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Abstract—In this paper, statistical analysis of 
NIGCOSAT 1R satellite orbital altitude prediction 
datasets is presented. The study is based on five 
different datasets of 170 hour NIGCOSAT 1R 
satellite orbital altitude predictions extracted 
(from 2020 to 2022) using CELESTRAK online tool 
accessed via  https://www.satellite-
calculations.com/. The statistical analysis is 
performed using the t-test approach with 
NIGCOSAT 1R  geo-satellite  mean altitude of 
35786.0 km,  along with  a significance level, α of 
0.05, which is equivalent to confidence level of 
95% .  The results of the statistical analysis of the 
first dataset extracted from 1st of April 2022 to 8th 
of April 2022 (2022-04-01 9:23:19 to 2022-04-08 
11:23:19) show that the sample mean, is 
35783.94944 km, the sample standard deviation is 
10.95183505 km, the test statistics is -2.448 and 
the critical value is 1.962. Also, for the given 
dataset, the upper value of the mean that meets 
the critical value is 35787.64319 km while the 
lower value is 35784.35681 km. accordingly, the 
first dataset does not support the accepted 
population mean altitude of 35786.0 km and 
hence, the first dataset need to be discarded.  In 
all, based on the t-test results for the five 
datasets, the first and fifth dataset need to be 
discarded while the second, third and fourth 
datasets are accepted, as their sample mean 
altitudes are within the acceptable range that 
support the  population mean altitude of 35786.0 
km. 
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1. Introduction
Today, satellite communication has become the backbone 
of global communication framework [1,2,3,4,5,6,7] which 
provides support for diverse categories of wireless and 
wired communication systems at the local area and wide 

area network levels [8,9,10,11,12,13,14,15,16,17,18]. In 
order to benefit immensely from satellite communication 
technologies, Nigerian government has partnered with 
Chinese company to build and launch some satellites for 
different purposes [19,20,21,22,23]. Among the Nigerian 
owned satellites is the NigComSat-1R which was launched 
into geosynchronous equatorial orbit (GEO) in 2011 with 
orbital slut of 42.5° E [24,25,26,27,28]. The satellite has 15 
years lifespan and it is equipped with facilities that can 
support communication in four different microwave bands, 
namely; Ku, C, Ka and L Band.  
Importantly, satellite communication is a line of sight 
wireless communication in the microwave frequencies 
[29,30,31,32,33,34,35,36]. Similar to other wireless 
communication systems, the satellites signals are subjected 
to various environmental and climatic factors [37, 38,39, 
40,41,42,43, 44,45, 46,47, 48,49, 50,51, 52]. Also, the 
communication path length impact on the communication 
system component selection and link performance 
[53,54,55,56]. Hence, effective application of the satellite 
communication link requires careful computation of 
essential communication equipment and communication 
link parameters [57,58,59]. In the various computations 
required, the satellite altitude data is very essential. 
Generally, the geo-satellite mean orbital altitude is known 
to be 35786.0 km [60,61,62,63,64,65]. However, the 
instantaneous value of the orbital altitude is not constant, 
but varies with time. Notably, the variation in the orbital 
altitude affect the instantaneous values of communication 
range, propagation loss, communication delay time, among 
other parameters. These parameters are always utilised in 
determination of the received signal strength, the operating 
system margin, the required transmission power and other 
performance parameters of the satellite communication 
link. As such, researchers and satellite communication link 
designers seek for ways to assess the variation in attitude 
and other satellite orbital parameters. Some online satellite 
tracking tools provide satellite track prediction datasets for 
a given time range. However, before such datasets are 
utilised in further analysis of the satellite operations, the 
acquired prediction dataset need to be assessed to see 
whether it conforms to the known mean values for the give 
orbit. Accordingly, in this paper, the orbital altitude is used 
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to assess the applicability of satellite track prediction 
dataset. Specifically, the t-distribution statistical approach 
is used in a two-tailed analysis [66’67’68’69’70’71’72].  In 
this paper, a number of orbital altitude datasets were 
examined and the results are discussed in view of the t-test 
analysis outcome. 

