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CHARACTERIZATION OF SIGNAL TRANSMISSION OVER INTEGRATED 
SATELLITE AND LI-FI NETWORK FOR HIGH-SPEED RAIL ENVIRONMENT 

IN TROPICAL REGION 
 

By 
 

P. M. KALAI VAANAN A/L MANIAM 
 

December 2021 
 
 

Chair  : Professor Aduwati Sali, PhD  
Faculty  : Engineering 
 
 
Malaysia High-speed railway (MyHSR) communications will become a key 
feature supported by intelligent transportation communication systems under the 
4th Industrial Revolution for On-The-Move (OTM) internet access. Congestion in 
the radio spectrum, big data bandwidth networking issues and requirement of 
smaller antenna sizes simulating greater interest in the underutilized Ka 
frequency band. However, transmission at these shorter wavelengths is greatly 
influenced by signal noise resulting in signal attenuation and decreased link 
availability. 
 

The main innovation is to improve the throughput and bandwidth load balancing 
between Ka-band High Throughput Satellite (HTS) space communication and 
heterogeneous hybrid Light Fidelity (Li-Fi) in tropic. In line with this, the objective 
is proposing of an approach of a Ka-band satellite signal attenuation expectation. 
The strategy also considering disabilities experienced during climate elements 
for tropical area and high portability situation on the High-Speed Rail (HSR) 
application. 
 

The second part of the thesis compromises network integration, by enhancing 
the throughput and handover performance on both Satcom and Li-Fi. The 
process involves designing the indoor hybrid Li-Fi channel model where there is 
an exploration on the feasibility of utilizing a half breed HTS satellite and Li-Fi 
network for OTM application. In the third part, this thesis takes advance steps by 
focusing in achieving better satellite-Li-Fi backhaul network integration for both 
On-The-Pause and On-The-Move developments. 
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The methods focused on this approach, supported with a novel experimental, 
Proof of Concept (PoC) and validation of a heterogeneous satellite-Li-Fi network. 
This is done by managing the bandwidth and throughput capacity under the 
Deep Packet Inspection (DPI) model. 
 

Finally, an analysis led, a reliable channel performance in tropical area for 
mobility application has been identify with an improvement of 19.52 % in overall 
receiving Packet Loss Ratio (PLR) including enhancement on the network 
throughput by 67.24% while carrying out DPI solution during unfavorable climate 
condition. 
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PENCIRIAN UJIKAJI PENYIARAN ISYARAT KE ATAS RANGKAIAN 
SATELIT DAN LI-FI BAGI TREN KELAJUAN TINGGI DI KAWASAN 

TROPIKAL 
 

Oleh 
 

P. M. KALAI VAANAN A/L MANIAM 
 

Disember 2021 
 
 

Pengerusi : Profesor Aduwati Sali, PhD 
Fakulti  : Kejuruteraan 
 
 
Komunikasi Tren Berkelajuan Tinggi Malaysia (MyHSR) akan menjadi ciri utama 
yang disokong oleh sistem komunikasi pengangkutan pintar di bawah Revolusi 
Industri ke-4 bagi aplikasi penggunaan internet dalam system (OTM). 
Kesesakan spektrum radio, saiz data yang tinggi and jalur lebar berserta 
penggunaan antena piring yang lebih kecil menarik minat yang lebih besar pada 
jalur diatas frekuensi Ka. Namun, penularan penghantaran melalui medium 
gelombang yang lebih pendek sangat dipengaruhi oleh gangguan yang 
mengakibatkan pelemahan isyarat dan penurunan kebolehsediaan. 
 

Inovasi utama penyelidikan adalah untuk mengekalkan kelajuan akses dan 
pengimbangan beban jalur lebar antara komunikasi ruang angkasa Ka-band 
Berkemampuan Jalur Tinggi (HTS) dan model saluran hibrid Li-Fi di kawasan 
tropika. Selaras dengan objektif, cadangan pendekatan strategi jangkaan 
pelemahan isyarat satelit Ka-band dengan mempertimbangkan kecacatan yang 
dialami semasa elemen iklim untuk kawasan tropika dan situasi mudah alih 
Kereta api Berkelajuan Tinggi (HSR). 
 

Integrasi rangkaian, dengan meningkatkan penyaluran daya pemprosesan dan 
prestasi pada Satcom dan Li-Fi, mengambil bagian kedua dalam merancang 
model saluran Li-Fi hibrid dalaman. Bahagian ketiga tesis ini mengambil langkah 
awal dengan menumpukan pada pencapaian integrasi rangkaian penghantar 
hala balik satelit-Li-Fi yang lebih baik untuk Aplikasi Dalam Statik (OTP) dan 
Aplikasi Dalam Perjalanan (OTM). 
 

