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Abstract: The need for higher bandwidth and data transmission rates is ever increasing. With services like 
Netflix and Amazon Prime, users want to stream high definition video data remotely, while at work or 
while travelling. For users to have on-the-go connectivity, public Wi-Fi hotspots need to be installed at 
prime locations and on various modes of transport. Public wi-fi hotspots are quite insecure and it is easy 
for an attacker to snoop on your private information through a public hotspot. The other alternative is 
cellular data which can prove to be expensive. The concept of Light Fidelity (Li-Fi) is to piggyback existing 
wireless communication services onto the visible light spectrum which would include all the lighting 
equipment we use for our daily needs. Data would be transferred over visible light which has potential 

benefits including an increase in speed, a higher degree of security, a lower degree of network 
congestion and other benefits which are discussed throughout this paper. 
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I  Introduction 

 

As the world’s need for wireless data grows exponentially every year, radio waves (up to 300 GHz) may be 

tapped out by the year 2025 and we will have to look for other alternatives. Radio frequency (RF) communication 

already suffers from issues such as interference and delay. The concept of Visible Light Communication (VLC) is 

not a new. In fact, the invention of the photo-phone by Bell labs predates the transmission of voice over radio. The 

visible light spectrum (430-770 THz) is a relatively untapped range and hence has the potential of supplementing 

and offloading the work of RF systems as we know today. Fiber optics and lasers are promising areas of optical 

communication, however, here we discuss the use of LEDs to enable short range wireless communication, data 

transfer and the potential to be seamlessly connected to the internet simply through light waves. 

Due to the physical properties of LEDs, they are a suitable choice for transmitters in this system. Information is 

encoded in the intensity of the emitted light while the actual phase and amplitude of the light is not modulated [2] 

Techniques such as on-off keying (OOK), pulse-position modulation (PPM), pulse-width modulation (PWM) can be 

applied [4]. As the modulation speeds are increased, however and these schemes begin to suffer from the undesired 

effects of inter-symbol interference (ISI). Hence, a more resilient technique such as Orthogonal Frequency Division 

Multiplexing (OFDM) is required. OFDM allows adaptive bit and energy loading of different frequency sub-bands 

ac-cording to the communication channel properties [3] . This leads to optimum utilisation of the available 

resources. 

Data rates in excess of 1 Gbps have been reported using phosphor-coated white LEDs [4], and rates of 3.4 Gbps 

have been demonstrated with a red-green-blue (RGB) LED [4]. However the internet will still come into house-

holds through phone lines or fiber optics which will drastically reduce real-world speed. Some countries have 

already begun adopting this technology for both indoor short range communication and outdoor wide coverage 

areas. As bulbs will be used as both the light source and the medium of communication, the cost of electricity will 

go down as compared to RF [2] . Due to the properties of light, ISI can be limited thereby offering a higher degree 
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of security, as light waves cannot penetrate objects or walls [3]. Because of this, someone outside the range of the 

light source will have no access to the information being transferred in that range. 

 

II  Literature Review 

 

In today’s world a few major factors that fuel the demand of visible light communication and Li-Fi is their 

technological superiority over Wi-Fi. It will also lead to an increase in adoption in industries such as retail, 

healthcare, aviation, defence and security[2] 

Sandip Das, Mr. Ankan Chakraborty, Debjani Chakraborty and Sumanjit Moshat elaborated their approach in 

implementing a system to demonstrate visible light communication. The project model developed by them consisted 

of light emitting diodes used for transmitting data and a light dependent resistor as the receiving component. The 

cost of developing their system was relatively low because they used simple electrical components. The system was 

capable of sending and receiving text based binary data and used Arduino and Mat-lab to process signal data. They 

also integrated certain unique algorithms for the same to help them process textual string data into raw binary. The 

only limitation of their system was that it could only transmit or receive up to 18 characters of data over a maximum 

range of 6 centimetres. They stated that VLC is very secure and is capable of producing high transmission speeds[3] 

A Scotland based research company named Pure Lifi, believed that it was time to revolutionise the way we 

communicate. They believe the world is ready for LiFi based technologies. They have an extended line of products 

that offer bi-directional and full duplex mode of communication with the internet through the visible light spectrum. 

