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ABSTRACT 

 

 

A ground network of communications satellite system is typically made up of Earth 
Station(s), Mission Operations Center (MOC), Science Operations Center (SOC), and the 
supporting infrastructure that connects them all. A ground network grows as more Earth 

Stations are added, which requires additional considerations to ensure that the MOC can 
communicate with all the Earth Stations in the network. It also requires continuous upgrade 

to provide a better reliability for a better performance. The improvements of  the reliability 
of a Geostationary satellite control Earth Station system can be accomplished via 
redundancies of the subsystems, multiple testing in the planning stage and selection of only 

the best components for its subsystems. Suitable maintenance activities from time to time 
also play an important role to prevent the cost blow out and any unwanted failures. Hence, 

the development of a new reliability model based on identified factors that caused calamity 
to the system was the main objective of this research. In addition, this research also aims 
to develop an operational cost model along with the suitable maintenance activities to 

enhance the robustness of the geostationary satellite control Earth Station system. The 
models were designed by applying Monte Carlo from MATLAB software. The reliability 

and cost data that were used for simulations was obtained from MEASAT. Based on the 
previous studies, configurations with more redundancies in the subsystem can affect the 
reliability performance, which can decrease the failure rate. At the end of this research, a 

new reliability model of an Earth Station system which was compared against 2-parallel, 
3-parallel, and 4-parallel configurations within the range of affordability (operational cost 

model) along with the suitable maintenance activities were proposed to enhance the 
robustness of the geostationary satellite control Earth Station system. The three elements 
consisting of the reliability model, suitable maintenance activities as well as the operational 

cost model were integrated together creating a sustainable framework. The obtained results 
showed that an Earth Station that was configured with the 2-parallel configuration provided 

the cheapest and optimum reliability system performance even though the 3-parallel and 
the 4-parallel configurations provided higher reliability. Consequently, the sustainable 
framework encompassing reliability and cost elements were modelled based on the 2-

parallel configuration together with the proposed maintenance activities. Furthermore, root 
mean square (RMS) values were also calculated for both the reliability and the operational 

cost models. The results demonstrated that the calculated RMS values for both new 
reliability and new operational cost models produced the smallest values of 20.84% and 
22.82% respectively. Therefore, the calculated RMS values for both reliability and 

operational cost models showed that the 2-parallel configuration fit to be applied in the 
Earth Station system design which contributes to the system design with acceptable 

reliability and most affordable cost.  
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 ملخص البحث

 

 

عادةً من محطة أو محطات أرضية، ومركز   تتكون الشبكة الأرضية لنظام الاتصالات عبر الأقمار الصناعية 
العمليات العلمية(MOC) عمليات المهام (SOC) ، ومركز  تربطهم  ، والبنية التحتية الداعمة التي 

الأرضية إلى توسع الشبكة الأرضية، مماّ يتطلب اعتبارات إضافية   جميعاً. وتؤدي إضافة المزيد من المحطات 
يتطلب ذلك ترقية  الأرضية في الشبكة. كما  المهام بجميع المحطات  اتصال مركز عمليات  إمكانية  لضمان 

ل موثوقية أفضل  لتوفير  ويمكن تحسينمستمرة  أفضل.  أداء  على  الأرضية  لحصول  المحطة  نظام  موثوقية   
خلال   وكذلك من  جديدة،  فرعية  أنظمة  إضافة  خلال  الموقع من  ثابتة  الصناعية  الأقمار  في  للتحكم 
الفرعية. كما أنّ أنشطة  أفضل المكونات فقط لأنظمتها  واختيار  الاختبارات المتعددة في مرحلة التخطيط، 

تلعب دوراً مهم من وقت لآخر  المناسبة  إخفاقات غير مرغوب  الصيانة  وأي  المغالاة في التكلفة  في منع  اً 
فيها. ومن ثم، فإن الهدف الرئيسي لهذا البحث هو تطوير نموذج موثوقية جديد يعتمد على العوامل المحددة 
جنباً   تشغيلية  هذا البحث إلى تطوير نموذج تكلفة  إضافة إلى ذلك، يهدف  للنظام.  التي قد تسبب كارثة 

أنش مع  ثابتة  إلى جنب  الصناعية  للتحكم بالأقمار  الأرضية  نظام المحطة  متانة  لتعزيز  المناسبة  الصيانة  طة 
المحاكاة نظام  باستخدام  النماذج  صمّمت  وقد  برنامج  (Monte Carlo) الموقع.   في 
(MATLAB).   المحاكاة المستخدمة في عمليات  الموثوقية والتكلفة  بيانات  الحصول على  كما تم 
الصناعي إلى الدراسات السابقة، يمكن أن تؤثر التشكيلات   .(MEASAT) من القمر  واستناداً 

