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Abstract - Earth station system plays a big role in communications industry. To ensure that the earth station system 

functioning throughout specified period of time, the reliability and maintainability of the system needs to be analyzed. This 

paper presents the analysis on the reliability of 2-parallel and 3-parallel configurations of earth station system with Mean 

Time Between Failure of 6 months, 2.5 years, 3.7 years, 4.5 years and 5 years using secondary data obtained from Monte 

Carlo generator in Matlab. A new reliability model is created based on the results obtained. Suitable maintenance activities 

are also proposed for the earth station system. 
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I. INTRODUCTION 

 

One of the most significant objectives in fulfilling the 

requirements for system operational feasibility is 

achieved through the design for reliability. Reliability 

of earth station system may be defined as the 

probability that a earth station system will accomplish 

its designated mission in a satisfactory manner and 

for a given period when used under specified 

operating conditions [1].  When an earth station 

system breaks down, the question of the system 

reliability and maintainability comes into the picture. 

Each subsystem in the earth station system has its 

own failure rate. The design for system reliability in 

the earth station system is very crucial and needed to 

make sure that the system runs smoothly without any 

disturbances. If the system breaks down, the suitable 

maintenance activities have to be performed in order 

to make sure the system is up and running as always. 

Therefore, this paper is focused on the analysis of the 

reliability and maintenance activities are proposed for 

the earth station system. This paper emphasizes on 

the importance of reliability analysis in order to 

create a high reliability model. Analysis on the 

reliability of 2-parallel and 3-parallel configurations 

of earth station system is done to meet the objective. 

The rest of the paper is organized as follows: Section 

2 discusses on the literature review. Section 3 

explains on the research methodology. Section 4 

elaborates on the results and analysis and finally 

section 5 gives the conclusion and recommendation 

for the future work.  

 

II. LITERATURE REVIEW 

 

A. Reliability 

 

In the engineering world and in mathematical 

statistics, reliability has a very crucial meaning. In its 

simplest and general form, reliability is a probability 

of the system to be working in its projected function 

throughout a certain period of time under specified 

conditions. In other word, reliability is the probability 

of performing without failure a specified function 

under given conditions for a specified period of time 

[2]. 

Reliability is seen as one of the vital engineering 

technologies and is characterized as concerning itself 

with:  

 the probability of performance over a specified 

period of time.  

 the analysis of available strength against 

probable stress.  

 the trade-off of reliability against other qualities 

that are desired.  

 the cost needed to achieve the given reliability 

goal.  

 the optimum usefulness of the product after it has 

been sent into service. 

 

With increasingly wide use of electronic equipment 

and its growing complexity reliability found its way 

into every phase of the concept, design, development, 

manufacturing, test, and delivery cycle. Reliability 

becomes an ever-increasing factor in system 

configuration. In the design of communication 

satellites, reliability is a most important 

consideration. Using satellites for communications 

purpose, the satellite has to have a really reliable 

ground station system, with a lifetime of at least one 

year or more [3]. Presently for space electronics used 

in communication satellites, the long-term life 

connotes mean-time-to-failures or mean-time-

between failures (MTBF) of at least five years [4]. 

One of the most significant objectives in fulfilling the 

requirements for system operational feasibility is 

achieved through design for reliability. Reliability of 

earth station system may be defined as the probability 

that the system will accomplish its designated 

mission in a satisfactory manner and for a given 

period when used under specified operating 

conditions [5]. Reliability is actually related to the 

failure rate of the system. The failure rate is the rate 
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at which failures occur in a specified time interval 

[6]. The failure rate per hour is expressed as 

 
where lamda ( ) is known as a failure rate. There are 

many ways that the failure rate can be expressed, 

such as failures per hour, percentage of failures per 

1,000 hours, or failures per million hours. In the case 

of electrical and electronic devices, the graph 

distribution is exponential and the system mean life 

or the mean time between failure is 

  
where λ is the instantaneous failure rate and M is the 

mean time between failure [1].  

 

B. Maintainabiity 

 

Meanwhile, maintainability must be inherent or “built 

into” the design, while maintenance is the result of 

design [1]. Maintainability can be divided into two 

maintenance factors: preventive maintenance and 

corrective maintenance. Preventive maintenance is 

the maintenance that is frequently performed on an 

equipment to reduce the possibility of it failing. It is 

performed in a working system so that the equipment 

does not break down unexpectedly [7]. While 

corrective maintenance is the unscheduled 

maintenance or the maintenance act performed to 

identify and make a correction to a fault so that the 

failed part can be restored to an operational condition 

within the restrictions established for in-service 

operations [7]. Previous research papers have been 

reviewed in order to get the idea on how to analyze 

and generate secondary data of earth station system 

[8-9,2, 10-11]. In this paper, the Monte Carlo 

generator is used to generate the random data from 

Matlab. This data then are used to obtain the 

reliability graph distributions for 2-parallel and 3-

parallel configurations. 

