
International Journal Of Electrical, Electronics And Data Communication, ISSN: 2320-2084  Volume-4, Issue-12, Dec.-2016 

LI-FI : A Potential Game Changer in the History of Data Transfer 

 

52 

LI-FI : A POTENTIAL GAME CHANGER IN THE HISTORY OF DATA 

TRANSFER 
 

1
PARTHA PRATIM SHOME, 

2
KAUSTUBH DUTTA 

 
1,2 School of Electronics Engineering, KIIT University, Bhubaneswar 

Email: 1shomepartha16@gmail.com, 2kdutta2511@gmail.com 

 

 

Abstract: Use of internet has increased tremendously among users to accomplish different tasks through wired or wireless 

network. With an increase in number of users, in wireless network, speed decreases proportionally. To focus on faster data 

transmission on the basis of wireless technology, light waves can be a game changer. Light Fidelity (Li-Fi) is one such 

technology based on this concept. Through illumination data can be sent through an LED light bulb in a way that human eye 

cannot keep track nor can follow due to super fast variation in the intensity. The idea pops out from the technology of simple 

infrared remote controls but far more powerful. This has a potential to sufficiently allow more desired users providing higher 

than 150 Mbps speed achievable through Wireless Fidelity (Wi-Fi) technology. The pioneering aim is to produce 10 Gbps 

through D-LIGHT by having a phenomenal amount of bandwidth as well as higher security over Wi-Fi which is already 

achieved under test conditions in the laboratory.  This is a giant leap to have a smarter planet where communication would 

evolve to provide internet access from street lamps to driverless vehicles that would interact and exchange data through 

headlights. Li-Fi is a perfect solution for a high density data coverage in wireless medium. 
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I. INTRODUCTION 

 

Acquaintance with internet has resulted in enhanced 

use of data intensive  applications  among mobile 

users. The outcome is now demand for high speed 

data rates. Wireless networks gets slower when there 

are many devices connected. A fast and an incredible 

data transfer in a secured network connection is 

difficult for a fixed bandwidth. A promising solution 

to this problem has turned out to be the use of Li-Fi 

technology. Li-Fi is the abbreviated term for Light 

Fidelity where the data transmission takes place 

through illumination by sending data through a Light 

Emitting Diode (LED) bulb. The intensity variation is 

done at a pace such that the human eye cannot keep 

track. Basically Li-Fi is the optical version of Wi-Fi 

and uses visible spectrum instead of the traditional 

Gigahertz range of radio waves for the transfer of 

data. It is also known as short-range optical wireless 

communication.  

 

The concept of "Wireless data from every light" was 

proposed by a German physicist, Harald Hass [1], in 

2011. He coined this bi-directional wireless 

technology as Li-Fi. Hass referred this technique of 

LED usage as Data light or D-light. According to 

Hass, the light can give data rates higher than 10 

Gbps which is much faster than our average 

broadband connection. The objective of Li-Fi is to 

increase data rates in wireless communication and to 

have better performance of networks especially for 

indoor networks using LED lamps [2]. LED, has 

many benefits such as low power consumption, small 

size, long life, low heat radiation. So they are used in 

numerous applications, like traffic lights, 

advertisement displays, indoor lighting equipment 

and so on. LED based Li-Fi can provide internet 

connectivity to users instead of using existing 

wireless technologies as it has many advantages such 

as no electromagnetic interference, easy installation, 

high data rate, secure data communication and low 

cost [3]. This technology based on LED will play a 

significant role in the next broadband wireless 

communication technology.  

 

To promote high speed wireless optical systems a 

number of industries came together in October 2011 

to form the Li-Fi consortium. The sole primary goal 

was to invent or bring in a change of the limited 

wireless electromagnetic spectrum. 

 

1. II. CONSTRUCTION OF LI-FI SYSTEMS 

  

Li-Fi mainly employs rapid light pulses to wirelessly 

transfer information , also known as visible light 

communication (VLC) [4]. VLC is a subset of 

Optical Technology, where the visible light is in the 

range of 390THz (750 nm) and 780THz (384nm). It 

uses an optical medium for the transmission of data 

through illumination. The important components of 

Li-Fi system include [5][6] :  

a) Transmission source that mainly includes bright 

LEDs 

b) Receiving element having good response to visible 

light like silicon photodiode 

 

Again the emitter block of a Li-Fi system consists of 

following components [7] : 

a) Bulb 

b) RF power amplifier circuit (PA) 

c) Printed circuit board (PCB) 

d) Enclosure 

 

http://ieeexplore.ieee.org/xpls/icp.jsp?arnumber=7453409&tag=1#ref_3
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The electrical lamp inputs and outputs are controlled 

by the PCB. The microcontroller automates various 

functions of the LEDs in terms of brightness and 

intensity variations by executing the code that is 

dumped in it.  A Radio Frequency(RF) signal is 

generated by the solid state Power Amplifier and then 

fed along with the electric field of the bulb. The 

electric field‟s high energy vaporizes the contents to a 

state of plasma and this in fact is a source of intense 

light. This sub-assemblies (Fig. 1) are kept in the 

enclosure of aluminum. 