الفرعية على أداء الموثوقية، مما قد يقلل من معدل الفشل. وفي نهاية   المزيد من الأنظمة  التي تحتوي على 
مع تشكيلات محطات أرضية   هذا البحث، تم اقتراح نموذج موثوقية جديد لنظام محطة أرضية تمت مقارنته 
جنباً   التشغيلية(  )نموذج التكلفة  التكاليف  القدرة على تحمل  نطاق  ورباعية، ضمن  وثلاثية  ثنائية  متوازية 
الصناعية   للتحكم بالأقمار  نظام المحطة الأرضية  المناسبة، بهدف تعزيز متانة  مع أنشطة الصيانة  إلى جنب 

المكونة من نموذج الم  الثلاثة  العناصر  الموقع. وقد تم دمج  بالإضافة  ثابتة  المناسبة  الصيانة  وثوقية وأنشطة 
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إلى نموذج التكلفة التشغيلية، تم دمجها معاً لإنشاء إطار عمل مستدام. وقد أظهرت النتائج التي تم الحصول  
الموثوقية الأرخص   أداء نظام  قدمت  الثنائي  المتوازي  تكوينها بالتشكيل  التي تم  الأرضية  أن المحطة  عليها 

فقد تم والأمثل على الرغم   أظهرت موثوقية أعلى. وبالتالي،  الثلاثية والرباعية  المتوازية  من أن التشكيلات 
المتوازي   التشكيل  على  بناءً  الموثوقية والتكلفة  عناصر  الذي يشتمل على  المستدام  العمل  إطار  تصميم 

توسط التربيعالثنائي جنباً إلى جنب مع أنشطة الصيانة المقترحة. علاوة على ذلك، تم حساب قيم جذر م  
(RMS) قيم أن  النتائج  أظهرت  وقد  التشغيلية.  والتكلفة  الموثوقية  نماذج  من   (RMS) لكل 

قيم   أصغر  الجديدة أنتجت  التشغيلية  ونماذج التكلفة  الموثوقية الجديدة  ٪ و 20.84المحسوبة لكل من 
قيم22.82 لذلك، أظهرت  التوالي.  ٪ على   (RMS) الموثوقي لكل من نماذج  والتكلفة  المحسوبة  ة 

الأرضية، مماّ يساهم في  نظام المحطة  ليتم تطبيقه في تصميم  مناسب  أن التشكيل المتوازي الثنائي  التشغيلية 
معقولة  .تصميم النظام بموثوقية مقبولة وبتكلفة 
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CHAPTER ONE 

INTRODUCTION 

 

 

1.1 BACKGROUND  

 

Over time, communications satellite has been widely used in television, telephone, and 

internet applications, accommodating over billions of users across the globe. The 

satellite acquires uplink signal from a transmitting Earth Station which then re-transmits 

the amplified signal back to at least one Earth Station (Pelton et al., 2013). However, 

failures that lead to system abnormalities and breakdowns are to be expected. The 

improvements of the reliability of Earth Station system can be accomplished via 

redundancies of the subsystems, multiple testing in the planning stage and the selection 

of only the best components for its subsystems (Bouwmeester et al., 2022).  

 

Suitable maintenance activities of an Earth Station from time to time also play 

an important role to prevent any unwanted failures. Therefore, in this research, analysis 

of the Earth Station system reliability is proposed using Monte Carlo simulations from 

MATLAB software. The parallel configurations which indicate the n-redundancies 

respectively in the Earth Station system are applied to analyse the Earth Station system 

reliability. In this research, 2-parallel, 3-parallel, and 4-parallel configurations are 

analysed accordingly. Suitable maintenance activities were proposed based on the 

suitability of the Earth Station system. The results attained would then show the pattern 

of reliability between 2-parallel, 3-parallel, and 4-parallel configurations. On top of that, 

the obtained results are expected to show that the simulation of a configuration with 

more redundancies in the subsystem can increase the reliability performance, thus 

lowering the failure rate.  

 

Nonetheless, will the cost increase if redundancies increase? How can we attain 

the balance between the technical (reliability and operational) and cost? In addition to 
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ensure optimum operational cost allocation, suitable maintenance activities in the Earth 

Station must be performed once the satellite is launched.  

 

Hence, a new design of a sustainable framework that consists of a reliability 

model within the range of an affordable operational cost model along with the 

maintainability framework are proposed to enhance the robustness of a geostationary 

satellite control Earth Station system. The framework is ought to be capable to sustain 

the Earth Station system operating at its optimum. 

 

 

1.2 PROBLEM STATEMENT  

 

Each subsystem in the Earth Station system has its own failure rate. The failure rate is 

very important to indicate whether the subsystem works or fails throughout the 

designated mission. Therefore, the question of the reliability and maintainability of the 

system come into picture. How reliable is the Earth Station system and how is it 

maintained? The answer to this question is that the design for reliability in the Earth 

Station system is very crucial because it makes sure that the system runs smoothly 

without any disruptions. If the system fails, the suitable maintenance activities must be 

performed to confirm that the system is up and running steadily. 