2.  Methodology 
In this paper, the variation in the orbital altitude of 
NIGCOSAT 1R satellite which is supposed to maintain a 
constant geo-satellite orbital altitude of 35,786 km is 
analysed. The essence of the study is to ascertain if the 
prediction dataset accurately characterises the orbital 
motion of the satellite. The working dataset is obtained 
from orbital track prediction data for the case study satellite 
extracted from two different online satellite tracking tools. 
The analysis is essential to know which dataset is good 
enough to be used for characterization of the orbital motion 
of the satellite and further application of such dataset in the 
computation of satellite communication with the earth 
station and with other satellites.   
Specifically, in this paper, only the orbital altitude is 
considered in the analysis. Also, the analysis used the t-test 
approach whereby the mean and standard deviation of the 
predicted NIGCOSAT 1R satellite orbital altitude dataset 
are computed and then the known geo-satellite NIGCOSAT 
1R orbital altitude of 35,786 km is used to assess if the 
dataset conforms to the known orbital altitude of 35,786 
km. Where the predicted satellite orbital altitude dataset 
fails to satisfy the t-test within the chosen significance 
level, the dataset will be discarded, otherwise the dataset 
will be accepted as good enough for characterizing the 
orbital motion of the selected satellite. 
2.1 Determination of the Mean and Standard Deviation 

of the satellite altitude 
For the data set consisting of satellite latitudes,  ℎ௞  for k = 

1,2,3,…, 𝐾௠௔௫ , the mean altitude (ℎത) and the standard 
deviation are given as; 

ℎത ൌ  
ቂ∑ ሺ௛ೖሻ಼೘ೌೣ

ೖసభ ቃ

௄೘ೌೣ
    (1) 

𝑠ଶ ൌ  
ቂ∑ ሺ௛ೖି௛ഥሻమ಼೘ೌೣ

ೖసభ ቃ

ሺ௄೘ೌೣ ି ଵሻ
    (2) 

Also, 𝑠ଶ can be computed as follows; 

𝑠ଶ ൌ

ቌቀ∑ ሺ௛ೖሻమ಼೘ೌೣ
ೖసభ ቁି൥

ቀ∑ ൫೓ೖ൯಼೘ೌೣ
ೖసభ ቁ

಼೘ೌೣ
൩

మ

ቍ

ሺ௄೘ೌೣ ି ଵሻ
 (3) 

Hence,  
𝑠 ൌ  √𝑠ଶమ

 (4) 
2.2 Analysis of the sample satellite altitude dataset with 

respect to the known population mean of geo-
satellite altitude of 35,786 km 

The t-test is the statistical analysis approach that can be 
used to ascertain if there exit significant difference between 
the means of two datasets that have certain features in 
common. In this case, the paper seeks to ascertain if there is 
a significant difference between the sample mean of geo-
satellite orbital altitude and the known geo-satellite orbital 
altitude value of 35,786 km. In this case, when the 
difference is significant based on the chosen significance 
level, the dataset if deemed unfit and need to be discarded 
otherwise the data is acceptable and need to be retained. In 
the t-test, the significance level (α) indicates the probability 

that a hull hypothesis can be rejected when it is true. 
Conversely, the value of (1- α) % if the confidence level 
that the null hypothesis is rejected correctly or accepted 
correctly.  
The t-test analysis is performed according the following 
analytical expressions and procedure;  

The null hypothesis, 𝐻௢:  
𝐻௢ ൌ  𝜇 ൌ  35,786  (5) 

The alternate hypothesis, 𝐻௔ : 
𝐻௔ ്  35,786  (6) 

Sample mean, ℎത  as stated in Eq 1. 
Sample standard deviation, s as stated in Eq 2 to  Eq 4. 