 

III. RESEARCH METHODOLOGY 
 

 
Fig 1. Research Methodology 

 

 
Fig 2. Flowchart of technical simulation 
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This research study is proposed to explore the 

reliability and maintainability of the potential 

modelling concept using simple representations. For 

each subsystem in both parallel configurations, the 

MTBF is obtained for 6 months, 2.5 years, 3.7 years, 

4.5 years and 5 years. For each MTBF, the reliability 

curves are shown for both 2-parallel and 3-parallel 

configurations. The plausible numbers are created for 

the purpose of providing data to analyze. The reason 

why the real data were not used is because of the 

confidentiality and availability of the earth station 

system data.  The secondary data were acquired using 

Monte Carlo generator from Matlab to generate 

random numbers to obtain the reliability and 

maintenance time. Figure 1 depicts the flowchart of 

the research methodology. These include, identifying 

the definition and causes of failure that usually occur 

in the earth station system. The previous reliability 

models and the proposed maintenance activities are 

also compared. The list of problems normally occur 

in the ground station system are explored and the 

most prominent problem is identified. The identified 

problem is then addressed using maintainability 

techniques. The suitable reliability model and the 

suitable maintenance activities are proposed. By 

using Matlab, the simulated results are obtained and 

shown. Figure 2 illustrates the flowchart of the 

technical simulation to determine the reliability by 

using Monte Carlo generator. The technical 

simulation produces output for the failure and repair 

activities. The technical simulation is the key of this 

research purpose, which is used to analyze the 

reliability of ground station systems in 2-parallel and 

3-parallel configurations over time. 

 

IV. RESULTS AND DISCUSSION 

 

The reliability curves are obtained from the analysis 

by using random numbers generated in Matlab and 

the MTBF of 6 months, 2.5 years, 3.7 years, 4.5 years 

and 5 years. In both parallel configurations, the 

highest reliability value obtained is from MTBF of 5 

years. The results are illustrated in Figure 3 and 

Figure 4. Figure 3 shows the reliability graph of 

satellite ground station system in 2-parallel 

configuration with 5 years of MTBF, which is the 

highest in this 2-parallel configuration. The graph 

starts at 0.94 of reliability. It is then decreased 

significantly as the satellite service year increases. At 

year 5, the reliability of the system is 0.47 which is 

nearly half of the reliability. The final value of 

reliability which is recorded at 20 satellite service 

year is 0.00. Figure 4 demonstrates the reliability 

graph of satellite earth station for 3-parallel 

configuration with 5 years of MTBF. This graph is 

the most reliable among all of the other results. The 

reliability of the first year of satellite service is higher 

than the one in 4.5 years of MTBF. It is then dropped 

to 0.80 at year 5 which is quite minimal in this case. 

At year 20 of satellite service, the reliability of the 

graph is 0.36. This reliability value is considered high 

as the system can still operate with higher than 30% 

of reliability. Based on the results, the reliability of 3-

parallel configuration with MTBF of 5 years shows 

the highest reliability. 

 

 
Fig 3.  The reliability graph of 2-parallel configuration with 

MTBF of 5 years 

 

 
Fig 4.  The reliability graph of 3-parallel configuration with 

MTBF of 5 years 

 

A. Reliability Modelling of 3-parallel of Earth 

Station System 

 

Based on the analysis, the highest reliability that we 

can obtain from the results is from the 3-parallel 

configuration with MTBF of 5 years (the measured 

reliability). Thus, a new modelling of 3-parallel 

configuration is proposed. The comparison graph 

between the new reliability modelling and the 

measured reliability is illustrated in Figure 5. 

 

 
Fig 5. Reliability of measured and new model 
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The new reliability model graph shows nearly similar 

graph pattern as compared to the measured reliability. 

The graph of the new reliability modelling shows a 

smooth curve from year 1 to year 20. The reliability 

formula of the new reliability model is: 

 

y = 1.0289e
-0.051x

                   (4) 

The comparison between the new reliability model 

and the 3-parallel configuration is tabulated in Table 

2. The percentage fractional error and the Root Mean 

Square (RMS) error are also tabulated. The 

percentage fractional error, f  is a powerful tool to 

measure model performance [9]. The f  and RMS 

error can be obtained by using the equations as 

follows: 

 

 
The value of f is in positive value if the new 

reliability model has higher reliability as compared to 

the measured reliability value, which is in year 6 to 

year 15. The RMS error for this comparison results to 

5.20%. 
 