 

In essence, a typical Earth Station is categorised into three core systems: 

computer control, baseband and RF/antenna (Ebadi, 2017). Based on the data retrieved 

from Malaysia East Asia Satellite (MEASAT) Satellite, it can be summarised that 

failure occurs in the RF subsystems which consist of antenna, uplink and downlink 

transmit chains. Thus, the design of Earth Station system reliability is crucial in 

ensuring that the operation service runs smoothly. This could be possible with higher 

redundancies involved in the system. 
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Apart from that, most existing reliability models designed by (Bouwmeester et 

al., 2022) and (Sugama, 2018), are too complex to understand. Hence, in this research, 

a simple but robust reliability model and suitable maintenance framework are proposed. 

Additionally, this research is also focused on the operational cost model which informs 

the system design expert whether the reliability model and the maintenance framework 

developed are worth to be spent or not. 

 

 

1.3 HYPOTHESIS 

 

It is hypothesized that by developing a simple but robust reliability model incorporating 

the failure rate of each subsystem in the Earth Station with a suitable maintenance 

framework, the breakdown of the Earth Station system can be avoided. Consequently, 

it also helps in optimising the cost allocation. Hence, these three elements (reliability, 

maintainability, and operational cost) constitute the sustainable framework which is 

proposed in this research. 

 

 

1.4 RESEARCH OBJECTIVES 

 

This research is focused on the Earth Station system configurations: 2-parallel, 3-

parallel, and 4-parallel indicate the n-redundancies respectively. Hence, the objectives 

of this research are: 

i. To identify the factors that contribute to the problems of Earth Station 

system failures that can cause cost blow up. 

ii. To develop a simple but robust reliability model of the Earth Station system 

based on which parallel configuration gives the highest reliability. 

iii. To propose preventive maintenance activities for Earth Station system. 

iv. To develop a suitable operational cost model which helps in setting an 

optimum cost allocation specifically in maintaining the Earth station system. 



4 
 

1.5 RESEARCH SCOPES AND RESEARCH DATA 

 

This research focuses on the development of a reliability model of a geostationary 

satellite control Earth Station system focusing on RF and antenna subsystems through 

MATLAB simulation by using the Monte Carlo generator. Furthermore, only the 

parallel configurations (2, 3 and 4) are included in the analysis of the reliability to 

develop a reliability model and the maintenance framework are proposed based on the 

development of the cost model. In terms of cost modelling, only operational cost is 

included. The operational cost consists of both operation and maintenance costs which 

was provided by MEASAT, but the exact amounts were concealed.  

 

 

1.6 THESIS ORGANIZATION 

 

This thesis is divided into five chapters. Chapter One elaborates on the introduction of 

the sustainable framework. Furthermore, it also discusses the problem statement, 

hypothesis, research objectives and research scopes and research data. Chapter Two 

describes the literature review of the geostationary satellite control Earth Station System 

and its related topics. Chapter Three explains the research methodology and how the 

research was conducted in detail. Meanwhile, Chapter Four demonstrates the results, 

modelling, and discussion. Finally, this thesis is concluded in Chapter Five in which it 

elaborates on the research contribution and future work that can be carried out to 

improve the existing research.  
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CHAPTER TWO 

LITERATURE REVIEW 

 

 

2.1 INTRODUCTION 

 

A satellite communication system is divided into two stations – Earth Station system 

and Space Station system. The Earth Station system is also known as a ground station 

system, consists of tracking, telemetry, and command system (Pratt & Allnutt, 2019). 

Whereas the Space Station solely consists of the satellites. The Earth Station system is 

mostly connected by a terrestrial network to the end-user terminal. Similarly, small 

stations known as Very Small Aperture Terminal (VSAT) are directly connected to the 

end-user’s terminal  (Maassen et al., 2017). Stations are categorised by their various 

size which depending on its traffic volume and type of traffic to be transported on the 

satellite link. One of its many applications includes Direct-to-Home satellite 

broadcasting or DTH for short (Rahim et al., 2022). The application functions as the 

widespread distribution of television signals from geostationary satellites to its many 

receivers like small dish antennas across the globe (Gandla, 2013). 

 

Although, certain stations can be both transmitter and receiver, there are a few 

that act as a receiver only or also known as TVRO (television receiver only) stations 

(Maral et al., 2020). The stations receive downlink signal for a broadcasting satellite 

system which is a system that distributes data or television signals. Figure 2.1 shows 

the typical architecture of an Earth Station for both transmitting and receiving, which 

consists of the user, terrestrial system, Earth Station, and the satellite. 




