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Abstract 

In this paper, we present initial designs and results of a small-scale prototype of a home automation system and vehicle 

communication system using light fidelity (Li-Fi) technology, a new technology that was developed in the last few years, which 

still needs more investigation on its sustainability for outdoor vehicular networks .Vehicle to vehicle communication is the most 

effective solution that has been used in order to reduce Vehicles’ accidents. Home automation is one of the very useful ways to 

control various electronic devices used in home for our day to day activities. The proposed use of Li-Fi technology  in this paper 

comprises mainly light-emitting diode (LED) bulbs as means of connectivity by sending data through light spectrum as optical 

wireless medium for signal propagation. In fact, the usage of LED eliminates the need of complex wireless network and 

protocols. Several case studies mimicking the vehicle to vehicle communication are explored in this work. Both numerical 

simulation using Proteous package and experimental results are also presented, which agree quite well.    
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________________________________________________________________________________________________________ 

I. INTRODUCTION 

Li-Fi is a new paradigm for short range wireless technology to provide unprecedented connectivity within a localized data-

centric environment. Li-Fi is a transmission of data through illumination  , sending data through a led  light bulb that varies in 

intensity faster than human eye can follow. This sort of communication can be called as Visible light communication (VLC). 

Using this technique, the user can transmit the data through light from one device to another. Li-Fi technology works on a simple 

digital principle which is nothing but led is ON a digital data 1 can be transmitted and if it is OFF digital data 0 can be 

transmitted .So, in this project work we are going to switching the LED s very quickly .These fast switching can be achieved by 

PWM technique to transmit digital data stream containing strings. To acquire this, we are programming the microcontroller to 

vary the duty cycle of the PWM signal which has the task of regulating the current in the LED. The biased current is fed to LED 

driver unit. The power of LED is varied according to the waveform of data signal. At the receiver side photodiode sensor 

produces a current proportional to the received instantaneous power. From this data can be filtered and it can be used to control 

application system like motor, lamp and so on. 

II. TECHNOLOGY DETAILS 

LI-FI is a 5G visible light communication system that uses light from light emitting diodes (LEDs) as a medium to deliver 

networked, mobile, high-speed communication in a similar manner as Wi-Fi..Li-Fi could lead to the Internet of Things, which 

everything electronic is being used as Li-Fi internet access points. The Li-Fi market is projected to have a compound annual 

growth rate 82% from 2013 to 2018 and to be worth over $6 billion per year by 2018. 

Visible light communication (VLC) works by switching bulbs on and off within nanoseconds, which is too quickly to be 

noticed by the human eye. Although Li-Fi bulbs would have to be kept on to transmit data, the bulbs could be dimmed to the 
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point that they were not visible to humans and yet still functional. The light waves cannot penetrate walls which makes a much 

shorter range, though more secure from hacking, relative to Wi-Fi. Direct line of sight isn’t necessary for Li-Fi to transmit a 

signal; light reflected off the walls can achieve 70 Mbits/s. 

 
Fig. 1: LED light- bulb with a signal modulation chip 

 

 System Design 

 A.5.9 Ghz DSRC Wireless: 

Dictated short range(1000) communication (DSRC) for Intelligent Transportation System (ITS) has opened the door to hundred 

of projects and applications of vehicle to vehicle communication around the world. In 1991 the US federal communication 

commission reserved licensed bandwidth of 75 MHz spectrum around 5.9 GHz that allows information to be exchanged among 

vehicles regardless of their brand. This spectrum will provide very high rates with low latency and high security in matter of 

supporting this wireless communication between vehicles, set of standards were needed to ensure that vehicles understand each 

other , for example ,IEEE 802.11p-2010 standards of wireless link for V2V communication  and IEEE P1609.x/D5.8 protocol for 

information  across the wireless link. 

 Wireless Ad Hoc Networks: 

Vehicular Ad-hic network (VANET) technology was introduced in 2000 as a specified application of mobile and hoc networks 

(MANETS). This network uses vehicles in the road as a router or node in order to communicate at a distance of 100- 300m 

several protocols. The networks basically rely on Wi-Fi. Wi-Max and DSRC technologies in addition to 3G networks. 

 Without Wi-Fi Or GPS: 

Vehicle to vehicle communication system that does not require a tracking global positioning system or even a Wi-Fi or 3G 

wireless connectivity. It was proposed to use programmable interface controller (PIC) sonar which sends40KHz short pulse of 

sound that is undetectable by human ear. The echo of signal will be detected by microcontroller. The distance is calculated by the 

time required for echo signal to be transmitted and received. This technology is demonstrated in the fig below. Fig1. 

Communication between vehicles using sonar pulse. Several research works in literature for vehicle to vehicle communication 

using an advantage of light. As light frequency spectrum is huge it is beneficial to be adopted in a short-range wireless 

communication. Several research works have been attempted in literature for vehicle to vehicle communication using an 

advantage of light. As light frequency spectrum is huge, it is beneficial to be adopted in a short-range wireless communication. 