 
TABLE 1. Reliability data comparison between measured and 

new model with their RMS errors 

B. Validation of The New Reliability Model with 

Kuldeep Reliability Model 

 

The proposed reliability model is compared with the 

Kuldeep reliability model [10]. The graph of the new 

reliability model is plotted together with Kuldeep’s 

model [10]. Moreover, the fractional percentage 

errors and RMS errors are calculated for both of the 

models. Based on Figure 6 and Table 3, it can be seen 

clearly that Kuldeep reliability modelling has higher 

reliability values throughout 20 years of satellite 

service as compared to the new modelling created in 

this research study. Thus, it results positive values of 

percentage fractional errors from year 1 to year 20. 

The RMS errors value is 20.04, which is still 

considered as low. 
 

 
Fig 6. The new reliability model and Kuldeep reliability model 

 

 
TABLE 2 The new reliability model and Kuldeep reliability 

with their RMS errors 
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C. Proposed Maintenance Activities 

 

The list of equipment that needs to take into 

consideration in choosing the best maintenance 

activities are identified. Also, the operation and 

maintenance requirements suggested has been 

investigated.  Table 4 depicts some of the operation 

and maintenance requirements for the functional area 

or subsystem in the earth station as well as the 

maintenance activities.  According to Table 4, the 

best maintenance activities that need to be done on 

every equipment listed is based on the situation. The 

replacement part is done when the subsystem has 

failed to function. The maintenance activities listed 

must be done periodically. 
 

 
TABLE 4 The proposed maintenance activities 

 

V. CONCLUSION 

 

The reliability of the ground station system using 2-

parallel and 3-parallel configurations were analyzed 

based on the MTBF of 6 months, 2.5 years, 3.7 years, 

4.5 years and 5 years. The 2-parallel configuration 

has 2 redundancies of each subsystem, while the 3-

parallel configuration has 3 redundancies in every 

subsystem. The reliability curves obtained showed 

that a system with higher MTBF results to a high 

reliability value. The highest reliability among all the 

analysis results is from 3-parallel earth station 

configuration with MTBF of 5 years. At year 1 of the 

satellite service year, the reliability value is 0.98 and 

at year 20, the reliability value is 0.39. Then, a new 

reliability model is proposed in order to improve the 

reliability of the 3-parallel ground station system 

configuration. The reliability graph of the new 

reliability model is higher than the measured 

reliability graph which gives the RMS error between 

them is 5.20%. The highest percentage fractional 

error is at year 14 with the value of 7.69%. The new 

reliability model is then compared to Kuldeep 

reliability model and the RMS error is 20.04%. The 

Kuldeep reliability model is higher than the proposed 

reliability model and hence can be improved in 

future. For this research study, the secondary data 

were used (means we created our own data) using 

Monte Carlo generator due to data not being available 

for security reason. Therefore, the next step that 

needs to be carried out for this research study is to 

obtain the real measured data to analyze and propose 

a new model based on the measured data. Then, 

different measured data are to be obtained from 

different earth station systems. This is crucial in 

developing a sturdy reliability model which can be 

used widely across the globe. 

 

REFERENCE 

 
[1] B. S. Blanchard und W. J. Fabrycky, Systems Engineering 

and Analysis, Pearson Education, 2011. 

[2] K. A. Hoque, O. A. Mohamed and Y. Savaria, "Towards An 

Accurate Reliability, Availability and Maintainability 
Analysis Approach for Satellite Systems Based on 

Probabilistic Model Checking," in Design, Automation & 

Test in Europe Conference & Exhibition (DATE), Canada, 
2015.  

[3] M. L. Ayers, Telecommunications System Reliability 

Engineering, Theory, and Practice, John Wiley & Sons, 2012. 
[4] M. Azriel, "A Lull in Solar Activity as Old Satellite Prepared 

to Monitor Space Weather," Space Safety News, 2013. 

[5] J. N. Pelton, S. Madry and S. Camacho-Lara, Handbook of 
Satellite Applications, New York: Springer, 2013. 

[6] B. S. Blanchard and W. J. Fabrycky, Systems Engineering 

and Analysis, Pearson Education, 2011. 
[7] B. R. Elbert, The Satellite Communication Ground Segment 

and Earth Station Handbook, London: Artech House, 2001. 

[8] C. Sugama, „Reliability, Availability, and Maintainability 
Forecasting for Newly Developed Satellite Communication 

Systems,“ American Journal of Engineering Research 

(AJER), 2018. 
[9] J. Wang und Y. Tian, „An Adaptive Reliability Prediction 

Method for the Intelligent Satellite Power Distribution 

System,“ 2018. 
[10] K. Nagiya und M. Ram, „Reliability Characteristics of a 

Satellite Communication System including Earth Station and 

Terrestrial System,“ International Journal of Performability 
Engineering, Bd. 9, Nr. 6, pp. 667-676, 2013. 

[11] J.-F. Castet und J. H. Saleh, „Satellite and satellite 

subsystems reliability: Statistical data analysis and 
modeling,“ Reliability Engineering & System Safety, Bd. 94, 

Nr. 11, pp. 1718-1728, 2009. 

 

 

 
 