Number of data items in the sample, n  as stated for Eq 1. 
n = 𝐾௠௔௫   (7) 

Degree of freedom, df 
df = n -1= 𝐾௠௔௫ -1       (8) 

 The level of significance to test, 𝛼 
The test statistics, t୲ୣୱ୲ value 

t୲ୣୱ୲  ൌ  
ሺ௛ ഥ ି ఓሻ

ቀ
ೞ

√೙
ቁ

      (9) 

The critical value,  tୡ୰୧୲୧ୡୟ୪ at 𝛼/2 =0.05/2 =0.025   
tୡ୰୧୲୧ୡୟ୪  ൌ  t஑/ଶ ൌ t଴.଴ଶହ at df        (10) 

The hull hypotheses is rejected if the t୲ୣୱ୲ is in the rejection 
region, that is if  

|t୲ୣୱ୲|  ൐  |tୡ୰୧୲୧ୡୟ୪|              𝑟𝑒𝑗𝑒𝑐𝑡 𝑡ℎ𝑒  𝑛𝑢𝑙𝑙 ℎ𝑦𝑝𝑜𝑡ℎ𝑒𝑠𝑖𝑠
|t୲ୣୱ୲|  ൑  |tୡ୰୧୲୧ୡୟ୪|            𝑎𝑐𝑐𝑒𝑝𝑡 𝑡ℎ𝑒 𝑛𝑢𝑙𝑙 ℎ𝑦𝑝𝑜𝑡ℎ𝑒𝑠𝑖𝑠

ൠ      

  (11) 
 

Now, from the tୡ୰୧୲୧ୡୟ୪  value, the acceptable range of 
values for the mean based on the level of significance, 𝛼 is 

computed from Eq 9 as follows; 
𝜇௟௢௪௘௥ ൌ

min ቀቂ𝜇 ൅  ൬ሺtୡ୰୧୲୧ୡୟ୪ሻ ቀ ௦

√௡
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√௡
ቁ൰ቃቁ   

           (12) 
𝜇௨௣௣௘௥ ൌ

max ቀቂ𝜇 ൅ ൬ሺtୡ୰୧୲୧ୡୟ୪ሻ ቀ ௦
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(13) 
So  

ℎത  ൏  𝜇௟௢௪௘௥ 𝑜𝑟 ℎത ൐  𝜇௨௣௣௘௥        𝑟𝑒𝑗𝑒𝑐𝑡 𝑡ℎ𝑒  𝑛𝑢𝑙𝑙 ℎ𝑦𝑝𝑜𝑡ℎ𝑒𝑠𝑖𝑠

 𝜇௟௢௪௘௥  ൑  ℎത ൑  𝜇௨௣௣௘௥                𝑎𝑐𝑐𝑒𝑝𝑡 𝑡ℎ𝑒 𝑛𝑢𝑙𝑙 ℎ𝑦𝑝𝑜𝑡ℎ𝑒𝑠𝑖𝑠
ቋ      

  (14) 
2.3 The Case Study Datasets 

The study used NIGCOSAT 1R satellite orbital altitude 
prediction datasets extracted using CELESTRAK online 
tool accessed via  https://www.satellite-calculations.com/. 
Specifically, five datasets of the orbital altitude are used 
and these datasets are extracted in a space of three years 
(from 2020 to 2022) listed as follows; 
1) Satellite altitude data extracted from 1st of April 2022 to 

8th of April 2022 (2022-04-01 9:23:19 to 2022-04-08 
11:23:19) 

2) Satellite altitude data extracted from 20th of June 2021 
to 28th of June 2021 (2021-06-20 22:45:21 to 2021-

06-28 0:45:21)    
3) Satellite altitude data extracted from 7th of August 2021 

to 14th of August 2021 (2021-08-07 10:45:28 UTC to 
2021-08-14 11:45:28 UTC) 
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4) Satellite altitude data extracted from 18th of December 
2021 to 1st of April 2022 (2021-12-18 T18:59:42 to 

2022-04-01 T03:49:22) 
5) Satellite altitude data extracted from 23rd of April 2020 

to 8th of April 2020 (4/23/2020 6:27 to  4/30/2020 
8:27) 

The fifth dataset on the orbital altitude extracted from 23rd 
of April 2020 to 25th of April 2020 (4/23/2020 6:27 to 

4/30/2020 8:27) using CELESTRAK online tool accessed 
at https://www.satellite-calculations.com/ is shown in Table 
1. The graph of the 170 hour orbital altitude distance from 
GEO altitude (35786 km)  of the case study satellite is 
shown in Figure 1.  
 

