset 1 
and dataset 2 is presented in Figure 4. Also, the scatter line 
chart of the orbital altitude difference of dataset 1 and 
dataset 3 is presented in Figure 5 while the results of the 
correlated t-test on orbital altitude difference of dataset 1 
and dataset 3 is presented in Figure 6. Again, the scatter 
line chart of the orbital altitude difference of dataset 1 and 

dataset 4 is presented in Figure 7 while the results of the 
correlated t-test on orbital altitude difference of dataset 1 
and dataset 4 is presented in Figure 8.  The results in Table 
2 show that the mean of the first, second and third 
combinations of the datasets are -0.191936649, -
1.094454754 and -2.392700035 respectively. Again, the 
results in Table 2 and Figure 4, Figure 6  and Figure 8  
show that there is no significant difference between the 
mean of the two dataset in the the first, second and third 
combinations of the four datasets.  Essentially, the mean of 
the two dataset are equal in the first, second and third 
combinations of the four datasets. 

 

Table 2. The summary of the analysis of the first, second and third combinations of the four datasets, the 
three combinations involve dataset 1 

 

Dataset 1 and 2 
 

(both from satellite-
calculations.com) 

Dataset 1 and 3 
 

(Dataset 1  from 
satellite-

calculations.com 
and Dataset 3  

from 
https://orbit.ing-

now.com/) 

Dataset 1 and 4 
 

(Dataset 1  from 
satellite-

calculations.com 
and Dataset 4  

from 
https://orbit.ing-

now.com/) 
Mean  𝐷𝐷� -0.191936649 -1.094454754 -2.392700035 

Standard deviation, 𝑆𝑆𝐷𝐷 21.11000329 20.82652609 23.17774172 

t-statistic, 𝑡𝑡𝐷𝐷 -0.119 -0.687 -1.350 

t_critical,  t(α/2) 1.962 1.962 1.962 

Confidence interval, 𝐶𝐶𝐶𝐶𝐷𝐷α (upper) 3.167300350 3.124768030 3.477539462 

Confidence interval, 𝐶𝐶𝐶𝐶𝐷𝐷α (lower) -3.167300350 -3.124768030 -3.477539462 

Remark 

There is no significant 
difference between the 

mean of the two 
dataset.  Essentially, the 

mean of the two 
dataset are equal. 

There is no 
significant difference 
between the mean 
of the two dataset.  

Essentially, the 
mean of the two 

dataset are equal. 

There is no 
significant difference 
between the mean 
of the two dataset.  

Essentially, the 
mean of the two 

dataset are equal. 
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Figure 3 Scatter line chart of the orbital Altitude difference of Dataset 1 and Dataset 2  

 

 
Figure 4  Results of the correlated t-test on orbital Altitude difference  of Dataset 1 and Dataset 2   
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Figure 5 Scatter line chart of the orbital Altitude difference  of Dataset 1 and Dataset 3  

 
Figure 6  Results of the correlated t-test on orbital Altitude difference  of Dataset 1 and Dataset 3    

 

 
Figure 7 Scatter line chart of the orbital Altitude difference  of Dataset 1 and Dataset 4  
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Figure 8  Results of the correlated t-test on orbital Altitude difference  of Dataset 1 and Dataset 4    

The summary of the analysis of the fourth and fifth 
combinations of the four datasets, with both combinations 
involve dataset 2 is presented in Table 3. The scatter line 
chart of the orbital altitude difference of dataset 2 and 
dataset 3 is presented in Figure 9 while the results of the 
correlated t-test on orbital altitude difference of dataset 2 
and dataset 3 is presented in Figure 10. Also, the scatter line 
chart of the orbital altitude difference of dataset 2 and 
dataset 4 is presented in Figure 11 while the results of the 
correlated t-test on orbital altitude difference of dataset 2 

and dataset 4 is presented in Figure 12. The results in Table 
3 show that the mean of the the fourth and fifth 
combinations of the datasets are -0.902522257 and -
2.200767205 respectively. Again, the results in Table 3 , 
Figure 10 and Figure 12 show that there is no significant 
difference between the mean of the two dataset in the the 
fourth and fifth combinations of the four datasets.  
Essentially, the mean of the two dataset are equal in the 
fourth and fifth combinations of the four datasets. 