In this work, we aim to develop a cost effective yet inexpensive mechanism for vehicle to vehicle communication through the 

use of an optical wireless communication medium, which is light. 

 
Fig. 2: Communication Between Vehicles Using Sonar Pulse Room Layout And Room Configuration 

 Room Layout And Room Configuration: 

Additionally, weconsider the effect of multipath propagation for indoor wireless environments. For such systems, the received 

optical signal experiences time dispersion due to the reflections from walls and other objects. In practice, most of these reflection 

are diffuse in nature and modelled as Lambertian. Therefore, for such systems, the total channel impulse response (CIR) includes 

the contribution of both the line-of-sight(LOS) and the multiple reflections from diffuse components.In literature, several 

methods have been proposed for calculating CIR of the diffuse part. These methods are generally based on ray-tracing models 

and the computational complexity of these approaches depends upon the number of reflection considered. In this work, we use 

recursive algorithm proposed by Barry in. In this method the room surface for each is decomposed into a number of reflectors 

and the reflected lights are summed at the receiver. We consider a medium sized room of dimensions as shown in Fig 3. An array 
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of (2x2) LED lamps is installed on the ceiling in an symmetrical arrangement to insure room illumination, with coordinates 

shown in Fig 3(b). 

  The receiver is positioned at the height of 0.85 m above the floor pointing vertically towards the ceiling.  The receiver field of 

view (half angle) is set to 700 and we do not  consider any receiver lens. Moreover, we show results for two receiver positions R1 

and R2:R1 being at the centre of the room with coordinates (2.5 m , 2.5 m ) and R2 is at the room corner with coordinates (0.5 

m,0.5 m ). 

  The reflection is coefficient of the Lambertian reflector such as walls, floor, and the ceiling are considered to be 0.74, 0.61 and 

0.38, respectively. We calculate the CIR with a time resolution of 0.2 ns and consider upto 8 diffuse reflections.The dispersion 

caused by the LED has been modelled by means of a Gaussian low-pass filter. The multipath propagation effect has been studied 

based on a scenario where four lamps are placed in a medium size room at different locations.  

 
Fig. 3: Room Layouy 

 
Fig. 4: Room Automation Layout 
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 Block Diagram 

 Application Sections 

 
  Fig 4.applications sections 

 

 Control Section 

 
Fig 5.Conrol sections 

 

 Power Supply Unit 

The AC voltage typically 220vrms is connected to a transformer which steps that AC voltage down to the level of the desired DC 

output A rectifier then provides a full wave rectified voltage that is actually filtered by a simple capacitor filter to produce a DC 

voltage resulting dc voltage usually some ripple or AC voltage variation. 

 Serial Communication Unit 

The serial communication unit contains MAX 232 IC and two serial ports.One serial port connects the GSM module and another 

port connects the GPS module.Serial communication is basically the transmission or reception of data one bit at a time.Today’s  

computers generally address data in bytes or some multiple thereof.A byte contains 8 bits.A bit is basically either a logical 1 or 

zero.Everycharacter on this page is actually expressed internally as one byte.The serial port is used to convert each byte to a 

stream of ones and zeroes as well as to convert a stream of ones and zeroes to bytes .The serial port containsaelectronic chip 

called a Universal Asynchronous Receiver/Transmitter(UART)that actually does the conversion. 
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 Fig. 6: system model 

 Li-Fi Hybrid Down Link System Model 

As shown in fig. 6,a Li-Fi/Wi-Fi hybrid downlink system model is considered.This hybrid network covers an indoor area by Nc 

Li-Fi Aps and a single Wi-Fi AP.In the scenario,users are uniformly distributed and move randomly.All of the Aps are connected 

to a CU through error free inter-connection links. Each Li-Fi AP is a large light emitting diode(LED)lamp which contains many 

low power LEDs 0,and each user has a photo detector(PD).It is assumed that all of the PDs are oriented perpendicular to the 

floor.This means that the angle of irradiation is equal to the angle of incidence. The Field of View (FOV)of the LEDs and PDs 

can be designed so that the transmission can be contained within a certain space.Also,the walls of aroom block light completely 

which means that there is no co-channel interference between rooms.Thus ,each Li-Fi AP in this model covers a confined 

area,regarded  as an autocell. In each autocell,the Li-Fi Aps use the same modulation bandwidth.Users that reside in the 

overlapping area of Li-Fi autocells and are served by the Li-Fi Aps would experience co-channel interference(CCI),which is 

treated as additional noise in this study.The Wi-Fi AP is assumed to cover the entire indoor area.Each user is either connected to 

a Li-Fi AP or the Wi-Fi AP for downlink wireless communications.In this hybrid network ,due to the fluctuating channel state 

information(CSI)of mobile users,the network load balancing should be undertaken in regular intervals.It is assumed that the CSI 

in both Li-Fi and RF systems remains constant for a short period which is defined as a state,  and changes to a new value in the 

next state.The interval time between two neighbouring states is denoted by TP .In each state,the load balancing configuration is 

assumed to be fixed and users receive constant data rates.The natural number n denotes the sequence number of the states.In the 

model, , C = {c| c ∈ [0,Nc],c ∈{Z } is denoted as the set of Li-Fi Aps and the Wi-Fi AP,where c=0 represents the Wi-Fi AP and 1 

