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Abstract 
To light up the world of technology, where wireless communication has 

bloomed to a great extend which requires a lot of data to be transmitted 

and received every fraction of the second a new era is coming. Electro-

magnetic waves i.e., radio waves are the main way to transmit wireless 

data but certain limitations are there because radio waves can only 

support less bandwidth because of compact spectrum availability and 

intrusions. Visible Light Communication (VLC) has come to take way 

those issues. The new technology Li-Fi which stands for Light-Fidelity is 

a new kind of wireless communication system which uses light waves as 

a medium instead of radio frequency electromagnetic waves. This pro-

ject presents an eco-friendly data communication system through visible 

light which consists of LEDs that transmit audio signals and sensor data 

to the receiver. A connection protection mechanism that co-operates 

with wireless network and visible light communication to achieve relia-

bility and performance overcoming the drawbacks from the pre-existing 

system is proposed here. 

                     

                                    Figure 1: Li-Fi Technology [1] 

 

Keywords: Light Communication, Li-Fi, VLC.  
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1 Introduction 
Visible Light Communication is an attracting technology in the research 

area worldwide. It combines illumination and communication which can 

be applicable in many areas in the smart world. Li-Fi is a technology 

where data is transferred through this illumination i.e. data is trans-

ferred through light emitting diodes which varies in intensity faster 

than, that can be followed by the human eye. In 1880’s the concept of 

data through visible light was brought up (Visible Light Communication 

(VLC)) saying that information can be transmitted through any use of 

visible light portion of the electromagnetic spectrum [2]. The term Li-Fi 

was first termed by Harald Haas, the chairman of Mobile Communica-

tions at University of Edinburgh in 2011.  

As the visible light cannot pass through the walls, the information is 

secured within the access area inside the room. So, it is a great ad-

vantage against being hacked and is much faster when compared with 

the Wi-Fi technology which uses radio waves that can be hacked at ease 

from outside. The data transmission by the visible light communication 

is represented by switching the LEDs on and off so fast i.e. within nano-

seconds. 

The basic process (fig 2) is the LED will flicker light when transmitting 

data and a photo detector will pick it up at the receiver side, and after 

amplification and processing the real information will be send to the 

devices. 

                          
 

                                       Figure 2: Li-Fi Process [1] 
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                                    Figure 3: Li-Fi Environment [1] 

 

More amounts of data can be sent through light because light waves are 

having a bandwidth 10,000 times more than radio-waves. Using visible 

light for communication also reduces the risk of being exposed to radio 

waves. This VLC protocol, used for communication can be applicable in 

places where the radio waves are restricted like, secured military prem-

ises, aeroplanes, in some research area premises, hospitals, etc.  
 

 

1.1 Overall aim 

The objective of this master’s thesis is to make a literature re-view of the 

Li-Fi technology understanding the various concepts in it and to devel-

op a system over-coming the drawbacks from the pre-existing system. 

The new proposed can be used in situations where a household has 

many appliances with audio output, giving good quality PCM stream-

ing and also by reducing the installation cost and environmental haz-

ards. 

1.2 Outline 

Chapter 2 illustrates few of the related paper works studied before 

getting deeper into the research of Li-Fi, in section3 the theory about the 

technology and the components used are described. Section4 describes 

the methodology and implementation of the project design, whereas in 

section5 it describes the result, advantages and limitations of this tech-

nology. In Section6 some of the future works are suggested and section7 

gives the conclusion. 
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2 Related Works 
A literature study has been done on some IEEE papers related to Li-Fi 

technology to get an outline on the research work done so far. Among 

the referred papers a few papers are cited here showing the inference in 

those papers. 

[3] This implemented two prototype, stereo and audio streaming meth-

ods utilizing VLC viz. Pulse code Modulation Streaming (PCM) proto-

type and MP3 streaming prototype. It was observed that system com-

plexity is low in PCM prototype when compared with that of MP3. For 

higher data rates the audio quality reached to an optimum level and also 

when the channel length is increased the audio quality drops to a mini-

mum level. In paper [4] they discussed about Power-line Communica-

tions (PLC), where power lines are used to medium of communications. 