 
Fig 1.  Li-Fi Sub-Assembly 

 

The central core of the light fidelity technology is 

bright LED's. The sub-assembly consisting of the 

bulb forms the core of the Li-Fi emitter where the 

bulb is sealed and embedded in a dielectric material. 

This design theme of using the dielectric gives an 

advantage as the Radio Frequency (RF) waves 

transmitted by the power amplifier acts as a 

waveguide and the electric field‟s energy quickly 

warms up the inside material in the bulb to a state of 

plasma which in-turn becomes the source of full 

spectrum and high intensity of light. This approach 

helps in achieving high brightness, luminous intensity 

and excellent colour quality of emitter with an 

approximate value of 160 lumens per watt or 

sometimes may be more. On using a robust structure 

that typically doesn‟t degrade in comparison to usual 

tungsten electrodes and thereby giving a lamp life of 

30K+ hours. 

 

III. WORKING TECHNOLOGY 

 

The architecture of Li-Fi has LED bulbs and wireless 

device such as mobile phones, personal digital 

assistance (PDA), laptops. While designing Li-Fi 

following factors need to be taken into consideration :   

1. Direct Line of Sight 

2. Presence of Light (Visible spectrum)             

Fluorescent LED lamps or LED bulbs.          

3. Silicon Photo Diode 

 

The content that is being streamed needs to be 

perfectly integrated between client and server through 

an internet network so as to achieve a perfect working 

efficiency. The continuous switching on-off of the 

LEDs forms the basic binary logic. If digital '1' is 

transmitted the LED needs to be turned on and for 

digital '0' transmission the LED is turned off. To 

increase the longevity of the electronic system the 

LEDs are brought down to a lower intensity 

brightness for '0' transmission. 

 

A basic and simple working is followed. A light 

emitter or a light source (LED) on one end forms a 

basic transmitter and on the other hand we have a 

photo detector (Light Sensor) that behaves as the 

receiver. To register a binary '1' in the photo detector 

the LED needs to be turned on and for binary '0' the 

LED needs to be turned off. Since the system works 

on visible light communication (VLC), the time 

required for switching should be as fast so as to 

ensure the flickering is unnoticed to the human eye. 

To make a further enhancement, array of LEDs are 

used for parallel transmission of data or sometimes of 

different colours (Red, Green, Blue) as well as are 

flashed numerous times to build up message to 

achieve transfer rates in the range of 100 Mbps. A 

stream of encoded data are obtained on the basis of 

the flickering rate of the LED. The Li-Fi system 

block diagram is shown below (Fig. 2): 

 
Fig 2. Li-Fi System Block Diagram 

 

The variation of the flickering of LEDs are encoded 

to a different combination of 1's and 0's. An alteration 

of light frequency is done where each frequency is 

encoded to a different data channel. This kind of an 

advancement has a capability of realizing a promise 

of achieving a theoretical speed of 10 Gbps which 

would allow us to download a 1080p full high 

definition movie within a minute. Dramatic data rates 

and phenomenal bandwidths to accommodate huge 

number of users gives an upper hand to this 

technology. Li-Fi can even work in ocean and river 

waters, thereby opening a tremendous application in 

military and security systems.  

 

2. IV. STANDARDS USED BY LI-FI 

 

Like Wi-Fi, Li-Fi is wireless but uses VLC which has 

much wider bandwidth instead of radio waves used 

by Wi-Fi. The IEEE 802.15.7 standard for VLC is 

followed [8]. The physical layer (PHY) air interface 
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and the medium-access control (MAC) are both 

included in this standard. 

 

 
Fig 3. VLC frame structure 

 

At the PHY level, the VLC frame contains these 

elements: the physical header (PHR), synchronization 

header (SHR) and physical service data unit (PSDU). 

The SHR holds the topology-dependent pattern 

(TDP) and the fast locking pattern (FLP). These are 

needed to synchronize the incoming data flow and 

also to lock the CDR. Information related with the 

modulation, data length are contained by the PHR. 

The PSDU contains the MAC Header (MHR), that 

includes parameters of the MAC layer, such as 

control format fields and sequence number. A 

pictorial representation of the VLC frame structure is 

given in Fig. 3 [9]. 

