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Abstract- Li-Fi is a new paradigm for optical wireless technology
to provide connectivity within a localized data-centric
environment. The increasing demand for higher bandwidths,
faster and more secure data transmission as wel as
environmental and undoubtedly human friendly technology
heralds the start of a major shift in wireless technology, a shift
from RF to optical technologies. Li-Fi is a wireless optical
networking technology that uses light-emitting diodes (L EDs) for
data transmission. Li-Fi is designed to use LED light bulbs
similar to those currently in use in many ener gy-conscious homes
and offices. However, Li-Fi bulbs are outfitted with a chip that
modulates the light imperceptibly for optical data transmission.
Li-Fi data is transmitted by the LED bulbs and received by
photoreceptors. With the vast growing gadgets, their usage and
their developments led to the advancement in the Wi-Fi which
provides a technology so called Li-Fi. Li-Fi is a technology that
makes use of LED light which helps in the transmission of data
much more faster and flexible than data that can be transmitted
through Wi-Fi. Light reaches nearly everywhere so
communication can also go along with light freely. Light Fidelity
is a branch of optical wireless communication which is an
emerging technology. By using visible light as transmission
medium, Li-Fi provides wireless indoor communication. The bit
rate achieved by Li-Fi cannot be achieved by Wi-Fi.. Dr herald
Haas , the professor of mobile communications at the university
of Edinburgh school of engineering ,first time publically
displayed the proof of Light Fidelity(Li-Fi) ,a method of Visible
Light communication(VLC). Li-Fi isthe transfer of data through
light by taking fiber out of fiber optics and sending data through
LED light.

Keyword-Li-Fi, Wi-Fi, VLC, LED
1. INTRODUCTION
Li-Fi is transmission of data through illuminatity sending

data through a LED light bulb that varies in infgngaster
than the human eye can follow. Li-Fi is the ternmsohave

used to label the fast and cheap wireless-commiimica

system, which is the optical version of Wi-Fi. Ttegm was
first used in this context by Harald Haas in hisDTElobal
talk on Visible Light Communication.

At the heart of this technology is a new generatibn

high brightness light-emitting diodes, says Hardiaas from
the University of Edinburgh, UK. Very simply, iféhLED is
on, you transmit a digital 1, if it's off you tramg a 0, Haas
Says, they can be switched on and off very quicliizich
gives nice opportunities for transmitted dataslpossible to

encode data in the light by varying the rate atcihhe LEDs
flicker on and off to give different strings of &sd 0s. The
LED intensity is modulated so rapidly that humase epnnot
notice, so the output appears constant. More stiqtisd
techniques could dramatically increase VLC data.raerms
at the University of Oxford and the University ofligburgh
are focusing on parallel data transmission usingyaiof
LEDs, where each LED transmits a different dataastr.
Other groups are using mixtures of red, green dnel bEDs
to alter the light frequency encoding a differeatadchannel.

Li-Fi, as it has been dubbed, has already achieved

blisteringly high speed in the lab. ResearchetthatHeinrich
Hertz Institute in Berlin, Germany have reacheddates of
over 500 megabytes per second using a standare-ligtit
LEDs. The technology was demonstrated at
Consumer Electronics Show in Las Vegas using a pfir
Casio smart phones to exchange data using lightaofing
intensity given off from their screens, detectadlea distance
of up to ten meters.

