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ABSTRACT 

Over the last decade, optical wireless communication (OWC) has attracted a lot of attention. 

OWC is seen as an alternative as well as a promising interdependent communication 

approach to the traditional radio frequency (RF) approach, which uses a controlled and 

licenced electromagnetic spectrum band spanning 30 kHz to 300 GHz [1]. There are crises 

arising within the RF spectrum as a result of an exponential expansion in wireless data traffic 

and smart mobile devices. This rise causes a spectrum crisis, resulting in congestion and low 

maximum data rates compared to OWC. Due to the advantages of Visible Light 

Communication technology over conventional lighting technologies, the use of LED 

technology has increased in recent years. One of these advantages is its potential to quickly 

switch on and off, allowing data to be transmitted using light as a channel. This project's 

designed transmitter and receiver are tested in simulation with the software OptiSystem for 

the optical part and Proteus for the electrical part, and the prototype is then produced. 

Different types of electrical modulator, different distance of FSO Channels and different 

numbers of LED will be tested in the OptiSystem simulation. Both the transmitter and 

receiver units will also simulated in Proteus. Arduino Nano is used to create the final 

prototype for the optical and electrical parts. The project's findings were analysed and 

compared. The constructed VLC system has been tested in two conditions. First is by varying 

the distance between transmitter and receiver units. The second condition is by varying the 

illumination intensity of LEDs. To be conclude, the higher the number of LEDs used for 

data transmission and the closer the distance between transmitter unit and receiver unit, the 

better the performance of the system. 
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ABSTRAK 

Sepanjang dekad yang lalu, komunikasi tanpa wayar optik (OWC) telah menarik banyak 

perhatian. OWC dipandang sebagai alternatif dan juga pendekatan komunikasi saling 

bergantung yang menjanjikan kepada pendekatan frekuensi radio tradisional (RF), yang 

menggunakan jalur spektrum elektromagnetik terkawal dan berlesen yang merangkumi 30 

kHz hingga 300 GHz [1]. Terdapat krisis yang timbul dalam spektrum RF sebagai hasil dari 

pengembangan eksponensial dalam lalu lintas data tanpa wayar dan peranti mudah alih 

pintar. Kenaikan ini menyebabkan krisis spektrum, mengakibatkan kesesakan dan kadar data 

maksimum yang rendah berbanding OWC. Oleh kerana kelebihan teknologi Komunikasi 

Cahaya Terlihat berbanding teknologi pencahayaan konvensional, penggunaan teknologi 

LED telah meningkat dan bertambah sejak beberapa tahun yang lalu. Salah satu 

kelebihannya adalah potensinya untuk menyala dan tidak menyala secara berkelip dengan 

pantas, membolehkan data dihantar melalui cahaya sebagai saluran. Pemancar dan penerima 

projek yang dirancang ini diuji secara simulasi dengan perisian OptiSystem untuk bahagian 

optik dan Proteus untuk bahagian elektrik, dan prototaip kemudian dihasilkan. Pelbagai jenis 

modulator elektrik, jarak Saluran FSO dan bilangan LED yang berlainan akan diuji dalam 

simulasi OptiSystem. Kedua-dua unit pemancar dan penerima juga akan disimulasikan di 

Proteus. Arduino Nano digunakan untuk membuat prototaip akhir untuk bahagian optik dan 

elektrik. Penemuan projek ini telah dianalisis dan dibandingkan. Sistem VLC yang dibina 

diuji dalam dua keadaan. Pertama, mengubah jarak antara unit pemancar dan penerima. 

Syarat kedua ialah dengan mempelbagaikan keamatan pencahayaan LED. Kesimpulannya, 

semakin tinggi bilangan LED yang digunakan untuk penghantaran data dan semakin dekat 

jarak antara unit pemancar dan unit penerima, semakin baik prestasi sistem. 
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INTRODUCTION 

1.1 Background 

Lighting is on the verge of being fully restructured, thanks to the advancement of 

solid-state devices for lighting. This innovation brings with it plenty of benefits and 

opportunities that have the potential to turn the wireless communications industry for the 

better. Fluorescent lamps and incandescent are increasingly being replaced by solid-state 

LEDs. LEDs are ideal for their long lifetime, ability to turn on and off at a very high pace, 

low heat generation and high energy efficiency. A new communication technology known 

as Visible Light Communication (VLC) which has the ability to quickly switch between 

various levels of luminous intensity has given rise to a new communication technology. LED 

lamps are now being widely used for data transmission as well, thanks to this technology. It 

uses light pulses to transmit data and at the same time, it can also provide illumination for 

the users. 