The standard is being proposed related to Wireless 

Personal Area Networks (WPAN) for a variety of 

VLC applications [10].  The multiple access 

topologies are currently supported by MAC : peer-to-

peer, star configuration and broadcast 

mode. Management issues related to addressing, data 

acknowledgement, collision avoidance protocols is 

also handled by MAC. Division of physical layer is 

done into three types : PHY I, II & III, in the 

standard, and a combination of different modulation 

schemes are employed in these layers.  

PHY I: This sub layer is designed for low data rate 

outdoor applications with data rates in the range of 

12-267 Kbps. Modulation technique involves use of 

Convolutional and Reed Solomen codes. 

PHY II: This layer deals with moderate indoor 

operations with data rates in the range 1.25-96 Mbps.  

Reed Solomen codes are used for forward error 

correction, OOK or VPPM are used for modulation. 

PHY III: It is designed for applications where RGB 

sources and detectors are available.  It provides data 

rates in the range 12-96 Mbps. Again Reed Solomen 

codes can be used for forward error correction and 

this time CSK with 4, 8 or 16 colour constellations 

are used. 

The IEEE 802.15.7 standard is obsolete as it fails to 

consider the latest technological trends in the field of 

optical wireless communications. Specially with the 

use of optical orthogonal frequency division 

multiplexing (OOFDM) modulation techniques which 

have been effectively optimized for multiple access 

energy efficient data rates and high efficiency.The 

introduction of OOFDM means that a trend for a  new 

standardization of optical wireless communications is 

required. 

 

 
Fig 4. Layered Architecture of VLC 

3.  

4. V. DATA MODULATION SCHEME FOR  LI-FI 

 

1. On-off keying (OOK): In this modulation method 

data are transferred by making LED's on and off,  

where light on state represents a digital „1‟ and light 

off state represents a digital „0‟ (Fig. 5). This 

technique is easy to generate and decode. According 

to the 802.15.7 standard Manchester Coding is used 

to ensure the time period of negative pulses is same 

as that of positive ones. The disadvantage is that it 

doubles the bandwidth requirement for transmission 

of OOK. Spectrally efficient Run Length Limited 

(RLL) coding is used for higher bit rate applications. 

Dimming is supported by adding an OOK extension 

which adjusts the average output to the correct level. 

Fig 5. OOK Modulation Scheme using Manchester Coding 
 

2. Variable pulse position modulation (VPPM): In 

this modulation scheme data are encoded within a 

fixed time interval by using the pulse position. To 

distinguish different positions period of the pulses are 

kept long enough, e.g. a positive pulse at the 

beginning of the period followed by a negative pulse 

is used to represent a „0‟ , and similarly a negative 

pulse at the beginning followed by a positive pulse 

for „1‟. VPPM shows similarity with PPM but allows 

the pulse width to control light dimming as shown in 

(Fig 6). 

 
Fig 6. Schematic Mechanism for VPPM Dimming 
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3. Colour shift keying (CSK): CSK is used when 

illumination system uses RGB type LEDs. During 

communication, the average emitted optical colour 

and the total optical power is kept constant by using 

multiple light sources. The colour space and 

corresponding wavelengths (units are nm) are shown 

by the XY chromaticity diagram (Fig 7). Primary 

sources red, green & blue are mixed to produce 

different colours. The colours are then coded as 

information bits. This increases the transmitter and 

the receiver system's complexity. 

 
Fig 7. RGB LEDs that combines different wavelengths for CSK 

 

 

VI. ADVANTAGES OF  LI-FI 

 

The magic of this technology is achieved as it uses 

visible light that is present in abundant quantities in 

nature or in-fact something which is all around. Here 

the state of the art technology that is aimed at 

achieving transmission of information or data. The 

communication speed not only benefits the random 

browsing of pages in the internet but an ever-long 

desire to reach dramatic downloading rates. 

a) Capacity: The visible spectrum finds an edge over 

the normally used electromagnetic spectrum of the 

radio waves and has a greater bandwidth potential 

(approx 10,000 times). Theoretically or under 

laboratory test conditions it has shown fruitful results. 

The overloaded radio frequency spectrum thus can be 

avoided. 

b) Efficiency: The transfer of data from the source to 

the recipient is achieved at an almost zero collision 

free, distortion less and almost negligible bit loss per 

frame. The consumption of negligible energy has 

increased its importance. It reduces energy 

consumption 100 times by combining data 

communication and illumination. 

c) Availability: Internet connection can be made 

possible wherever there is a light source. Light is 

already available in huge amount thus can help this 

technology to be available to a great extent. Homes, 

offices have LED bulbs for lighting   purposes which 

can further be used for data transmission.  

d) Security: Li-Fi helps to enhance the security of 

wireless communication significantly. Light cannot 

pass through opaque materials and walls so data 

cannot be breached by a person in other room or 

buildings. Data theft becomes negligible as the 

working is completely based on direct line of sight 

and so it has achieved an addition of encryption layer. 