In October 2011 a number of companies and imgust
groups formed the Li-Fi Consortium, to promote higleed
optical wireless systems and to overcome the lon#@mount
of radio based wireless spectrum available by etiptp a
completely different part of the electromagnetiedpum. The
consortium believes it is possible to achieve mitran 10
Gbps, theoretically allowing a high-definition filnio be
downloaded in 30 seconds.
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Figl.1- Li-Fi Environment
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2. HISTORY

This brilliant idea was first showcased by Harllldas from
University of Edinburgh, UK, in his TED Global tatin VLC.
He explained, Very simple, if the LED is on, yoartsmit a
digital 1, if it's off you transmit a 0. The LEDsao be
switched on and off very quickly, which gives nice
opportunities for transmitting data. So what yoquiee at all
are some LEDs and a controller that code data tntse
LEDs. We have to just vary the rate at which theDIsE
flicker depending upon the data we want to encétether
enhancements can be made in this method, like asiragray
of LEDs for parallel data transmission, or usingctmies of
red, green and blue LEDs to alter the light's freory with
each frequency encoding a different data channechS
advancements promise a theoretical
meaning you can download a full high-definitiomfilin just
30 seconds. Simply awesome! But blazingly fast datas
and depleting bandwidths worldwide are not the aebsons
that give this technology an upper hand. Sinceiliiges just
the light, it can be used safely in aircrafts andgitals that are
prone to interference from radio waves. This caenework
underwater where Wi-Fi fails completely, therebyotking
open endless opportunities for military operations-fi
promises to be cheaper and more energy-efficieman th
existing wireless radio systems given the ubiquifyLED
bulbs and the fact that lighting infrastructureailseady in
place. Visible light is part of the electromagnesectrum and
its bandwidth is 10,000 times bigger than the rddégquency
spectrum used by existing communication systenfsrding
vastly greater capacity. Earlier this year, Gerngny
Fraunhofer Heinrich Hertz Institute claimed thatadeates of
up to 1Ghit/s per LED light frequency were possilihe
laboratory conditions. And this month, Chinese siits
reportedly developed a micro chipped LED bulb tbanh
produce data speeds of up to 150 megabits per d€btiyps),
with one bulb providing internet connectivity forour
computers.

3. WHY Li-Fi.....?

Li-Fi is the latest technology introduced for
communication and it is more preferable comparersent
technology mainly regard following following sonssues.
Higher speeds than Wi-Fi.

10000 times the frequency spectrum of radio.

More secure because data cannot be interceptedutith
a clear line of sight.

Prevents piggybacking.

Eliminates neighboring network interference.
Unimpeded by radio interference.

Does not create interference in sensitive eleatmni
making it better for use in environments like htesigi
and aircratft.

By using Li-Fi in all the lights in and around ailding, the
technology could enable greater area of coverage th
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single Wi-Fi router. Drawbacks to the technologglude the
need for a clear line of sight, difficulties withofiility and the
requirement that lights stay on for operation. Li-an

alternative to Wi-Fi that transmits data using spectrum of
visible light, has achieved a new breakthrough,hwitk

scientists reporting transmission speeds of 10&bit/more
than 250 times faster than ‘s Many experts claiat th-Fi

represents the future of mobile internet thankgstaeduced
costs and greater efficiency compared to traditigviaFi.

The premise behind VLC is that because lightinghésirly
everywhere, communications can ride along for yefde.
Think of a TV remote in every LED light bulb andwlib soon

realise the possibilities of this technology. Otighe biggest
attractions of VLC is the energy saving of LED teclogy.

Nineteen per cent of the worldwide electricity ised for

speed of 10Gbpsghting. Thirty billion light bulbs are in use widwide.

Assuming that all the light bulbs are exchangechViEDs,
one billion barrels of oil could be saved every ryaahich
again translates into energy production of 250rarcfmwer
plants. There are some issues with radio wave coruation.
As we are using visible light communication(VLC) lin-Fi
we can overcome these issues as follows

Capacity -10000 times more than radio waves spectrum
band. Light boxes are already present, so we héee t
infrastructure available and light boxes are alyeiadtalled in

it.

Efficiency -Data through illumination and thus data
transmission comes for free. LED light bulbs consuless
energy and highly efficient.

Availability -Light is present everywhere.

Security -Light-waves don’t penetrate through walls. They
can't be intercepted or misused. Data is preseht where
there is light.