Table 1 The fifth dataset on the orbital altitude extracted from 23rd  of April 2020 to 25th  of April 2020 (4/23/2020 6:27  to  
4/30/2020 8:27) using CELESTRAK online tool accessed at  https://www.satellite-calculations.com/ 

S/N 
Date Time [UTC]  

Altitude 
[km] 

S/N 
Date Time [UTC] 

Altitude 
[km] 

S/N 
Date Time 
[UTC]  

Altitude 
[km] 

1  4/23/2020 6:27  35783.8  58  4/25/2020 15:27  35782.9  115  4/28/2020 0:27  35789.0 

2  4/23/2020 7:27  35782.7  59  4/25/2020 16:27  35784.0  116  4/28/2020 1:27  35788.4 

3  4/23/2020 8:27  35781.8  60  4/25/2020 17:27  35785.3  117  4/28/2020 2:27  35787.5 

4  4/23/2020 9:27  35781.0  61  4/25/2020 18:27  35786.5  118  4/28/2020 3:27  35786.4 

5  4/23/2020 10:27  35780.6  62  4/25/2020 19:27  35787.6  119  4/28/2020 4:27  35785.2 

6  4/23/2020 11:27  35780.5  63  4/25/2020 20:27  35788.5  120  4/28/2020 5:27  35784.0 

7  4/23/2020 12:27  35780.7  64  4/25/2020 21:27  35789.1  121  4/28/2020 6:27  35782.8 

8  4/23/2020 13:27  35781.2  65  4/25/2020 22:27  35789.5  122  4/28/2020 7:27  35781.7 

9  4/23/2020 14:27  35782.0  66  4/25/2020 23:27  35789.6  123  4/28/2020 8:27  35780.8 

10  4/23/2020 15:27  35783.0  67  4/26/2020 0:27  35789.3  124  4/28/2020 9:27  35780.2 

11  4/23/2020 16:27  35784.1 
68 

4/26/2020 1:27  35788.7 
125 

4/28/2020 
10:27 

35779.9 

12  4/23/2020 17:27  35785.4 
69 

4/26/2020 2:27  35787.9 
126 

4/28/2020 
11:27 

35779.9 

13  4/23/2020 18:27  35786.6 
70 

4/26/2020 3:27  35786.8 
127 

4/28/2020 
12:27 

35780.2 

14  4/23/2020 19:27  35787.7 
71 

4/26/2020 4:27  35785.7 
128 

4/28/2020 
13:27 

35780.8 

15  4/23/2020 20:27  35788.6 
72 

4/26/2020 5:27  35784.4 
129 

4/28/2020 
14:27 

35781.6 

16  4/23/2020 21:27  35789.3 
73 

4/26/2020 6:27  35783.2 
130 

4/28/2020 
15:27 

35782.7 

17  4/23/2020 22:27  35789.7 
74 

4/26/2020 7:27  35782.1 
131 

4/28/2020 
16:27 

35783.9 

18  4/23/2020 23:27  35789.8 
75 

4/26/2020 8:27  35781.2 
132 

4/28/2020 
17:27 

35785.1 

19  4/24/2020 0:27  35789.6 
76 

4/26/2020 9:27  35780.5 
133 

4/28/2020 
18:27 

35786.3 

20  4/24/2020 1:27  35789.1 
77 

4/26/2020 10:27  35780.2 
134 

4/28/2020 
19:27 

35787.4 

21  4/24/2020 2:27  35788.3 
78 

4/26/2020 11:27  35780.1 
135 

4/28/2020 
20:27 

35788.2 

22  4/24/2020 3:27  35787.2 
79 

4/26/2020 12:27  35780.4 
136 

4/28/2020 
21:27 

35788.8 

23  4/24/2020 4:27  35786.1 
80 

4/26/2020 13:27  35780.9 
137 

4/28/2020 
22:27 

35789.1 

24  4/24/2020 5:27  35784.8 
81 

4/26/2020 14:27  35781.8 
138 

4/28/2020 
23:27 

35789.1 

25  4/24/2020 6:27  35783.6  82  4/26/2020 15:27  35782.8  139  4/29/2020 0:27  35788.8 

26  4/24/2020 7:27  35782.5  83  4/26/2020 16:27  35784.0  140  4/29/2020 1:27  35788.2 

