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Abstract –The Light Emitting Diodes (LED) technology is used in different areas of our everyday life. These LED are winding its application areas 
as it provides us not only lightening capabilities, but also it is used for data transmissions as well. In this paper, we are going tostudy the technology 
of Light Fidelity (Li-Fi) based on the LED and its applications in transferring data. By using this Li-Fi one can transfer data from one computer system 
to another computer system. Li-Fi stands for Light Fidelity, which is proposed by the German physicist popularly named as “Harald Haas”. He gives 
the solution for illumination of light for data transfer. Using this technology, it is easy to provide transmission of data through illumination by sending 
data from LED light bulb. This technique is much more efficient that is faster than the human eye can follow. Li-Fi is more secure than the current Wi-
Fi technology as it is using VLC and not by radio-waves for the transmission of data. It provides better efficiency, greater bandwidth and larger speed. 
The technology of Li-Fi is implemented through visible light communication (VLC) technology. This VLC technology uses the medium that deliver 
high-speed data communication for our Li-Fi technology in a manner that is similar to Wi-Fi. As todays needs is of growing needs for faster rate of da-
ta transmission, Li-Fi is trying to meet this requirement by offering much faster data rate than Wi-Fi technology. In this paper, the authors present the 
detailed study of the Li-Fi technology, its advantages and limitations. 
 

Index Terms: Light Emitting Diode (LED), Light Fidelity(Li-Fi), Wi-Fi technology, data transmission, visible light communication (VLC), Wireless Net-
work Communication. 

——————————      —————————— 
1. INTRODUCTION                                                                     

Li-Fi is one of the new and advance technology that uses 
visible light communication (VLC) technology instead of 
radio waves. This Li-Fi technology uses LED lights which 
transmits lights along with data which offers faster rates. 
This refers to fifth generation 5G Visible Light Communica-
tion technology designed using Light Emitting Diodes 
(LEDs). This technology works as a medium to high-speed 
communication in a similar manner or more efficiently than 
Wi-Fi [2]. As this technology performs two task simulta-
neously that is of providing lights and data it helps to con-
serve a large amount of electricity by transmitting data with 
the help of light bulbs and other such lighting equipment’s. 
This technology can be used in aircrafts also. Li-Fi uses 
light as a medium as opposed to the use of radio waves as 
in Wi-Fi that penetrate walls, hence it is more secure for any 
human being.This Li-Fi technology for data transmissionis 
implemented using normally white LED bulbs at the down-
link transmitter [1]. This is the principle of this Li-Fi which 
is varying the current through the LED at much more high 
speed, we can vary the output at very high speeds that can 
use the flickers that can encode various data and transmit 
it. The working principle of the Li-Fi is much simple and 
based mostly on the digital concept-if the LED is ON, the 
signal transmitted is a digital 1 whereas if it is OFF, the sig-
nal transmitted is a digital 0. When the LED is ON i.e. 1 we 
get the data, otherwise the LED is OFF i.e. 0 we are unable 
to get data transmission. This technology uses the electro-
magnetic spectrum that is still not greatly utilized- The Vis-
ible Spectrum for its transmission. As the Light is very 
much important part of our daily lives form millions of 
years and it does not cause any majorill-effects. Moreover 
there is increasing needs of lights as we are spreading in the 
space and time. This LED technology is much more effec-
tive in providing the light sources. This LED technology is 
widening its area as it is possible to encode data in the 
light. This can be done by varying the rate at which the 