WORKING-This brilliant idea was first showcased by Harald
Haas from University of Edinburgh, UK, in his TEDadBal
talk on VLC.He explained,” Very simple, if the LEB on,
you transmit adigital 1, if it's off you transmit@ The LEDs
can be switched on and off very quickly, which giveice
opportunities for transmitting data.” So what yeguire at all
are some LEDs and a controller that code data thtse
LEDs. We have to just vary the rate at which theDlsE
flicker depending upon the data we want to encode.
overhead lamp fitted with an LED with signal-prosieg
technology streams data embedded in its beam rat-hiljh
speeds to the photo-detector. A receiver dongle tomverts
the tiny changes in amplitude into an electricghai, which is
then converted back into a data stream and tratesinib a
computer or mobile device.

Li-Fi is typically implemented using white LED g bulbs
at the downlink transmitter. These devices are adiyrmused
for illumination only by applying a constant curteHowever,
by fast and subtle variations of the current, th&cal output
can be made to vary at extremely high speeds. Véig
property of optical current is used in Li-Fi setuphe
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operational procedure is very simple-,data from ititernet
and local network is used to modulate the intensiitthe LED
light source if any undetectable to the human &y photo
detector picks up signal, which is converted bathk ia data
stream and sent to the client.

The client can communicate through its own LEDpotior
over the existing network. An overhead lamp fitigidh an
LED with signal-processing
embedded in its beam at ultra-high speeds to thaoph
detector. A receiver dongle then converts the tihgnges in
amplitude into an electrical signal, which is theonverted
back into a data stream and transmitted to a coenport
mobile device. .
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Figl.2-working of Li-Fi
4. ADVANTAGES

Both Wi-Fi and Li-Fi transmit data over the electagnetic
spectrum, but whereas Wi-Fi utilises radio waveskiluses
visible light. This is a distinct advantage in thhe visible
light is far more plentiful than the radio spectryd0,000
times more in fact) and can achieve far greatea dansity.
One draw-back is that the data receiver would havee in
sight of the transmitter-bulb as visible light doed penetrate
solid materials. The makers of Li-Fi note that thjgality
might actually be an advantage in some scenariakjng Li-
Fi more secure than Wi-Fi with hackers unable tceas
unsecured internet connections from out of sight theé
transmitter.

e The twin benefit is that the LEDs also provide tigts
any incandescent bulb.

« If there are other lights present, the technolagglch
the receiver can ignore the constant light sourw ia
interested in the subtle amplitude changes of B4.

» High speed, as high as 500mbps or 30GB per minute.

» Li- Fi uses light rather than radio frequency signa

* VLC could be used safely in aircraft.

» Integrated into medical devices and in hospitalthés

easily be used in such places where Bluetootharedt,
Wi-Fi and internet are banned. In this way, it vk
most helpful transferring medium for us.
There are around 19 billion bulbs worldwide, thestjneed to
be replaced with LED ones that transmit data. Vé&are VLC
is at a factor of ten, cheaper than Wi-Fi.
Security is another benefit, he points out, singbtidoes not

technology streams datgenetrate through walls.

Cars have LED based headlights, LED based backligind
Car can communicate each other and prevent acsidierihe
way that they exchange Information. Traffic lighanc
communicate to the car and so on.

By implementing the Technology worldwide every striamp
would be a free access point.

Li-Fi may solve issues such as the shortage a6 faglquency
bandwidth.

Easy to use.

Fast data transfer.

Reliable.

Harmlessness.

Low cost.

5. APPLICATION OF LI-FI

You Might Just Live Longer- For a long time; medical
technology has lagged behind the rest of the véselgorld.
Operating rooms do not allow Wi-Fi over radiatiooncerns,
and there is also that whole lack of dedicated tsper While
Wi-Fi is in place in many hospitals, interferencenfi cell
phones and computers can block signals from madngor
equipment. Li-Fi solves both problems: lights a only
allowed in operating rooms, but tend to be the ngiating
(pun intended) fixtures in the room. And, as Ha&ntions in
his TED Talk, Li-Fi has 10,000 times the spectruih\t-Fi,
so maybe we can, | don’t know, delegate red lighpriority
medical data. Code Red!

