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ABSTRACT 

DC-bias Optical Filter Bank Multi-carrier (DCO-FBMC) was used as a modulation 

technology compatible with Intensity Modulation/Direct Detection (IM/DD) that will 

provide a high data rate for visible light communication (VLC). The DCO-FBMC 

modulation is one of the most effective modulation techniques, but power consumption 

is the obstacle facing the current development. The FBMC modulation deals with 

Hermitian Symmetry to generate a real signal, which leads to higher power 

consumption. As well modelling the distribution of luminaires in VLC is challenging 

in terms of dark spots (especially in the middle and at the edges of the room), besides 

higher power consumption. Therefore, problem of using Hermitian symmetry was 

addressed using the complex signal out of the traditional FBMC modulation in the 

time domain by separating the signal’s real part from the complex signal. As a result, 

the real and imaginary parts are aligned, thus gaining a real FBMC signal. This 

proposed technique reduces complexity by 57%, leading to a reduction in power 

consumption. In addition, a unipolar technique was also proposed to treat the power 

consumption resulting from the use of DC bias, called Flip-FBMC. This method 

separates the positive part of the real FBMC signal from the negative part and then 

inverting and merging it with the positive part. Thus, a unipolar signal is obtained 

without using DC bias.  To address the problem of illumination distribution, a laser 

diode (LD) was used in two proposed scenarios, where scenario 2 was designed using 

five luminaires, while scenario 3 was designed with 13 luminaires using the optical 

FBMC modulation technique. The optimal semi-angle and FOV for each scenario 

improved the illumination distribution, power and SNR distribution. As a result, the 

power consumption was reduced by 13.1944% for scenario 2 and 18.75% for scenario 

3, respectively, compared to the previous scenarios.
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ABSTRAK 

 

Bank penapis berbilang pembawa pincang arus terus (DCO-FBMC) telah digunakan 

sebagai teknologi modulasi yang sesuai dengan modulasi keamatan / pengesanan 

langsung (IM / DD) mempunyai kadar data yang tinggi untuk komunikasi cahaya 

nampak (VLC). Modulasi DCO-FBMC adalah salah satu teknik modulasi yang paling 

berkesan, tetapi penggunaan kuasa adalah halangan dalam pembangunan semasa. 

Modulasi FBMC berasaskan simetri Hermitian untuk menjana isyarat nyata, yang 

membawa kepada penggunaan kuasa yang lebih tinggi. Selain itu, memodelkan 

sebaran cahaya dalam VLC juga mencabar dari segi bintik gelap (terutamanya di 

bahagian tengah dan di tepi bilik), selain penggunaan kuasa yang lebih tinggi. Oleh 

itu, masalah menggunakan simetri Hermitian tedah ditangani menggunakan isyarat 

kompleks daripada modulasi FBMC tradisional dalam domain masa dengan 

memisahkan bahagian isyarat nyata dari isyarat kompleks. Akibatnya,  bahagian 

isyarat nyata dan khayalan diselaraskan, dengan itu isyarat FBMC nyata diperolehi. 

Teknik yang dicadangkan ini mengurangkan kekompleksan sebanyak 57%, membawa 

kepada pengurangan penggunaan kuasa. Di samping itu, teknik ekakutub juga 

dicadangkan untuk mengurangkan penggunaan kuasa yang disebabkan oleh 

penggunaan pincang DC, yang dipanggil Flip-FBMC. Kaedah ini memisahkan 

bahagian isyarat positif nyata FBMC daripada  bahagian negatif dan kemudian 

menyongsangkan dan menggabungkannya dengan bahagian positif. Oleh itu, isyarat 

ekakutub diperoleh tanpa menggunakan pincang DC. Untuk mengatasi masalah 

sebaran cahaya, diod laser (LD) digunakan dalam dua senario yang dicadangkan, di 

mana senario 2 direka menggunakan lima lampu  dan senario 3 menggunakan 13 

lampu mengunakan teknik modulasi FBMC optik. Sudut separa dan FOV yang 

optimum untuk setiap senario meningkatkan sebaran pencahayaan, kuasa dan SNR. 

Hasilnya, penggunaan kuasa telah dikurangkan sebanyak 13.1944% untuk senario 2 

dan 18.75% untuk senario 3 berbanding senario sebelumnya. 
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CHAPTER 1  

INTRODUCTION 

1.1 Introduction 

Extensive development in the utility of transportable electronic devices in the field of 

communications has increased the demand for high capacity data. Cisco Visual 

Networking Index Feb 2019 recently predicted an increase tenfold in mobile traffic 

over the following five years, during the same time duration forecast growth of mobile 

carriers by only 9%. It is also known that more communication and information 

exchange takes place inside indoor such as houses and offices, i.e., the percentage of 

these communications is 70% (Cisco, 2019), where Figure 1.1 shown the development 

of the smart device.  

 

Figure 1.1: Smart device is used in the indoor environment 

(“Home Solution Wifi Devices Network Stock Photo - Download Image Now - 

iStock,” 2011) 
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Figure 1.2 shows the growth in mobile traffic between 2017 and 2022, i.e., over 

five years, the global mobile data traffic rate in 2017 is 11.5 exabytes through a month 

in 2022, the data traffic is prospective an extent 77.49 exabytes a month annual growth 

of 47% (Bandwidth, Internet, Centers, & Market, 2022). Because of this rapid growth 

the spectrum of wireless communication may be saturation which in turn has led to 

bottlenecks in wireless carriers, and this requires the development of wireless 

communication model (Ergul, Dinc & Akan, 2015). To cop spectrum bottlenecks, 

choices are abundant including Optical Wireless Communications (OWC), comprising 

the three ranges of (UV), infrared (IR), visible light (Hany Elgala, Raed Mesleh, 2011).  

 

Figure 1.2: Global data traffic from 2017 to 2022 (in Exabytes per year) 

(“https://www.statista.com/statistics/271405/global-mobile-data-traffic forecast,” 

2018). 

One of the potential future communications networks is Visible Light 

Communication (VLC) which is complementary to radio-based wireless technologies 

based on radio frequency (RF) (Zafar, Bakaul, & Parthiban, 2017). VLC provides high 

speed given the light spectrum of the largest spectrum of the radio spectrum by 10000 

times. VLC uses lighting fixtures that operate with solid-state light technology (SSL) 

(light-emitting diode (LED) or laser diode (LD)). SSL is the source of the most energy-
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