LEDs flicker on and off this is same for 1s and 0s as the dig-
ital media. The intensity of the LED is modulated much ra-
pidly and hence human eyes cannot notice it, so the output 
appears to be at the constant rate.  
The mission of Li-Fi technology is announced as ‚The Li-Fi 
seeks to resolve the global struggle for diminishing wireless capac-
ity by developing and delivering technology for more secure, reli-
able, high speed communication networks that seamlessly inte-
grate data and lighting utility infrastructures or significantly re-
duce energy consumption at the same time [3].” The Li-Fi tech-
nology is based on narrowly-focused ‘beams’ that unable to 
travel through walls. Moreover, LED lights are natural 
beam-formers, this makes it easier to create the separate up-
link as well as downlink channels. It serves as a means of 
more secure internet browsing, that gives both channels 
have to be ‘intercepted’ if someone managed to coerce their 
way into that same room as us. The Li-Fi technology allows 
us to works along with an off-the-shelf and an unmodified 
light fixture. At the time of communication the desktop unit 
has infrared LEDs in the uplink channel. The use of this is 
shown in figure1. The Li-Fi is capable of delivering a capac-
ity of 5 Mbps in the channels in both ways as uplink and 
downlink, covering a range of up to three meters and 
above. It is important advantage that Li-Fi has the capabili-
ty to give the speeds of up to 10 Gbps.More sophisticated 
techniques are used for increase VLC data rates which in 
turn increases the Light Fidelity (Li-Fi) technology. Re-
searcher’s team at the University of Oxford and the Univer-
sity of Edinburgh are making their focus on parallel data 
transmission as parallel data transmission works faster and 
it is doneby using arrays of LEDs. Here each different LED 
transmits a different data stream. Some uses the groups 
that are using mixtures of red, green and blue color combi-
nation LEDs for altering the light's frequency, here each 
frequency encoding at different data channel. Researchers 
at the Heinrich Hertz Institute have reached data rates of 
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over 500 mbps. The Li-Fi is capable of transmitting data at 
100 MB/s that is faster than most UK broadband connec-
tions. This paper is further organized as, the next section 
gives the working of LED in the Li-Fi and working of Li-Fi 
using the VLC technology. Then, it shows the advantages of 
Li-Fi technology over Wi-Fi. The advantages and Dis-
advantages of Li-Fi technology are studied further. The vast 
and developing application area of Li-Fi technology is giv-
en in the next section. Finally, the conclusion and Future 
scope information of Li-Fi that is Gi-Fi is given. 

 
 

 
 

Figure. 1: Use of Wi-Fi Technology [4] 

 
2. WORKING PRINCIPLE OF LI-FI 
 

The Light-Fidelity (Li-Fi) technology is based on the Visible 
Light Communication (VLC) which uses the visible light 
source for data communication. The  VLC technology use a 
source of illumination that in turn use by Li-Fi, which produce 
both illumination and also performs data transmission using 
the same light source. The VLC technology is the source of 
illumination along with communication. 

Working of Li-Fi as shown in the figure 2 according to key 
points: 

 Firstly, Li-Fi is implemented using white LED light 
bulbs at downlink transmitter. 

 As the speed of light is very fast and the current is 
always varying, optical output can be made to vary at ex-
tremely high speeds. 

 An overhead lamp is fitted with an LED bulb. This is 
done along with signal processing technology where data 
streams are embedded in its beam with ultra-high speeds to 
the photo diodes. 

 At the receiver side, a receiver dongle makes the tiny 

changes in amplitude into an electrical signal; these 

signals are again converted into a data stream & fur-

ther transmitted to the devices such as computer or 

mobile [5]. 

 

 

 
Figure 2: Working principle of Li-Fi 

 

 
3. VISIBLE LIGHT COMMUNICATION (VLC) 
 

1. Light Fidelity (Li-Fi) technology is faster and much 
cheaper version of traditional Wi-Fi, which is based on visible 
light communication (VLC) technique. The visible light com-
munication is a kind of data communication technique which 
works by using visible light. The VLC uses its visible light as 
an optical carrier in the range between 400 THz and 800 THz 
for data transmission [6]. 

 
2. The radio-waves and other rays such as, Gama rays, 

X-rays, Ultra violet rays are mostly harmful for the human 
body as we all knows that. 

 
3. The Infrared rays as they seems are mostly support to 

low power transmission they are also dangerous. These rays 
can penetrate through many parts of human beings. Another 
thing is it can only be used with low power. 

 
Radio waves are also less secure for any living thing. Hence 

we are left with only the visible - light spectrum not harmful 
for any living [8], as light is our daily need and does not harm 
to any sensitive living thing. 

 

4. ADVANTAGES OF LI-FI OVER WI-FI    TECH-
NOLOGY  

 

Wi-Fi Li-Fi 
 

A. TRANSMISSION SECURITY: 
From the security point of 

view, Wi-Fi is less secure as 
radio waves can penetrate 
through walls. They can be 
traced if someone has bad 
intentions, they can misuse it. 
This create a major security 
issue. 

 

Li-Fi is based on data 
transmission through visible 
lights. 