Integrated system with PLC and VLC is a smart-way for broadband 

access for home networking giving low cost and efficient lightning. For 

receiving higher data rates in MHz, the PLC channel was simulated 

using DMT-QAM modulation scheme.  

About combining Li-Fi technology and Energy Wireless Sensor technol-

ogies for solving the energy feeding issues of energy harvesting sensors 

is discussed in [5]. The sensors could feed themselves by harvesting 

energy from the LED light and also they communicated each other 

using Li-Fi. This combination technology could bring great benefits and 

enable good features in the design of high performance buildings. [6] 

This paper is basically a literature view of Li-Fi technology they describe 

the working of Li-Fi, advantages of the technology and various future 

aspects of it.  

[7] This paper also reviews about Li-Fi technology’s applications, future 

expansion and working of the technology. It also states the advantages 

of using this technology over the other data transfer methods like (Wi-

Fi, Infra-red, and Bluetooth). A review of updates and progress in VLC 

is presented in this paper [8]. A Low complexity and low cost VLC 

application system which give high speed transfer rate is proposed. A 

Li-Fi or VLAN system with a bi-directional transfer of 100 Mb/s based 

on OOK modulation without a blue filter is obtained with a transmission 

distance of 1.9m. 
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3 Theory 
Here more about the project theories, comparison, components and 

materials used are discussed,  

3.1 Visible Light Communication (VLC) 

Visible Light Communication (VLC) or even called as Optical Wireless 

Communication (OWC) [8] is a communication method which uses light 

waves for transferring information from the transmitter to the receiver 

and which has a lot of applications and advantages. The earliest or first 

known application or invention using this technology was from Alexan-

der Graham Bell in 1880, when he developed a photo-phone which 

could transmit voice data over 200m using sunlight beam. The ad-

vantages of VLC are numerous; the main thing is its low cost compared 

to the other communication techniques. Having a wide range of unregu-

lated spectrum from 400-800 THz, gives a large communication band-

width for delivering data services. VLC guarantees high data security 

because of its narrow beam-width and line of sight limitations or re-

strictions, which protects the information from being dropped. 

                                          

       Figure 4: Showing Secured Data Communication inside a Room [1]                 

The most important factor to be considered for a light source in commu-

nication area is that the ability to turn on/off repeatedly. Information is 

transferred through light emitting diodes which vary in intensity faster 

than that can be followed by the human eye. When considering lifetime, 

power consumption, low energy wastage and tolerance to humidity 

factors, LEDs are more attractive than fluorescent tubes and incandes-

cent bulbs to be used for Li-Fi communication.         
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3.2 Theoretical Background of the Work 

Visible Light Communication is a foundation for many interesting 

communication applications having a lot of advantages. Now most of 

the research done on Li-Fi uses laser diodes and avalanche photodiodes 

as transmitters and receivers which are expensive. Here in this project 

we are using low cost LEDs and Photodiodes so as to make it cheaper. 

Pulse Code Modulation (PCM) streaming method is presented here for 

transmitting data [3]. In this technique 8 bit samples from a received file 

is extracted and is transmitted through VLC.  

The modulation scheme used is OOK (ON-OFF keying technique). For 

getting a spot light beam optical lens arrangement is used for the LED 

setup. A photodiode is use at the receiver side for capturing the light, 

which is reversed biased so as to get lower junction capacitance which 

leads to high response of photo-diode. There is a higher current generat-

ed when there is an incoming data stream. This current is fed to the 

trans-impedance amplifier which gets converted to a voltage. The out-

put from this is impedance-matched before feeding it into the serial – 

USB device. 

The system architecture for streaming data is that, the Pulse Code Mod-

ulation streaming software supports data with 8 bit samples at 22050 

sampling rate. After a data is read at the receiver side, the 8 bit values 

are read and written into the serial communication port. Then this data 

is transmitted to the transmitter module through the VLC link. Accurate 

detection of error of PCM samples (which is important to be achieved 

for robust audio streaming), can be ensured as we used 8 bit samples 

and have configured serial interface with 8 bits per sample. 
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                              Figure 5: Communication Network 

So as to avoid transmission of PCM parameters (like sampling frequen-

cy, sample size and no. of channels) [3] over the VLC link causing differ-

ent data parameters at both ends  the PCM parameters are hard-coded 

in the receiver side application and then play backed according to the 

coded parameters when receiving the PCM frames over the serial –USB 

interface. 

