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Abstract— Li-Fi technology is a milestone in the history of
wireless communication system. Li-Fi uses LED for
transmitting wirelessly, this method is also called Visible
Light Communication (VLC). VLC is globally recognized
technology where data can be transmitted faster securely over
short distances than radio frequencies/microwave
communication devices. The efficiency, durability, and
lifetime of light-emitting diodes (LEDs) have led to their use
in a variety of applications. In this paper, We propose a
complete model to transfer text, images serially from one PC
to another PC using Visible light communication, in which
transmitter transmits the encrypted data through visible light
and the receiver at the receiving end identifies the transmitted
data and decrypts it to retrieve the data sent.
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I. INTRODUCTION

The term Li-Fi was first used as recently as 2011 by engineer
Harald Haas during a TED conference. Light Fidelity (Li-Fi)
is a Visible Light Communication (VLC) based technology
making light as a medium of communication replacing the
cable wire communication. Li-Fi enables the electronic
device to connect to the internet with no wire. In order to
make a communication line between node, a Li-Fi will need
a transceiver to transmit and receive the data. This transceiver
will have a modulation technique to make the LED enable to
carry the data using the light. Li-Fi and Wi-Fi has the
difference related to the congestion, density, security, safety,
and speed. The more Wi-Fi enabled devices exist, the
congestion may occur. In the technology of Wi-Fi we can’t
add more routers if the number of users are increased, while
we can add the light in Li-Fi. Efficiency and safety of the
internet are the dominating issues right now. In Li-Fi
technology, LED act as a medium to high-speed
communication[5]. Li-Fi helps to conserve a large amount of
electricity by transmitting data through light bulbs and other
such lighting equipments. Li-Fi uses visible light as a carrier
at the place of radio waves as in Wi-Fi. As the visible light
cannot be penetrating through the walls so Li-Fi is considered
as secure means of data transmission system. For safety of the
internet, Li-Fi is more secure than the Wi-Fi based on the
spread of the signal. Based on those two technologies, in a
simple conclusion, Li-Fi has more secure communication
rather than the Wi-Fi. Li-Fi refers to 5G Visible Light
Communication technology. Li-Fi can be used in aircrafts
without causing any kind of interference. Li-Fi is typically
implemented using white LED bulbs at the downlink
transmitter. By varying the current through the LED at a very
high speed, we can vary the output at very high speeds. This
is the principle of the Li-Fi. The working of the Li-Fi is itself
very simple — if the LED is ON, the signals transmitted are a
digital 1 whereas if it is OFF, the signal transmitted is a digital

0. By changing the rate at which the LEDs flash, we can
encode different data and transmit it.

Il. VISIBLE LIGHT COMMUNICATION

The visible light communication is an emerging domain
where visible light is used as a medium of data transmission.
Visible light Communication (VLC) is a modern
communication technology which employs LED. It uses
visible light rays located between [400-800] THz, as optical
carrier for data transmission by illumination. It offers
numerous advantages such as high data rates unlicensed large
bandwidth and better data security leading to smart spaces.
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Fig. 1: Visible Light Spectrum

A. What is li-fi?

Li-Fi is the transmission of wireless data by using visible light
as a medium of communication. Also known as Light
Fidelity, Li-Fi uses subtle fluctuations in LED light to
transmit data from the transmitter to the receiver. To encode
the data, the LED light is switched on and off at an
imperceptible speed creating slight fluctuations that is
invisible to the naked eye. These fluctuations generate binary
codes that are transmitted to the receiver which decodes the
data back into digital form.

There are two main components of a Li-Fi system:
— Atransmitter that is often a high brightness LED light
— Arreceiver which is often a photodiode fitted into the

receiver to convert light back into digital data

Li-Fi technology is much faster as compared to the
traditional Wi-Fi technology. It is capable of transmitting data
up to 100 Mbps. In some cases, by using parallel
transmission, more than 10 Gbps of data can also be
transmitted. This means that you can download high
definition 1080p videos in mere seconds. Li-Fi is a powerful
technology that has the potential to transform our lives by
allowing us to transmit data from simple LED bulbs that are
already being used in most homes and offices. All homes,
offices and other facilities are equipped with lighting. Think
about how much energy we can transmit if each of those bulbs
is upgraded to LED bulbs fit to be used for Light Fidelity.
This could translate into a much bigger coverage than the
coverage capacity of traditional Wi-Fi modems.
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I1l. WORKING PRINCIPLE

The working of Li-Fi is very simple. There is a light emitter
ononeend i.e. an LED transmitter, and a photo detector (light
sensor) on the other. The data input to the LED transmitter is
encoded into the light (technically referred to as Visible Light
Communication) by varying the flickering rate at which the
LEDs flicker ‘on’ and ‘off” to generate different strings of 1s
and 0s. The on-off activity of the LED transmitter which
seems to be invisible to human eye, enables data transmission
in light form, in accordance with the incoming binary codes:
switching ON a LED is a logical '1', switching it OFF is a
logical '0'. By varying the rate at which the LEDs flicker on
and off, information can be encoded in the light to different
combinations of 1s and 0s.

In atypical setup, the transmitter (LED) is connected
to the data network and the receiver (photo detector/light
sensor) on the receiving end receives the data as light signal
and decodes the information, which is then displayed on the
device connected to the receiver.
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Fig.2: Basic Block Diagram

Thus, flashing the LED numerous times or using an
array of LEDs will eventually provide data rates in the range
of hundreds of Mbps. The Li-Fi working is explained in a
block diagram (Fig.2). Hence all that is required, is some or
an array of LEDs and a controller that controls/encodes data
into those LEDs. All one has to do is to vary the rate at which
the LEDs flicker depending upon the data input to LEDs.