 
Table 3. The summary of the analysis of the fourth and fifth combinations of the four datasets, both 

combinations involve dataset 2 
 

 

Dataset 2 and 3 
(Dataset 2  from satellite-

calculations.com and 
Dataset 3  from 

https://orbit.ing-now.com/) 

Dataset 2 and 4 
(Dataset 2  from satellite-

calculations.com and Dataset 
4  from https://orbit.ing-

now.com/) 
Mean  𝐷𝐷� -0.902522257 -2.200767205 

Standard deviation, 𝑆𝑆𝐷𝐷 13.08002775 17.8262131 

t-statistic, 𝑡𝑡𝐷𝐷 -0.902 -1.614 

t_critical,  t(α/2) 1.962 1.962 
Confidence interval, 𝐶𝐶𝐶𝐶𝐷𝐷α 

(upper) 1.962499764 2.674607399 
Confidence interval, 𝐶𝐶𝐶𝐶𝐷𝐷α 

(lower) -1.962499764 -2.674607399 

Remark 

There is no significant 
difference between the mean 

of the two dataset.  
Essentially, the mean of the 

two dataset are equal. 

There is no significant difference 
between the mean of the two 
dataset.  Essentially, the mean 
of the two dataset are equal. 
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Figure 9 Scatter line chart of the orbital Altitude difference  of Dataset 2 and Dataset 3  

 

 
Figure 10  Results of the correlated t-test on orbital Altitude difference  of Dataset 2 and Dataset 3   

 

 
Figure 11 Scatter line chart of the orbital Altitude difference  of Dataset 2 and Dataset 4 
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Figure 12  Results of the correlated t-test on orbital Altitude difference  of Dataset 2 and Dataset 4   

The summary of the analysis of the sixth combination of 
the four datasets which involves dataset 3 and dataset 4 is 
presented in Table 4. The scatter line chart of the orbital 
altitude difference of dataset 3 and dataset 4 is presented in 
Figure 13 while the results of the correlated t-test on orbital 
altitude difference of dataset 3 and dataset 4 is presented in 
Figure 14. The results in Table 4 show that the mean of the 
the sixth combination of the datasets is -1.298245614. 
Again, the results in Table 4 and Figure 14 show that there 

is no significant difference between the mean of the two 
dataset in the the fourth and fifth combinations of the four 
datasets.  Essentially, the mean of the two dataset are equal 
in the sixth combination of the four datasets. 
In all, despite the fact that the four datasets were captured 
on different dates and by two different online tools, their 
correlated t-test analysis showed that the datasets have the 
same mean.  

 
Table 4. The summary of the analysis of the sixth combination of the four datasets, the combination 

involve dataset 3 and dataset 4 

 

Dataset 3 and 4 
 

(both datasets from https://orbit.ing-
now.com/) 

Mean  𝐷𝐷� -1.298245614 

Standard deviation, 𝑆𝑆𝐷𝐷 16.94902209 

t-statistic, 𝑡𝑡𝐷𝐷 -1.002 

t_critical,  t(α/2) 1.962 

Confidence interval, 𝐶𝐶𝐶𝐶𝐷𝐷α (upper) 2.542995511 

Confidence interval, 𝐶𝐶𝐶𝐶𝐷𝐷α (lower) -2.542995511 

Remark 

There is no significant difference 
between the mean of the two dataset.  

Essentially, the mean of the two 
dataset are equal. 
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Figure 13 Scatter line chart of the orbital Altitude difference  of Dataset 3 and Dataset 4 

 

 
Figure 14  Results of the correlated t-test on orbital Altitude difference  of Dataset 3 and Dataset 4   

 
4. Conclusion 

Correlated t-test analysis is performed on four orbital 
altitude datasets collected at different dates using two 
different online satellite tracking tools. The analysis is 
to establish if the predicted altitude datasets from the 
two tracking tools have the mean or if there is 
significant differences among the dataset from the 
same tool and datasets from the two different tools. 
The case study satellite in the study is the EUTELSAT 
7B satellite with Norad identification number of 39163. In 
all, the results of the correlated t-test showed that 
there is no significant differences in the mean of the 
datasets from the different tools and the datasets 
collected on different dates. 
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