3.3 Communication Architecture 

The communication architecture is a combination of hardware and 

software sections,  

3.3.1 Hardware Section 

The hardware components are composed of Li-Fi Transmitter Module 

where LEDs (used as transmitters) and a Li-Fi Receiver Module and 

photodiodes (used as receiver) and a Universal Serial Bus Module for 

interfacing between hardware and software sections. The components 

used in this section are- Arduino Board(UNO R3)[12], LED, Step-Down 

transformers(230-12V), Voice Board, Relay Board, Bridge Rectifier, 

Temperature Sensor(LM35)[10], Speaker & Amplifier System, Li-Fi 

Transmitter / Receiver Unit Boards. 



Smart Home Based Li-Fi System 

Abraham Mathews 

3 Theory 

2017-09-14 

 

7 

3.3.1.1 Li-Fi Transmitter Unit Board [Used in transmitter module] 

This Li-Fi transmitter unit board is connected to a white LED, which is 

used for light communication. The below (fig 6) circuit is the design 

used for the Li-Fi transmitter. 

           

        Figure 6: Li-Fi transmitter circuit [15, Appendix C] 

This Li-Fi transmitter/receiver circuit is a pre-done circuit, which can 

modulate light with low frequency signals [Appendix C]. 

 

              

Figure 7: A LED light projector connected on top of the Li-Fi transmit-

ter circuit board  

3.3.1.2 Li-Fi Receiver Unit Board [Used in receiver module] 

This Li-Fi receiver unit board is connected to a photo diode for detecting 
the on and off states of the LEDs (data is transmitted as 1’s and 0’s). A 
photo diode is a light detector, which converts light energy into current or 
voltage.     
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                     Figure 8: Li-Fi Receiver circuit [15, Appendix C] 

 

                   

Figure 9: A photo diode connected on top of the Li-Fi receiver circuit 

board  

3.3.2 Software Section 

The software section produces a transmission ready binary data stream 

from the received data and it’s transmitted over a free space using the 

hardware section. So as to reduce the complexity of the communication 

to its least, a simple communication channel is used. The Pulse Code 

Modulation streaming software supports data with 8 bit samples at 

22050 sampling rate. The softwares used are Arduino Software (IDE) 1.0 

(For configuring the Arduino), CH341SER (Driver Software), Li-Fi 

Remote control software. 
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4 Methodology and Implementation 
 

4.1 Hardware Architecture Overview  

The basic block diagram of a Li-Fi Transmitter (fig 10) and Li-Fi Receiver 

(fig 11) is drawn below, 

Depending upon the information to be transferred, say like data or 

image from the PC, voice file recorded by using the voice board or 

temperature value from the temperature sensor is all transferred to the 

Arduino and then transmitted (fig 10).  

                           

                         Figure 10: Basic Block Diagram of Li-Fi Transmitter   

The information transmitted from the Li-Fi transmitter is received by the 

Li-Fi receiver (fig 11) and is amplified and sent to the Arduino. Then 

depending upon the information, the processed file is send to the corre-

sponding out, say like data or image is send to PC and a voice file is 

send to the voice playback connected to the speaker. 

 

         

                      Figure 11: Basic Block Diagram of Li-Fi Receiver   
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4.2 Purpose of This Project    

This project was reviewed to overcome some issues that were faced 

during the previous works, like communication range between the 

transmitter and receiver was low, due to prolonged use the chances for 

the system to get destroyed was high, the inference and noise of the 
signal was high, and reduce installation cost. 
 

4.3 Implemented design 

The design implemented in this project is described below, 

 

                 Figure 12: Implemented Design of Li-Fi Transmitter   
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                  Figure 13: Implemented Transmitter Module 

 

 

                     Figure 14: Implemented Design of Li-Fi Receiver   
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                   Figure 15: Implemented Receiver Module 

 

As described earlier, Visible Light Communications (VLC) system using 

light waves for data transmission is termed as Li-Fi system, there are 

two modules required for this system, 

1. A signal processing unit equipped with a light source [Li-Fi 

transmitter Module] (fig 12).  

2. A device with a photodiode capable of receiving light signals [Li-

Fi Receiver Module] (fig 14).  