Li-Fi is secure as light rays 
cannot penetrate through 
walls. They are not so much 
easy to be misused and traced 
by other People, for  misusing 
it. 
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B. NETWORK CAPACITY: 
Wireless data which is 

transmitted through radio 
waves are mostly limited and 
expensive. It has to face with 
the problem of or limited 
amount of bandwidth. 

 

The bandwidth capacity of 
Light is 10000 times wider 
than radio waves. Hence us-
ing the visible light technolo-
gy Li-Fi has much better ca-
pacity compare to Wi-Fi. 

 
C. RANGE AVAILABILITY: 
Wi-Fi networks offers the 

transmission for the limited 
range. For Example, a typical 
Wi-Fi home router might 
have a range of 45m (150ft) 
indoors and 90m (300ft) out-
doors. 

 

The range availability is 
not an issue in Li-Fi technolo-
gy as light sources are availa-
ble everywhere. For Example, 
there are billions of light 
bulbs across worldwide, they 
just need to be replaced with 
LEDs and one can enjoy the 
benefits of data transmission. 

D. COST and EFFICIENCY: 
It is much costly than Li-

Fi. It contains many radio 
base stations which consume 
more heat also. It is also less 
efficient. 

It is not costly as the LED 
lights sources consume less 
energy. It is much more effi-
cient source than Wi-Fi. 

 

5.ADVANTAGESAND DIS-ADVANTAGES    OF 
LI-FI 

 
5.1. Advantages of Li-Fi 

 
The Light – Fidelity (Li-Fi) technology is very much more 

beneficial for many of us. This technology emerges as a result 
of vast amount of license-free and secure electromagnetic 
spectrum. This spectrum consists of infrared and visible light 
regions [10] which work faster, easier and in effective manner. 
The key advantages are highlighted as follows: 

 Li-Fi enhanced wireless infrastructures can do better 
by providing an additional layer of small cells called as ‘atto-
cells’. 

 Li-Fi does not make use of the radio frequency spec-
trum which increases the capacity up to 10,000. 

 This technology enables very high peak data rates of 
about (10 Gbps). As it uses only visible lights which complete-
ly eliminates the health security issues. 

 This makes significant enhancement in the security of 
wireless communication and reduced interception of signals 
that is often happened in case of radio-waves. 

 The use of Visible Light Communication technique 
enhanced energy-efficiency by combining data communica-
tion and illumination. So, it helps in 100 times energy reduc-
tion. 

 
5.2. Some Limitations of Li-Fi 

 
       Despite of many advantages of Li-Fi, like any other tech 

nology it also has some limitations and disadvantages [11], as 
enumerated below: 

 

 As light is unable to pass through any object, and if in 
case the source is blocked by any kind of disturbances then the 
signals are stopped and receiver will be unable to get any data 
source. 

 
 The Reliability and network coverage are found to be 

the major issues by the companies in case of VLC services. 
Some kind of interference from external light sources like sun-
light, normal bulbs and can also become the source of distur-
bance in both the source of light and data transmission. 

 
 The cost of installation of the systems can be comple-

mented by large-scale implementation of VLC and it will re-
duce further operating costs like electricity charges, mainten-
ance charges, etc. 

 
 We still need Wi-Fi as our Li-Fi is unable to bear with 

the disturbances. Our light bulb does not provides data to a 
high-speed moving object and not in the remote area where 
there are trees, walls and obstacles and interferences. 

 
6. APPLICATIONS OF LI-FI 

 

The Light – Fidelity system has variety of uses in many fields 

of our daily lives as it is based on LED visible-light source. It is 

useful from the access of internet by the general public using 

street lamps and in another case with the auto-pilot cars which 

communicate through their headlights. In spite of this, the areas 

such as healthcare and aircrafts where Wi-Fi is harmful/ useless, 

where Li-Fi is the alternative which provide faster data access 

rate.  
 

Some of the applications are listed as below: 

 

6.1. Healthcare Industries 
The Wi-Fi emits radio waves which are very harmful for the 

patients. And in the deadly case they can interpret the medical 

instruments also. Thus, we can use internet in operating rooms by 

Li-Fi technology which makes only use of visible light which is 

not harmful to anyone. For this reason only, now medical tech-

nology would lag behind the use of wireless internet from the rest 

of wireless world. Till now operating rooms did not allowed Wi-

Fi overradiation concerns, this healthcare industry can use Li-Fi 
as the source to access internet. 