≤ c ≤ NC represents the Li-Fi Aps.The set of users is denoted by U.A full buffer traffic model is considered so that the maximum 

achievable data rate cab be evaluated for each user at all times. 

 Li-Fi Channel Model 

The optical channel gain in indoor scenarios consists of the line of sight(LOS)component and the reflection component. 

Wi-Fi AP 

Li-Fi AP 

Optical Autocell 

Mobile User 

Fixed User 

Router 

The LOS channel gain is expressed as:  

Hµ,α =( (m+1)AP 2π(z2 µ,α+h) g(θ)TS(θ)cosm(φ)cos (θ)), 

θ < ΘF 0, θ < ΘF 

where m is the Lambertian index which is a function of the half-intensity radiation angle θ1/2,expressed as 

m=−1/log2(cos(θ1/2)); Ap is the physical area of the receiver photo-diode; zµ,α is the horizontal distance between Li-Fi AP α to 

user µ; h is the height of the room; φ is the angle of irradiation; θ is the angle of incidence; ΘF is the half angle of the receiver’s 

FoV; Ts(θ) is the gain of the optical filter; and g(θ) is the concentrator gain, which can be written as:  

g(θ) =( χ2sin2ΘF) , 0 ≤ θ ≤ ΘF , θ > ΘF 

Where χ is the refractive index.According to [12] ,the reflection component is negligible when the Li-Fi baseband modulation 

bandwidth B is less than 25 MHz. In this study,it is assumed that B = 20MHz and the reflection component is not considered in 

the Li-Fi channel model.In Li-Fi systems, the baseband communication with intensity modulation(IM) and direct detection(DD) 

is used [13].The Li-Fi signals are transmitted in the form of  optical power,which should be positive and real.In this study,the 

direct current biased optical orthogonal frequency division  multiplexing (DCO-OFDM) method is employed [13].The DC 

optical power is denoted by Popt,and the DC bias added to the modulated signals ensures the output signals are 
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positive.Moreover,in order to guarantee the real –valued signals,all of the symbols on OFDM subcarriers are designed to be 

Hermitian symmetric ,and thus the signals transmitted in the time domain are converted to real numbers.In this case,only half of 

the bandwidth is used for data transmission.In addition ,the LED lamps would operate in the linear region where the output 

optical power is proportional to the modulated input voltage. This region henceforth is termed as the linear working region of the 

LED. The signals outside this region. 

III. RESULT AND DISCUSSION 

Initially ,a basic receiving and transmitting circuits were implemented and simulated.The purpose of implementing the circuits is 

to understand the main and basic concepts of optical wireless communication using LED as transmitter and a photodiode as 

receiver.The simulated transmitter circuit and results of simulation are shown in figures 7 and 8. 

 
Fig. 7: Simulation of basic Receiving circuit 

 
Fig.8. Simulation of basic transmitting circuit 

The voltage representative of data from the source is changing between 0V and 5V.When voltage is low,there will be no 

current passing through the LED.Thus ,the LED should be off.similarly,when the voltage is high,the current will pass through the 

LED.Consequently ,the LED id on . Note that the LED driver is  here in order to improve the illumination of LED so that the 

transmitting distance would be longer.Besides that,LED driver will regulate the current passing through LED.  

The photodiode output current is alinear function of light intensity which is usually small;therefore the output of the 

photodiode was amplified using trans-impedance amplifier(TIA)which is shown in figure 8. 

 
 Fig.9. Simulation of trans-impedance circuit 
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Fig. 10:  Implementation of transmitting circuit 

 
Fig.11. Implementation of receiving circuit 

Since the transmitting and receiving systems cannot be tested as whole via simulation,experimental testing in the lab was 

done.The basic circuits were tested to prove the functionality of the chosen LED and photodiode.Figures 9 and 10 show the 

implementation of basic transmitting and receiving circuits. 

IV. CONCLUSION 

 In conclusion,the concept of Li-Fi had been introduced along with existing techniques and classical trends used for vehicle to 

vehicle communications and for home automation purpose.As this project  aims to propose a cost effective solution to reduce 

accidents and home automation,the design guidelines and details of system components were thoroughly explored.Due to 

unavailability of all system components,proof of concept has been illustrated in this paper by sending data through Li-Fi small 

scale prototype.Both numerical simulations and experimental work were presented and results agree well. 
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