27  4/24/2020 8:27  35781.6  84  4/26/2020 17:27  35785.2  141  4/29/2020 2:27  35787.3 

28  4/24/2020 9:27  35780.9  85  4/26/2020 18:27  35786.4  142  4/29/2020 3:27  35786.2 
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29  4/24/2020 10:27  35780.5  86  4/26/2020 19:27  35787.5  143  4/29/2020 4:27  35785.0 

30  4/24/2020 11:27  35780.4  87  4/26/2020 20:27  35788.4  144  4/29/2020 5:27  35783.8 

31  4/24/2020 12:27  35780.6  88  4/26/2020 21:27  35789.0  145  4/29/2020 6:27  35782.6 

32  4/24/2020 13:27  35781.1  89  4/26/2020 22:27  35789.4  146  4/29/2020 7:27  35781.5 

33  4/24/2020 14:27  35781.9  90  4/26/2020 23:27  35789.4  147  4/29/2020 8:27  35780.7 

34  4/24/2020 15:27  35782.9  91  4/27/2020 0:27  35789.1  148  4/29/2020 9:27  35780.1 

35  4/24/2020 16:27  35784.1 
92 

4/27/2020 1:27  35788.5 
149 

4/29/2020 
10:27 

35779.7 

36  4/24/2020 17:27  35785.3 
93 

4/27/2020 2:27  35787.7 
150 

4/29/2020 
11:27 

35779.7 

37  4/24/2020 18:27  35786.5 
94 

4/27/2020 3:27  35786.6 
151 

4/29/2020 
12:27 

35780.1 

38  4/24/2020 19:27  35787.6 
95 

4/27/2020 4:27  35785.5 
152 

4/29/2020 
13:27 

35780.7 

39  4/24/2020 20:27  35788.5 
96 

4/27/2020 5:27  35784.2 
153 

4/29/2020 
14:27 

35781.6 

40  4/24/2020 21:27  35789.2 
97 

4/27/2020 6:27  35783.0 
154 

4/29/2020 
15:27 

35782.6 

41  4/24/2020 22:27  35789.6 
98 

4/27/2020 7:27  35781.9 
155 

4/29/2020 
16:27 

35783.8 

42  4/24/2020 23:27  35789.7 
99 

4/27/2020 8:27  35781.0 
156 

4/29/2020 
17:27 

35785.0 

43  4/25/2020 0:27  35789.4 
100 

4/27/2020 9:27  35780.4 
157 

4/29/2020 
18:27 

35786.2 

44  4/25/2020 1:27  35788.9 
101 

4/27/2020 10:27  35780.0 
158 

4/29/2020 
19:27 

35787.3 

45  4/25/2020 2:27  35788.1 
102 

4/27/2020 11:27  35780.0 
159 

4/29/2020 
20:27 

35788.1 

46  4/25/2020 3:27  35787.0 
103 

4/27/2020 12:27  35780.3 
160 

4/29/2020 
21:27 

35788.7 

47  4/25/2020 4:27  35785.9 
104 

4/27/2020 13:27  35780.9 
161 

4/29/2020 
22:27 

35789.0 

48  4/25/2020 5:27  35784.6 
105 

4/27/2020 14:27  35781.7 
162 

4/29/2020 
23:27 

35789.0 

49  4/25/2020 6:27  35783.4  106  4/27/2020 15:27  35782.8  163  4/30/2020 0:27  35788.6 

50  4/25/2020 7:27  35782.3  107  4/27/2020 16:27  35783.9  164  4/30/2020 1:27  35788.0 

51  4/25/2020 8:27  35781.4  108  4/27/2020 17:27  35785.2  165  4/30/2020 2:27  35787.1 

52  4/25/2020 9:27  35780.7  109  4/27/2020 18:27  35786.3  166  4/30/2020 3:27  35786.0 

53  4/25/2020 10:27  35780.3  110  4/27/2020 19:27  35787.4  167  4/30/2020 4:27  35784.8 

54  4/25/2020 11:27  35780.2  111  4/27/2020 20:27  35788.3  168  4/30/2020 5:27  35783.6 

55  4/25/2020 12:27  35780.5  112  4/27/2020 21:27  35788.9  169  4/30/2020 6:27  35782.4 