Kaedah yang difokuskan dalam pendekatan ini, disokong dengan eksperimen 
novel, bukti terhadap konsep (PoC) dan pengesahan rangkaian heterogen 
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satelit-Li-Fi untuk membolehkan akses internet di mana-mana. Pemeriksaan 
Paket Dalaman (DPI) dilakukan bagi mengurus jalur lebar serta kapasiti daya 
pemprosesan yang tersedia. 
 

Akhirnya, dalam analisis yang dipimpin, pelaksanaan pengalihan yang dapat di 
identifikasikan di kawasan tropika untuk aplikasi mobiliti telah dikaitkan dengan 
pengurangan hingga 19.52 % dalam keseluruhan penerimaan Nisbah 
Kehilangan Data (PLR) mengingat peningkatan untuk daya pemprosesan 
jaringan sebanyak 67.24% ketika melakukan pengaturan DPI pada saat iklim 
yang tidak menguntungkan keadaan. 
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CHAPTER 1 
 

INTRODUCTION 
 
 
Malaysia is currently embarking towards smart cities by transforming to optimize 
the operation of the city for the better quality of life of the citizen. With the smart 
mobility for smart city policy objective under the 12th Malaysia Plan (2021 – 
2025), which focuses on moving up the economic value chain by attractive 
Malaysia's position as global Multimedia and ICT Hub. This has been taken an 
example of the smart city for smart mobility around the world such as 
Amsterdam, Barcelona, Japan, and SongDo in South Korea. With this direction, 
expanding the communication network to guarantee more reasonable access to 
information and services, including reinforcing data information security [1]. 
Thus, supportive by the direction of the National Broadband Initiative (NBI) 
implementation, Malaysia, with its far and wide application of advance 
technologies such as fibre optics, wireless remote transmission, digitalization, 
and satellite services, has fabricated one of the more advanced telecom 
networks in the country. Malaysia has a national objective (Table 1.1) to see the 
country positioned as a developed country globally by the year 2050 [2].   

 
 

With the burst in the development of the Internet and its usage in the most recent 
years (including during pandemic), individuals have much higher expectations of 
having the option to “ON” the Internet free of location/area. Towards smart city 
insights, rails and flights have been two areas where travellers have not ready to 
accomplish high-speed internet connections [3]. In the specific instance of trains, 
giving Internet access for on board travellers rails makes good business sense: 
Internet access for passengers can provide a revenue stream to the rail 
organization while pulling in more explorers. 
 
 
Table 1.1: Smart city functions under the 12th Malaysia Plan [2] 

 
Dimensions Function/Aspects 

Smart Mobility 

To Increase the efficiency of public 
transportation, accessibility, mobility of 
people and traffic management through 
intelligent traffic management in the city.  
Aspects:  
• Efficient road accessibility  
• Efficient public transportation  
• Non-motorized accessibility  
• Availability of ICT infrastructure 

 
 
 

For instance, a recent report in the United Kingdom found that 72% of business 
explorers were bound to utilize rails than vehicles or planes if Wireless Fidelity 
(Wi-Fi) access was accessible on rails or mobility service [3]. This study also 
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found that 78% of these business travellers would utilize Wi-Fi access if it was 
made accessible on rails [1]. In the case of freight rails, Internet access can allow 
for real-time or close to real-time tracking of freight-related events onboard the 
rail, conceivably decrease in insurance premium to the freight carrier. In addition 
to these advantages, broadband internet access on rails can likewise improve 
the safety of the rail by allowing all control information handed over to the master 
control room which dispersed service can be monitored, validated, and 
controlled. 
 
 
1.1 Research Motivation 
 
 
The congestion of the radio spectrum band under Ku-band is stimulating greater 
interest in the Ka frequency band (beyond 18GHz). Transmission of these 
shorter wavelength can be greatly influenced by atmospheric effects, sometimes 
resulting in signal attenuation and decreased link availability for On-the-Move 
(OTM) application.  
 
 
Signal and communication framework should work with extreme reliability under 
a wide scope of natural environmental conditions and should likewise withstand 
the interference effects produced by rail catenary power systems along the 
trackside. These systems are in generally large more unpredictable and 
expensive to be applied and maintain than those currently employed in 
nonelectrified dominion. 
 
 
Although remote wireless providers are deploying additional access 
infrastructure by methods of new cells (5G) and Wi-Fi end points, the limitation 
is turning out to be overuse of existing radio frequency (RF) range. This shows 
as contention, interference, and results in an expansion in latency and a 
decrease in system throughput is expected.  Additionally, in development nation, 
a “spectrum crunch” [1] is expected due to explosive growth in mobile 
communications. Again, when there are too many Wi-Fi users in the same area, 
the air band using which the signals are transmitted can get overloaded and 
keeps shifted in the frequency. 
  