IV. PROPOSED DESIGN

A. Transmitter Circuit

Fig.3: Transmitter Circuit

Figure 3 shows the transmitter circuit. On the transmitter side,
the PC used should contain MATLAB software which will
help us in converting the image into its binary format and later
transmitting the binary conversion to the receiver via LED.
Next is the USB to TTL which is used so deal the
communication of a microcontroller. And microcontroller
helps to generate square wave form the binary converted
image by MATLAB and inputs the square wave to the
LED.ULN2803 is used as the driver IC in LED driver circuit
which helps the LED to glow and allow transmission.

B. Receiver Circuit
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Fig.4: Receiver Circuit

The receiver circuit is shown in Figure 4.0n the receiver side
exact opposite operation takes place. The light received from
the LED is captured by the phototransistor(solar panel) which
acts as a sensor and passes the output to the comparator.
LM358 is an open collector comparator which compares the
binary input and the original image is recovered using
MATLAB software.

V. RESULTS AND DISCUSSIONS
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Fig.5: (a) Transmitted Image
In this experiment, we have transmitted .JPG image. The
format of the image does not affect the transmission in any
way hence, an image of any regular formats- .jpg, .jpeg, .omp
etc. can be selected. When there is no light, than the image is
not transmitted from one laptop to another[7].
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VI. LI-FI VERSUS Wi-FI
Comparison of Li-Fi with Wi-Fi is shown below

Parameter Li-Fi Wi-Fi
Average operation | Greater than 10Gbps 150-600Mbps
spead [under research)

Frequency band 100 times of THz 24GHz
Etandard |EEE 802.15 |EEE 802.11
Data Transmiszsion #1Gbps 200 Kbps-11Mbps
Rate
Coverage Area 10 meters 20-100 meters
varies based on
type of
transmission power
and antenna
Interfersnce Mo interference issues | Imterfarence with
with RF waves neighbour AP
routers
Topology Point to Point Point to Multipoint
Communication Baz=d on Visible Light | Baz=d on Radic
Compnunicstion Frequency
Communication
Efficiency More, LED's consume Lezz, Radio Base
lesz energy and highly | Stations consume
efficient high amount of
ensrgy
Avzilability Anywhere, availablein | Limited
zirplanes and
underawater
Secure More secure because Less secure
light wawes cannot because of high
penetrate thraugh penetrating power
walls and cannat be af radio waves,
intercept by anyone INYone can
autside the intercept
iNumination of LED
Pooser Lesz hiare
Consumgtion
Environment Loy hiedium
Imipact

VII. APPLICATIONS

There are numerous applications of Li-Fi technology, from
public Internet access through existing lighting (LED) to
auto-piloted cars that communicate through their headlights
(LED based). Applications of Li-Fi can extend in areas where
the Wi-Fi technology lacks its presence like aircrafts and
hospitals (operation theatres), power plants and various other
areas, where electromagnetic (Radio) interference is of great
concern for safety and security of equipments and people.
Since Li-Fi uses the light, it can be used safely in such
locations or areas. In future with the Li-Fi enhancement all
the street lamps can be transformed to Li-Fi connecting points
to transfer data. As a result of it, it will be possible to access
internet at any public place and street.

A. Military:

Li-Fi is confined to a small range. As light does not penetrate
walls, data transmitted over Li-Fi can be limited to a small
area . This makes Li-Fi great for use by the military even in

remote locations as the data can not be intercepted by outside
hackers.

B. Traffic Lights:

Li-Fi can be used to provide drivers with traffic and weather
updates as they wait at the traffic lights. This also eliminates
the problem of getting critical traffic updates to drivers who
are already on the road.

C. Underwater Communication:

Unlike radio waves, which are easily absorbed by water, light
waves can travel great distances. This remarkable property
allows diver-to-diver or diver-to-minisub communications,
even if they are miles apart.

D. Security:

The greatest asset of Light communications is that light can’t
go through walls, hence data security is enhanced in relation
to radio-based networks.

E. Hospitals:

As Li-Fi does not interfere with radio frequency devices, Li-
Fi can be safely used in many hospital applications. For
example, in corridors, waiting rooms, patient rooms and
operating theatres, Li-Fi technology will allow a light
communication network, which will remove electromagnetic
interference issues from smartphones and the use of Wi-Fi in
hospitals.

VIIl. DISADVANTAGES

— Apart from several benefits, the Li-Fi technology is
facing several problems. It requires LOS (line of sight),
as well as the receiver, would not be a move in inside.

—  The main problem is how the receiver will send the data
back to the transmitter section.

— Another disadvantage of this technology is an
interference of exterior light sources such as normal
bulbs; sunlight in the lane of communication will cause
intermission in the transmission.

IX. CONCLUSION

This paper describes how light can be used as a medium of
data transmission wirelessly from one point to another. Li-Fi
is upcoming technology and is currently attracting a great
deal of interest, not least because it may offer a genuine and
very efficient alternative to radio-based wireless
communication. Li-Fi is based on Visible light
communication (VLC). If this technology can be put into
practical use, every light can be used something like Wi-Fi
hotspots to transmit wireless data. This technology may solve
issues such as the shortage of radio-frequency bandwidth and
can find uses in critical fields like military and medicine. Li-
Fi uses visible light which is inexhaustible, accurate, fast,
safe, cost effective which shows that it is the only technology
which is cleaner, greener and safe in communication system.
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