A Driver software CH341SER is installed on both the PCs, then software 

used for remote control for Li-Fi modules is down-loaded on the PCs. 

Both the modules are then powered by plugging it into the 220V power 

outlet and are connected to two different PCs.  

In case of transmitter module connected to PC, open the downloaded 

folder ‘lifi remote control software’ and in it open the folder ‘LIFITEMP’, 

then click ‘t2s’, then click ‘set.exe’, once the setup is finished click ‘Pro-

ject1.exe’, then the serial monitor opens up and then choose the commu-

nication port where the module is connected to. Similarly, in case of 

receiver module connected to PC, do the same steps as above but in-

stead of clicking the file ‘t2s’ click ‘t2c’, finally a serial monitor also 

opens in receiver side and the port is selected. 
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Depending upon what to transmit i.e. voice or data, the relay board 

switches to the corresponding. Say for example, if voice is to be trans-

mitted the relay board switches to voice board and records the audio file 

and saves in the Arduino board and then sends it to the receiver end 

using the light waves. Once the photodiode detects the signal, which 

comes in form of 1’s and 0’s is amplified and processed and is send to 

the speaker. 

The invisible activity, on-off of LEDs enables data transmission using 

binary codes. When a LED is turned on its binary 1 and when it’s turned 

off its binary 0. LEDs give strings of 1s and 0s when they flicker on and 

off and so it’s possible to encode data in light by changing the rate of 

flickering. The data is received by a photo detector in the receiver mod-

ule and is converted back into original information. 

  

 

    Figure 16: Selection Process on the PC connected to the transmitter module 
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    Figure 17: Selection Process on the PC connected to the receiver module 

    

For a VLC light source a fluorescent or light emitting diode (LED) bulb 

can be used, but as a robust Li-Fi system requires extremely high rates of 

light output and least energy consumption, LED bulbs are most ideal for 

implementing Li-Fi. As LEDs are semiconductor light sources, they can 

amplify light intensities and switch rapidly. As a result, LED cells can 

modulate thousands of signals without being noticed by the human eye. 

The changes in light intensity from the LED light source are interpreted 

and converted into electrical current signal by the receiving photodiode 

device. Once the received electronic signal is demodulated, it is convert-

ed into continuous stream of binary data comprising of data, image, 

audio, sensor data and application information to be consumed by any 

Internet-enabled device. 

 In the data conversion section, the data is converted into bytes which 

make it, to be represented as a digital signal. It’s possible for encrypting 

data before conversion. The receiver section, which works depending on 

the photo diode used for detecting the on and off states of LED. The 

sequence is captured and generates the binary sequence of the received 

signal. In the last section, the data interpretation section data is convert-

ed into original form, and if encryption was done in the data conversion 

section, then it’s decrypted back. 
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5 Results 
A literature review was done on various papers and some drawbacks 

from the previous works [3] were almost solved.. It consists of transmit-

ter, free space channel and the receiver. In the receiver side, solar panel 

was to be used instead of the photodiode because a solar panel is having 

a larger surface area, which makes it better to target light easier and also 

makes its eco-friendlier and had reduced environmental hazards (but 

due to an issue with the ordered solar panel, a photodiode was used). 

The range of transmission was increased to 2metres from 20cm with 

lesser data loss. The installation cost is reduced. Sensor data, text data 

and voice files are transmitted successfully.  

 

 

           Figure 18: A Designed Li-Fi Communication System 
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Figure 19: Temperature (1) & Data (1) being transmitted through a Li-Fi 

Network 

 

Figure 20: Temperature (2) & Data (2) being transmitted through a Li-Fi 

Network 

 

5.1 Evaluation of PCM Performance 

A data volume was streamed for observing the data quality and packet 

loss for different channel lengths & data rates and noted the readings for 

each. 
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Figure 21: Received Percentage of PCM packets for different data-rates and 

varying channel length 

The above figure shows the percentage of PCM packets received with 

varying channel lengths for different data rates. It’s observed that when 

the channel length is increased the packet drop increases slowly and 

then drastically increases beyond 2m. An impact on data rates was also 

noted, as the data rate decreases the packet drop increases. When the 

data rate is 1Mbps and 800kbps there isn’t hardly any loss of packets but 

at 500kbps after a channel length of 1m packet drop starts. It was ob-

served that below 200kbps there weren’t hardly much error free packets 

received. The received power falls below the sensitivity of the photodi-

ode which causes the data loss beyond 2m.  
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Figure 22: PCM Data Quality for different data-rates and varying channel 

length 

In the figure above shows the quality of data packets received with varying 

channel length for different data rates. At 800kbps and above, the data stream-

ing is very good with good quality of data. It’s observed that the data quality 

reduces when the data rate is lowered. At a data rate of around 200kbps and 

below the data quality is very poor. 