 
To mitigate this issue, new way to realize larger potential capacity at the wireless 
remote link are required and optical technologies including Light Fidelity (Li-Fi) 
are excellent candidates. Besides a thorough understanding of these 
phenomena is required to identify propagation limitations of this frequency band 
and compensate for them is system design and planning.  
  
 
The research aspects and architecture take an advantage of both satellite 
networking and optical technology to implement a secure, reliable, and efficient 
network that meets today's requirements and provides the versatility to handle 
tomorrow's needs when network demand arise. Combining high throughput 
satellite (HTS) and Li-Fi is a new way of wireless communication that uses a Ka-
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band spot beam technology and light wavelength to transmit data wirelessly. 
Security would not be an issue as information data could not transfer without 
light. Thus, it can be used in high-security military areas where RF 
communication is prone to eavesdropping even cryptography is still being 
implemented. 
 
 
1.2 Problem Statement 
 
 
Ka-band HTS SatCom and Li-Fi has become an alternative technology to power 
the next generation of green wireless communications. However, the high 
attenuation of RF signals, Li-Fi technology complexities and implementation of 
the hybrid network are just exploited as a last resort or worst-case transport 
solution. Some key limitations of current platforms are the following: 
 
 

• The existing multi-regions analysis lack to precisely extract a unique 
performance of the signal quality effects during extreme weather 
impairments in tropical region mainly under Ka-band frequency [3]. 

 
• Satellite communication link require higher antenna gain when 2-way 

satellites connectivity is used. Current analysis are more focuses on very 
small aperture terminal (VSAT) type application for rail communication 
under tropical region [4] and provides unsecure trainset running at 300 
km/h.   

 
• Most of high-speed railway (HSR) communications classify into two main 

fundamental classes: Indoor and Outdoor [3] and the integration of both 
network as a single access network is still questionable [4]. This may 
cause link unavailability and data transmission losses between these 
two environments, with an absence of a typical case study and real-time 
measurement under the tropical region. 

 
• To the best of knowledge, real time link performance parameter analysis 

measurement for rail speed beyond than 100 km/h [4] is not available in 
Malaysia for HTS Ka-band and without the ability to understanding 
precisely how a specific signal will be impacted. 

 
• Li-Fi is composed to overcome the crowded radio spectrum. However, 

initiative towards commercialise deployment are still lacking behind and 
provides no room for new network technologies, algorithms, protocols, 
and link quality assessment to be rapidly introduced. Additionally, its 
nature of visible light transmission, typical case study and a real-time 
deployment in indoor HSR communication is limited.     

 
• Asymmetric channel: In the hybrid network system, the ratio of RF 

SatCom network to Li-Fi network throughput is ~ 1:40 [5]. Lack of well 
management network to determines that a specific line is congested 
without packet drop takes a different action, such as restricting some 
traffic. 
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In despite of those drawbacks, all the SatCom and Li-Fi communication domain 
specific constrains must be considered during real time link performance 
analysis. 
 
 
1.3 Objective 
 
 
The research aim is to achieve satellite to tropical land channel characterization 
and modelling for advanced technology on satellite communication systems that 
meet the dynamic of tropical weather conditions. More specifically, this research 
work will focus on below objectives. 
 
 

1. To analyze and propose an analysis model that can be utilized for the 
Ka-band satellite signal attenuation prediction strategy for tropical area 
and high portability situation on the minimum quality of service of High-
Speed Rail (HSR) communication. 

 
2. To design, simulate and analyze the attainability of indoor Li-Fi channel 

model and its execution into handover in a heterogeneous HSR network. 
 
3. To investigate, evaluate and validate the physical layer impacts towards 

OTM in real environments considering performance outcomes in the 
heterogeneous network and accuracy performance during handover 
using experimental measurements. 

 
 
1.4 Research Scope 
 
 
Next-generation Ka-band HTS, with added bandwidth, offers more choices for 
mobility industries such as HSR and OTM, which changes the way of legacy 
communication operates at. Due to the increase of usage of handhelds devices, 
this accelerates the demand on services of these devices in crowded places 
which have dramatically increased. Big data changes the way users access and 
demanding for cheap internet access solution. Conceivable numbers of Wi-Fi 
devices connected on the mobility system, create chances of interference with 
licensed bands networks, which threatens the safety and efficiency of mobility 
operations. A conceptual communication solution is designed to provide 
alternate offering in reducing the impact due to spectrum crunch. Solutions take 
advantage of both satellite networking and optical technology to implement a 
secure, reliable, and efficient network that meets today's requirements and 
provides the versatility to handle tomorrow's needs as they arise. This project is 
to stimulate and provide proof-of-concept (PoC) solution to ensure safe mobility 
operations by leveraging on Ka-band signal and the Li-Fi to ensure the users are 
always connected as shown in Figure 1.1.  
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Besides the research involves developing an alternative wireless technology in 
the contexts of satellite data broadcasting to help in realising the opportunistic 
benefits in bandwidth utilisation as well as providing fast and reliable wireless 
communications. Firstly, the feasibility study will be carried out on the Ka-band 
spot beam characteristic for mobility application comparing with the calculated 
margin. Secondly, the full model will be developed based on the Malaysian 
tropical weather condition. Finally, the entire set of communication design will be 
integrated with the new emerging technology, Li-Fi and experiments will be 
carried out in evaluating for closing the gap between theory and practice. 
 