Optical communication is a type of light communication in the range of the 

electromagnetic spectrum which are Infrared, Visible Light, and Ultraviolet Light that are 

used to transmit signals in the transmission system. All these systems that operate in the 

visible band are referred to VLC. VLC is a comparatively modern technology in the field of 

communication. To resolve the problem occurs in Radio Frequency (RF) technology such 

as radio interference from other services, this form of wireless communication is 

recommended. There are calamities occurring within the Radio Frequency band which are 

exponential growth in wireless data traffic and advanced mobile devices.  
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Recent standardization and development of various RF technologies are also 

insufficient to mitigate these ongoing problems. Optical Wireless Communication (OWC) 

is viewed as a replacement for traditional RF communication, which operates within a 

controlled and licensed electromagnetic spectrum band ranging from 30 kHz to 300 GHz. 

Meanwhile, the OWC spectral band is operating between 300 GHz and 30 000 THz and the 

best part is that it is free from regulation [1]. 

The major point behind this project is to modulate LEDs that send electromagnetic 

waves in visible light wavelengths so that devices in the same place, such as a room, can 

communicate. The transmitter and receiver units for the VLC system will be developed in 

this project. The prototype's performance will be evaluated by varying the gap distances 

between transmitter and receiver units and the illuminating strength by taking into account 

the attenuation effect caused by the factor of the environment. 
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1.2 Problem Statement 

Current wireless networking technology, which uses the Radio Frequency (RF) 

Spectrum, has many disadvantages and weakness, including distortion and high latency 

problems. The RF Technology is also lack of security because there is no privacy as the 

signal that transmit the data travels through solid surfaces and it can be interrupted 

momentarily [2][3]. The scramble for spectrum in RF wireless communication systems is 

increasing at an alarming rate on a yearly basis. This issue has lead to an increase in data 

traffic which is primarily caused by an exponential increase in communication devices. The 

global mobile data traffic is predicted to be increased more than sevenfold between 2017 and 

2022. Plus, in RF communication systems, power consumption is extremely high compared 

to the OWC technology [4]. 

It also gives side effects and negative impacts to the human being. Studies shows 

that the radio frequency has been found to have a negative impact on pacemakers that have 

been inserted into patients that have heart problem. The electromagnetic exposure has a high 

risk of causing the pacemaker to fail or even cease working. In addition, since the human 

brain is the most susceptible to radio frequency radiation, the whole nervous system of the 

elderly is potentially exposed to this radiated energy, resulting in neurological symptoms 

such as Alzheimer's disease, enzyme disorders, and free radicals that reduce brain 

metabolism [5]. 

Furthermore, the common VLC system employs a single LED, resulting in a small 

data coverage area in a compressed space such as a hall. Because of the lack of light and 

illumination, data transferred by a single LED is often restricted in space and has a shorter 

wavelength radius. 
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1.3 Project Objective 

The objectives of the project are written as belows: 

 To design and construct a Visible Light Communication system which 

consists of transmitter unit and receiver unit by using arrayed LED Technique 

as the light source. 

 To analyze the data transmission and performance of Visible Light 

Communication system under various conditions such as distance between 

transmitter unit and receiver unit and illumination intensity. 
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1.4 Scope of Project 

The scope of this project are as follows: 

 Construction and development of simulation/software and 

prototype/hardware both will be done which consists of transmitter unit and 

receiver unit. 

 In simulation, the electronic part will be designed using Proteus Software and 

the optical part will be analyzed and designed using OptiSystem Software. 

 Design will be tested in both hardware and software. The result of input 

inserted to transmitter and output from receiver will be compared for both 

hardware and software. 

 Once it has been accomplished, it will be further compared and tested under 

various conditions. The change of distance between transmitter and receiver 

unit and the change of level for illumination intensity will be analyzed.  

 Arrayed LED technique will be used as the light source in the transmitter. 

Meanwhile receiver will consist of Illumination Sensor. 
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1.5 Thesis Outline 

             The research effort on the development of a VLC system using arrayed LED 

technique for wireless connectivity using fundamental modulation method is separated into 

five chapters in this thesis. The second chapter will concentrate on the literature review and 

past research on wireless optical communication, VLC data transmission system, LED light 

characteristics, and photodetector. The technologies for wireless data transfer used by the 

past researchers are also explained and compared in this chapter. Next, the third chapter will 

explain about the methodolgy that will be used to complete the system in software and 

hardware step by step. The depiction of methods, knowledge, modelling, and implementing 

the VLC system into a modelling tool, as well as the constructions required, will be examined 

in this chapter. The analysis and discussion of approaches employing the proposed VLC 

system will be covered in Chapter 4, which will be supported by graphs and tabulated data. 

The thesis' primary conclusions are summarised in Chapter 5 and recommendations for 

further research are proposed. 