56  4/25/2020 13:27  35781.0  113  4/27/2020 22:27  35789.3  170  4/30/2020 7:27  35781.3 

57  4/25/2020 14:27  35781.8  114  4/27/2020 23:27  35789.3  171  4/30/2020 8:27  35784.3 
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Figure 1 The graph of the  170 hour orbital altitude distance from GEO altitude (35786 km)  of the case study satellite  

 
3. Results and discussion 
The analysis is conducted on the five datasets of 
NIGCOSAT 1R satellite orbital altitude prediction obtained 
from online satellite track prediction tools, as presented in 
section 2.3. The datasets are collected in 2020, 2021 and 
2022. Also, in this paper, for the t-test data analysis a 
significance level of (α = 0.05, which is equivalent to 
confidence level of 95%) is adopted. Also, for the 
NIGCOSAT 1R  geo-satellite, the accepted mean altitude is 
35786.0 km. This mean altitude is used in the t-distribution 
analysis to assess whether the dataset is acceptable or 
whether the dataset should be discarded.  
The scatter plot diagram for the first dataset is shown in 
Figure 2, for the second dataset is shown in Figure 3, for 

the third dataset is shown in Figure 4, for the fourth dataset 
is shown in Figure 5 and for the fifth dataset is shown in 
Figure 6. It can be seen that the scatter plot for the first, 
second, third and fifth datasets are periodic with sinusoidal 
outlines whereas that of the fourth dataset is not periodic 
and has no definite outline. The reason is that the first, 
second, third and fifth datasets are extracted on hourly basis 
over a period of 170 consecutive hours; hence the dataset is 
a diurnal data of the orbital altitude versus time in hours. 
On the other hand, the fourth dataset is taken once data 
items per day for about 256 days.  As such, the value of the 
altitude depends on the hour in the day the data was 
extracted.  
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Figure 2 The scatter plot diagram of the first dataset 
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Figure 3 The scatter plot diagram of the second dataset 

 

 
Figure 4 The scatter plot diagram of the third dataset 
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Figure 5 The scatter plot diagram of the fourth dataset 

 

 
Figure 6 The scatter plot diagram of the fifth dataset 
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The results of statistical analysis for the first dataset 
extracted from 1st of April 2022 to 8th of April 2022 
(2022-04-01 9:23:19 to 2022-04-08 11:23:19) show that the 
sample mean, is 35783.94944, the sample standard 
deviation is 10.95183505, the test statistics is -2.448 and 
the critical value is 1.962. Also, for the given dataset, the 
upper value of the mean that meets the critical value is   
35787.64319 while the lower value of the mean that meets 
the critical value is 35784.35681. The visualisation of the t-
distribution showing the location of the sample mean of 
35783.94944 relative to the acceptable range of mean 
values, is shown in Figure 7.  According to the graph in 
Figure 7, the sample mean of 35783.94944 is lower than the 
lower value of the mean that meets the critical value. 
Hence, the null hypotheses is rejected. This means that the 

given dataset does not support the accepted mean altitude of 
35786.0. Essentially, this dataset need to be discarded. 
The results of the statistical analysis of the five satellite 
altitude datasets are shown in Table 2 while the 
visualisation of the t-distribution showing the location of 
the sample mean relative to the acceptable range of mean 
values are  shown for the five satellite altitude datasets in 
Figure 7, Figure 8, Figure 9, Figure 10, and Figure 11.  
According to the results in Table 2 and the Figure 7 to 
Figure 11, the null hypothesis is rejected for the first and 
the fifth datasets while for the second, third and fourth 
datasets, the null hypothesis is accepted. In all, the first and 
fifth dataset need to be discarded while the second, third 
and fourth datasets should be accepted. 