Airlines- Airline Wi-Fi, Nothing says captive audience like
having to pay for the "service" of dial-up speed-RVion the
plane. And don't get me started on the pricing. Bhet I've
heard so far is that passengers will "soon" bereffe "high-
speed like" connection on some airlines. Uniteplasining on
speeds as high as 9.8 Mbps per plane. Uh, | haie tihat
capacity in my living room. And at the same prisechecking
a bag, | expect it. Li-Fi could easily introduceattsort of
speed to each seat's reading light

Smarter Power Plants- Wi-Fi and many other radiation types
are bad for sensitive areas. Like those surroungioger
plants. But power plants need fast, inter-connectiada
systems to monitor things like demand, grid intiygand (in
nuclear plants) core temperature. The savings fpwaper
monitoring at a single power plant can add up todneds of
thousands of dollars. Li-Fi could offer safe, abamd
connectivity for all areas of these sensitive lmoat. Not only
would this save money related to currently impletaedn
solutions, but the draw on a power plant's own mes= could

technology does not deal with radio waves, so it cabe lessened if they haven't yet converted to LEjDtlng.
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Under sea Awesomeness- Underwater ROVs, those favorite
toys of treasure seekers and James Cameron, ofevaie
large cables that supply their power and allow themeceive
signals from their pilots above. ROVs work greatcept
when the tether isn’'t long enough to explore ammaoe when
it gets stuck on something. If their wires were &nd replaced
with light say from a submerged, high-powered lartigen
they would be much freer to explore. They coula aise their
headlamps to communicate with each other, proogssata
autonomously and referring findings periodicallyckdo the
surface, all the while obtaining their next batloers.

It Could Keep You Informed and Save Lives- Say there’'s an
earthquake in New York or a hurricane. Take youkpit's a
wacky city. The average New Yorker may not know tathe
protocols are for those kinds of disasters. Uheytpass under
a street light, that is. Remember, with Li-Fi, fifete’s light,
you're online. Subway stations and tunnels, commndead
zones for most emergency communications,

obstruction. Plus, in times less stressing citiealat opt to
provide cheap high-speed Web access to every stwawstr.
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{ Harald Haas, professor at the University
| of Edinburgh gave a debut demonstration of a Li-Fi "

prototype for data transmission using light 7 e
at the TEDGlobal conference in Edinburgh
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Figl.3-Working and advantages

6. CONCLUSION

Thanks to the Li-Fi technology, the 14 billion lasnp
in the world will become gradually green mobile eimtet
masts that will permit to respond to the impressh@easing
demand of mobile connectivity. Also, this will alloreducing
the electromagnetic pollution generated by the mooeeradio
wave solutions developed until nolighting reaches nearly
everywhere, so communications can ride along farlpdree.
Think of a TV remote in every LED light bulb andwtb soon
realise the possibilities of communications usingsible
light—also dubbed as li-FI'he possibilities are numerous and
can be explored further. If this technology canphg into
practical use, every bulb can be used as somelkimyVi-Fi
hotspot to transmit wireless data and we will peatéoward
the Cleaner, Greener, Safer and Brighter future. The
concept of Li-Fi is currently attracting a greattef interest,
not least because it may offer a genuine and véigient
alternative to radio-based wireless. As a growingnber of
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people and their many devices access wirelessnettethe
airwaves are becoming increasingly clogged, makimgore
and more difficult to get a reliable, high-speednsi. This
may solve issues such as the shortage of radiodrexy
bandwidth and also allow internet where traditiomatlio
based wireless isn't allowed such as aircraft apitals. One
of the shortcomings however is that it only workdinect line
of sight.
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