Their products offer a high level security and transmission speeds. Their connectivity model includes putting many 

ac-cess points in tube lights and having a special transceiver module attached to any third party mobile phones; or 

having their own special mobile phones with pre-installed receiver, transmitter modules connect to the internet with 

these access points which are indirectly connected to the routers and switches in the household environment.[1] 

 

III  System Model 

 

Our basic system model consists of a transmitter circuit and a receiver circuit. Our system cycle involved two 

major modules which facilitated different modes of data transfer. We first aimed to transfer sound waves and then 

moved on to digital transfer of text from one computer to another. LEDs work well in this scenario as they have a 

fast switching property - they can be switched on and off at a rate imperceptible to the human eye. 

 

A. Simplex Analog Audio Signal Transfer  
 
 
 
 
 
 
 
 
 
 
 
 

 

FIG. 1 Abstract view of Audio Signal Transfer Module 

 

Fig 1 shows a system where the analog signal is an audio signal from a mobile phone. It is fed to the 

transmitter circuit which transfers the data through the LED using OFDM. On the receiving end, the solar panel 

collects the signal and the audio is played back using a pre-amped speaker. The pre-amped speaker is needed to 

boost the signal received by the solar panel. 
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B. Simplex Digital Data Transfer  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

FIG. 2 Abstract view of Digital Data Transfer Module 

 

 

Digital unidirectional data transfer is performed using an Arduino. The com-puter sends data to the 

Arduino through the COM port. The Arduino then converts the signal to light impulses based on the binary 

representation of the data. This is transferred at a baud rate of 38400 bps. These light impulses are transferred using 

a high-brightness 12V LED panel. On the receiving end, the Arduino has a photodiode which can demodulate the 

light signal and ex-tract the sent data. The circuit performs the extra task of filtering noise. The received data can be 

seen using the serial monitor. 
 

IV  Software and Tools 

 

A. Visual Studio 

 

Visual Studio is an integrated development environment software specially developed for Windows and 

Mac by Microsoft to aid and accelerate software development. The primary use of Visual Studio in our project was 

in development of a fluid graphical user interface which could talk with the end user and at the same time 

communicate with the underlying hardware seamlessly. Visual Studio’s added functionality of simulation and its 

support for C# programming makes it the ideal preferred development software because Arduino programming is 

also done on C#. [1] 

 

B. Arduino IDE 

 

Arduino’s own integrated development environment is an open-source software which makes it very 

convenient and easy to write code for your Arduino and upload it onto your appropriate hardware. The IDE is 

compatible on all the major operating systems like Windows, Mac, Linux. Arduino programming is done in C# 

programming language. Arduino hardware is special unique contracts that we learn, which help us in developing and 

loading complex programs onto the Arduino hardware circuit.[2] 

 

C. HyperTerminal 

 

HyperTerminal is a special terminal simulation software explicitly available to Windows, which is widely 

used to connect to another computer or networking device in order to get access to that particular device. Special 

situations where HyperTerminal is quite handy involves the remote access, control of devices which are too difficult 

to access locally.[3] 
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D. ExpressPCB 

 

ExpressPCB is a special software designed to enable very fast development of electronic schematics and 

printed circuit board layouts. The major advantage of using this is it solves major software and manufacturing 

problems for low cost as well as quick turnaround prototyping. This tool was extremely helpful in developing 

custom circuits for our modules.[4] 

 

V  Results  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

FIG. 3 Software - Graphical User Interface, Simplex Analog Audio Signal Transfer(left), Simplex Digital 
Data Transfer(right) 

 

 

VI  Future Scope 

 

For this technology to replace Wi-Fi transceiver modules that connect to the internet be brought under a standard 

protocol. Issues such as the range of communication and overall feasibility will also have to be dealt with. One can 

look into the implementation of a duplex system which allows transfer of photo and video as future work. 

 
VII  Conclusion 

 

The world has already started recognising the potential of this revolutionary technology in multiple settings. Light 
equipment will replace networking equipment and hence will improve energy efficiency. One of the main reasons of 
taking up this project was because of the security implications of Li-Fi. As light cannot penetrate walls, it is already 
more secure than Wi-Fi. We believe this can bring revolutionary change with the way the Internet works today and 
more so with recent advancements in IOT, wearable technology and the consumer’s need of on-the-go connectivity at 
all times. 
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