Table 2 The results of the statistical analysis of the five satellite altitude datasets  
 First Dataset Second  Dataset Third  Dataset Fourth  Dataset Fifth Dataset 

Parameter 

Satellite altitude 
data  extracted 

from 1st of April 
2022 to 8th of 

April 2022 (2022-
04-01 9:23:19 to 

2022-04-08 
11:23:19) 

Satellite altitude 
data  extracted 

from 20th of June  
2021 to 28th of 

June 2021 (2021-
06-20 22:45:21 to 

2021-06-28 
0:45:21)    

Satellite altitude 
data  extracted 

from 7th of 
August 2021 to 
14th of August 
2021 (2021-08-
07 10:45:28 UTC 

to 2021-08-14 
11:45:28 UTC ) 

Satellite altitude 
data extracted 

Satellite altitude 
data extracted from 
18th of December 

2021  to 1st  of April 
2022 (2021-12-18 

T18:59:42 to 2022-
04-01 T03:49:22) 

 

Satellite altitude 
data  extracted 

from 23rd of April 
2020 to 8th of 

April 2020 
(4/23/2020 6:27  

to  4/30/2020 8:27) 
 

Number of data 
items in the 
sample, n 

171  171  171  256  171 

Degree of 
freedom, df 

 
170  170  170  255  170 

Level of 
significance, α 

0.05  0.05  0.05  0.05  0.05 

 Sample mean, 𝒉ഥ 35783.94944  35786.29574  35785.14035  35785.24609  35784.724522 

 Sample standard 
deviation, s 

10.95183505  6.556370209  5.735663241  7.18263049  3.299132138 

 Population 
mean, μ 

35786.00000  35786.000000  35786.0000   35786.00000  35786.00000 

 The test 
statistics, 𝐭𝐭𝐞𝐬𝐭 

‐2.448  0.590  ‐1.960  ‐1.6793987  ‐5.056 

The critical value, 
 𝐭𝐜𝐫𝐢𝐭𝐢𝐜𝐚𝐥 

1.962  1.962  1.962  1.962  1.962 

𝜇௨௣௣௘௥ 35787.643190  35786.983704  35786.860567  35786.880770  35786.494995 

𝜇௟௢௪௘௥ 
35784.356810 

 
35785.016296  35785.139433  35785.119230  35785.505006 

Decision 
Reject because 

𝒉ഥ  ൏ 𝝁𝒍𝒐𝒘𝒆𝒓 

Accept because 

𝝁𝒍𝒐𝒘𝒆𝒓 ൑ 𝒉ഥ
൑ 𝝁𝒖𝒑𝒑𝒆𝒓 

Accept 
because 

𝝁𝒍𝒐𝒘𝒆𝒓 ൑ 𝒉ഥ
൑ 𝝁𝒖𝒑𝒑𝒆𝒓 

Accept because 

𝝁𝒍𝒐𝒘𝒆𝒓  ൑  𝒉ഥ
൑ 𝝁𝒖𝒑𝒑𝒆𝒓 

Reject because 

𝒉ഥ ൏ 𝝁𝒍𝒐𝒘𝒆𝒓 
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Figure 7 Visualisation of the t-distribution for the first dataset showing the location of the sample mean of 35783.94944 

relative to the acceptable range of mean values 

 
Figure 8 Visualisation of the t-distribution for the second dataset showing the location of the sample mean of 35786.29574 

relative to the acceptable range of mean values 
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Figure 9 Visualisation of the t-distribution for the third dataset showing the location of the sample mean of 35785.14035 

relative to the acceptable range of mean values 
 

 
Figure 10 Visualisation of the t-distribution for the fourth dataset showing the location of the sample mean of 35785.24609 

relative to the acceptable range of mean values 
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Figure 11 Visualisation of the t-distribution for the fifth dataset showing the location of the sample mean of 35784.72452 

relative to the acceptable range of mean values 
4. Conclusion  

Statistical analysis of the orbital altitude of a geostationary 
satellite is presented. The case study satellite is 
NIGCOSAT 1R which is known to have mean geo-satellite 
altitude of 35786 km . The 170 hour tracking data of the 
case study satellite were obtained using online satellite 
orbital motion tracking tool which provided the dataset with 
171 altitude data items. Five different datasets were 
examined and two of the dataset were discarded based on 
the t-distribution analysis results which showed that at 95 % 
confidence level, the mean altitude of the two dataset do not 
fall within the lower and upper range of acceptable mean 
altitude for geo-satellites. However, three of the datasets 
satisfied the t-test at 95 % confidence interval and were 
then recommended for application in the satellite parameter 
computations. 
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