5.  

6. VII. APPLICATIONS 

 

There are vast applications and if implemented 

practically, every source of light can be used as a Wi-

Fi hotspot thereby having hotspot almost everywhere. 

1. Spectrum Allocations & 5G Ready: Increasing 

demands of cellular networks can be met with the 

adoption to Li-Fi networks. Having the advantage of 

the both the purposes of high speed wireless data 

transfer and lighting, Li-Fi is a perfect & an efficient 

technology for 5G generation and beyond next 

generation of networks. The visible light range which 

is in  the spectrum of electromagnetic waves is more 

than 300 THz, a stupendous unregulated resource of 

bandwidth can potentially be utilized in Li-Fi systems 

[11].  

2. Education: Li-Fi is the leading technology that 

improves the internet accessibility speed with high 

bandwidth. Hence educational institutes and 

organizations can use this technology for high speed 

internet accessibility, video conference, digital 

tutorial downloads and online learning.  

3.  Medical: Radio waves from Wi-Fi turn out to be 

hazardous in hospitals and other various health care 

sectors. Robotic surgeries, seamless consultation and 

interaction between doctors will benefit as exchange 

of ideas and new methodologies can be discussed 

over a seamless network. 

4. Under Sea Communications: Li-Fi finds an edge 

as light is very less absorbed than radio waves in 

water. Military advantage as under water 

communication of submarines can be efficiently done 

with fewer delays. The deep sea divers can use this 

technology for both lightning and data transfer 

applications simultaneously [12]. 

5. Hotspot Everywhere: Light sources being 

abundant like street lamps, vehicle lights, the setting 

up of high speed smart hotspots would be very easy. 

This can also turn out to be a handful mode in 

emerging smart cities for high speed data 

transmission. 

6. Applications in Difficult Areas: Li-Fi will offer 

an extremely safe connectivity in sensitive areas like 

petroleum refineries or core of a power plant as it 

doesn‟t have the danger of catching fire due to the 

interaction with the radio waves. Li-Fi can also be a 

cost-effective solution. 

7. Smart Vehicular Communication: Li Fi can be 

used for management of traffic, prevention of 

collisions and an Internet On the Go almost 

everywhere there by coming closer for the 

implementation of IOT (Internet of Things). 



International Journal Of Electrical, Electronics And Data Communication, ISSN: 2320-2084  Volume-4, Issue-12, Dec.-2016 

LI-FI : A Potential Game Changer in the History of Data Transfer 

 

56 

Vehicular headlights having LEDs will act as the 

transmitter to communicate with photo sensors 

receiver of close by vehicles and alert the driver in 

case of a probable collision [13].  

 

VIII. CHALLENGES 

 

The drawback or the barrier of this technology is that 

the signal's range is hindered or barricaded by any 

physical obstacles. It uses visible light and thus it 

cannot penetrate into walls and other opaque 

materials. So a constant line of sight needs to be 

maintained. This makes Wi-Fi enabled device fast 

and a better option for outdoors in comparison to Li-

Fi enabled device. As users nowadays remain hooked 

to internet all the time, so the bulbs and the tubes will 

need to be on even in the daytime and thereby 

unnecessarily wasting lot of power. Moreover 

without a light source internet cannot be used and 

hence locations and situations where Li-Fi can be 

used will get limited. External interference from 

sources like light bulbs, sunrays can cause 

disturbance in the communication [14]. 

 

CONCLUSION 

 

Li-Fi has the potential to fulfil the ever desire of 

humans to have incredible data & transfer speeds to 

almost every corner of the world. It has been felt to 

be the game changer as it uses light which in fact is 

among the most abundant source in our planet. The 

new technology is cheap, efficient and very easy to 

implement in a wide across basis. As it works purely 

on Line of Sight (LOS), it has both merits as well as 

de-merits. The merits being the technology being 

purely unhackable as it doesn‟t allow background 

access. However the demerits being the technology 

fails to survive if there is an obstacle between the 

LED source and the Silicon photodiode that acts as 

the receiver. Li-Fi which is purely under research 

testing environments with little practical 

implementations till now has a remarkable potential 

to transform the network theory and its analysis when 

it is implemented. The another advantage, would be 

that Li-Fi would be given to consumers at extremely 

low cost through its Internet anywhere model and 

would be the back bone of every smart city. Looking 

at its potential, we are not long away when actual Wi-

Fi routers would be replaced by the ones that would 

operate on the principal of LED‟s to achieve Li-Fi 

everywhere. 
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