 
There is also growing concern about security with radio-communication. Radio 
provides a blanket cover, under which anyone could sneak. Unsecured or ‘open’ 
networks are an eavesdropper’s paradise. 
 
 

 
 
Figure 1.1: Proposed rail communications architecture for HSR 
 
 
 
1.5 Research Contributions 
 
 
The Research contributions are listed as follows: 
 
 

• Investigate towards hybrid HTS Ka-band SatCom and Li-Fi network 
broadband connectivity under the tropical area with various weather 
conditions and different scenarios (e.g., power arch).  

 
• Providing a reference benchmark towards network performance and its 

improvement in terms of throughput and latency which will potentially 
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benefit the fast passed online-gaming application under the OTM 
service. 

 
• Faster implementation of HTS application comparing with complex 

terrestrial network under tropical geographical infrastructure is worth to 
be analyse and presenting new experimental measurement data for on-
board Li-Fi.   
 

 
1.6 Thesis Organization 
 
 
The thesis is structured with seven chapters (summarized under Figure 1.2); 
where the current section presented on the channel modelling characteristics 
and drawbacks with the motivation of the study. Besides that, a detailed 
statement of the problems included, without limitation of research scope and 
study module. The aim of the research and the objectives, before ending with 
the research highlights with a list of main contributions are also briefed. 
 
 

• Chapter 2 represent the literature review and its essential parameter 
involved in the study with a review of the previous works. This includes 
in depth analysis of the LMS channel characteristics towards the 
restrictions in the satellite transmission. The related background 
knowledge is firstly presented, including the fundamental concepts of an 
array antenna, HTS, Li-Fi networks, power line transmission and its 
impact towards radio frequency communications. It reviewed the 
literature that addressed SatCom and Li-Fi heterogeneous hybrid 
network with modelling for stationary and mobile terminals. 

 
• Chapter 3 focused in the element of material and methods used 

including the field trials that performed in the research study. The later 
part of the methodology includes the channel analysis techniques, 
experimental measurements including link budget analysis for stationary 
and mobile terminals, channel modelling, and SatCom and Li-Fi quality 
indication. 

 
• Chapter 4 address the framework design to qualify on the outdoor radio 

frequency under the high throughput satellite communication for HSR. 
This also discussed the implantation of one-way communication 
technique to extensively characterize the LMS and the limitations on the 
satellite transmission. 

 
• Chapter 5 address the framework design to qualify on the indoor Li-Fi 

communication and includes an overview of the end-to-end system 
architecture implementation for HSR. In this chapter, also covers a well-
known introduction to Li-Fi network, starting with a framework including 
the network structure, cell deployment, multiple access schemes, 
modulation techniques, illumination requirements and backhauling. 
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• Chapter 6 address the feasibility study on mobility management 
procedures via experimental proof of concept, mainly concentrating on 
handover under heterogenous hybrid satellite and Li-Fi network for 
ubiquitous internet access in a high-speed train environment. The 
drawback and availability of service is highlighted, and the 
corresponding modification to the heterogeneous SatCom and Li-Fi is 
discussed.   

 
• In Chapter 7, the conclusions of the research work including 

achievement were made, highlighted the limitation, and recommended 
directions are introduced for future studies. 

 
 

 
 
Figure 1.2: Brief methodology of study 
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1.7 Chapter Summary 
 
 
The thesis is aimed to enlighten readers with the latest communication paradigm, 
Radio Frequency (RF) and Li-Fi along with OTM application in tropic region. As 
a potential key enabling technology in hybrid communication, OTM possesses a 
few key qualities to ensure its success mainly in Malaysia. However, certain 
aspect of OTM hybrid implementation in tropical region is not clearly stated, and 
potential problems may arise from the dynamic Internet of Everything (IoE) 
environment. Network heterogeneity and diverse application requirement from 
the high number of connected Internet of Things (IoT) devices demonstrated the 
need for improvement on the Layer-1 of hybrid network. Subsequently, the main 
aim and objective of the study are specified. Once the contributions of the study 
are clarified, the basic thesis outlined is given. In the upcoming chapter, a 
detailed discussion of hybrid communication, including network architecture and 
the main challenges will be provided for recommendation for future study.   
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