 

6.2. Airlines 
In Airlines, passengers have to pay extra money to make use 

of the dial up service in the aircraft. Li-Fi could be able to intro-

duce "high-speed” transmission service. This service would be 

interruption free and possibly differs from other wireless in the 

aircraft system also. 

 

6.3. Underwater applications 
Underwater ROVs (Remotely Operated Vehicles) is not long 

enough to allow them to explore larger areas. If their wires sys-
tem were replaced with our LED light that is from a submerged 

and high powered lamp, then they would be much free to explore 

themselves for another use. These headlamps can also be used to 

communicate with each other [12]. In underwater appliances, Li-
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Fi can work underwater where radio-waves fails here completely. 

So, Li-Fi provides opportunities for underwater military opera-

tions. 

 

6.4.Natural Disaster Management 
In times of natural calamities like earthquakes, Li-Fi serves as 

a powerful means of communication efficiently. As the Li-Fi uses 
light which is not obstructed by such environment or physical 

condition. The Wi-Fi technology lags here as RF waves are ob-

structed by walls or other such kinds of things. 

 

7. RESENTTRENDS WITH LI-FI 
 

7.1. Li-Fi for smart cities 
The simplicity of the li-fi technology using LED light bulbs 

to transmit data along with transmission of light source at the 
same time. This includes high speed data connections that 
might be possible to be given by the street lights that could 
add additional benefits to the emergence of smart cities. 

 
7.2. Li-Fi technology as enabler of (IoT) and everything: 

 
Researchers at one of the Li-Fi center, At the University of 

Edinburgh stated that, The Li-Fi nodes are along with strong 
communication and capabilities of networking. The Li-Fi has 
the optical carrier for wireless transmission and this is present 
above TCP/IP layers for connecting things on everything, any-
time, everywhere basis. Along with very minimal capital ex-
penditure (CAPEX) and operationexpenditure (OPEX) [14].  

 
7.3. In the future, Topology is important 

Researchers published guidelines worldwide which show 
that the future network will work faster but capacity problems 
still remain unavoidable. It reveals that the ‘topology’ is the 
makeup of transmitters providing network signal. 

 
7.4. Reliable communication and improved networking 

The Li-Fi technology we are discussing is the high-speed, 
fully networked and supporting broadband wireless and 
aimed at relieving the existing Wi-Fi technology. A Li-Fi access 
point can serve multiple users simultaneously within the area 
of its coverage. 

 
7.5. Li-Fi Access nodes its inherent Programmable fea-
tures 

The Quantum mechanics used to develop systems for the 
controlling of number of photons from a simple LED light 
bulb by changing the frequency of the light sources. This 
makes it the most perfect carrier for wireless transmitting of 
data in the smallest cell of network among 5G wireless com-
munication networks [13]. 

 
7.6. Light brings users super-fast wireless internet 

With the fast advancing world Lights in shop windows, 
cars etc. should be able to access the wireless internet. Li-Fi 
could prove to be seventimes faster than Wi-Fi and enable to 
download an entire HD movie in a couple of seconds. 

 
 

8. CONCLUSION AND FUTURE SCOPE 
  

Li-Fi is an emerging technology and it has vast potential in 
today’s advanced world. A lot of research can be conducted in 
this field as it is based on the LED visible lights. This technol-
ogy, is invented by Harald Haas, and now it becomes one of 
the major technologies for use today. This technology can be 
used efficiently, works like the Wi-Fi hotspots available from 
the light bulb. It will be cleaner and greener and the future of 
mankind will be safe as it does not use the radio-waves. The 
Li-Fi technology can solve the crisis of the amount of limited 
available bandwidth. As the radio-waves uses the airwaves 
that are becoming increasingly clogged, and making it more 
and more difficult for getting a smooth and high-speed sig-
nals.  

The future of Li-Fi is Gi-Fi. The Gi-Fi or gigabit wireless. This 
system refers to wireless communication supporting the data 
rate more than one billion bits (gigabit) per second. In 2008 
researchers at the University of Melbourne demonstrated the 
speed and working of the transceiver that is integrated on a 
single IC- chip that operated at 60 GHz on the CMOS process. 
With this technology it is possible to transfer about 5 gigabits 
per second using wireless technology. It is ten times faster 
than the present rates with the wireless techniques available 
with us. 
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