 

5.2 Advantages of Li-Fi 

 Most bulbs can be able to transmit data, but transmission rate   

might vary. 

 There are no frequencies regulations. 

 It’s really secured comparing to Wi-Fi, as light rays cannot pene-

trate through walls. 

 Low cost installation  

 Environmental hazardless  

 



Smart Home Based Li-Fi System 

Abraham Mathews 

5 Results 

2017-09-14 

 

20 

5.3 Limitations of Li-Fi 

 Interconnection of different access points is not possible, so the 

transmission range has limitation. 

 It requires light of sight for transmission 

 It cannot penetrate through walls or other opaque objects, where 

radio waves can easily transmit. So, having a block between 

transmitter and receiver will affect transmission. 

 

5.4 Comparisons of Different Types of Communication 

Technologies 

A one word term used to describe VLC technology to high speed wire-

less communication is Li-F. Actually, the name Li-Fi came into existence 

reflecting the term Wi-Fi which uses radio waves for communication 

instead of light waves. Wi-Fi is considered great in wireless coverage 

within buildings, but Li-Fi gives high density wireless data service in 

confined area and resolves radio waves interferences issues. 

         

Table 1: Comparisons on Li-Fi and Wi-Fi Communication Technologies [13] 

The reason why Visible Light Communication is the best for commu-

nication is that [13], 
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 Gamma rays, Ultra-Violet rays, and X-rays are having strong ra-

diation, so choosing it will end up in serious human body issues. 

 Due eye safety regulations Infrared rays are also dangerous, so it 

can be used only with low power. 

 Radio waves are not as harmful as the other types of above radia-

tions, but are expensive and not so secured. 

 So light waves are the best that can be chosen, because it’s not 

harmful and it’s secured and gives high end speed for communi-

cation. 

 

                

Table 2: Comparisons on various Present and Future Communication Tech-

nologies [14] 
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6 Future Works 
Li-Fi is one of the growing technologies that is capable of standing 

against almost all the communication technologies. As light waves are 

used as the medium of communication, it can be applicable in areas 

where other communications technologies are limited or restricted. This 

can add to the smart world making it smarter, faster and easier, 

contributing in construction & industrial areas, medical fields, 

educational areas, etc. The Wi-Fi internet speed is limited in an 

aeroplane due to the disturbance that can be caused by radio waves, 

introducing Li-Fi technology can overcome the issue and improve the 

internet speed. As light rays can penetrate through water it can be used 

for underwater remote operated vehicles, [14] using it in automobiles 

can reduce the accident rate as they will be able to communicate each 

other. 
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7 Conclusions 
Li-Fi technology has a wide area of growing innovation which takes 

communication to a new era. This new kind of wireless communication 

system which uses light, presents an eco-friendly data communication 

system which consists of LEDs that transmit audio signals and sensor 

data to the receiver. The range of transmission was increased to 2metres 

from 20cms with lesser data loss. The installation cost has been reduced. 

Sensor data, text data, image file, and voice files are transmitted. RGB 

LEDs could be developed to transmit and receive a wide range of sig-

nals than white LEDs. If this technology can be given much importance 

and be made practical, then all the bulbs emitting light can be used as a 

Li-Fi hotspot to transmit data which will make our future brighter, 

greener and safer. Higher data rates can be achieved by using LEDs with 

multiplexing. VLC data rates can be increased by parallel data transmis-

sion, i.e., arrays of LEDs can be used where each LED transmits a sepa-

rate stream of data. Even though lights are required for transmission of 

data, it can be dimmed to a point where they are not visible to human 

eye, which will still be able to transmit the information. 

. 
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