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Abstract.  Over the decades, radio waves have been the leading source for data transmission. Wi-Fi (Wireless-fidelity), Infrared, Bluetooth, and Zigbee are examples of wireless communication that require radio waves for information transmission. Despite the extensive adoption of these technologies, exploring new methods for wireless and efficient data transmission has become an utmost priority. One of the solutions to this problem is Light Fidelity (Li-Fi), which uses light instead of electromagnetic waves as a medium. Li-Fi, an example of visible light communication (VLC), operates via a light-emitting diode to transfer data by flickering them at a very high speed, which cannot be notifiable to the eye. This paper implements the VLC system using readily available electronic components like Arduino and LED. In this paper, we have researched the domains of wireless communication and emphasize a novel approach to transmitting data by harnessing visible light. Our study focuses on the concept of light-based information transfer, which takes advantage of the properties of visible light to send data wirelessly. By using existing lighting infrastructure, such as LED bulbs, we aim to amplify the capacity and efficiency of wireless networks while reducing interference. 
Through extensive research and experimentation, we have provided insight into the feasibility and practicality of utilizing visible light as a means for information transmission. We analyze the advantages offered by light-based data transfer, including its ability to provide higher bandwidth, greater security, and immunity against electromagnetic interference. Moreover, we examine various connectivity solutions by comparing into the lumens of various light sources namely Standard bulb, Halogen, CFL and LED operating at energy of 40 W.
The results obtained highlight the nature of visible light communication (VLC) systems and their potential to revolutionize wireless networks. We also address the applications and limitations associated with VLC.
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Introduction
 With the progression of the Internet of Things (IoT), the demand for internet has increased considerably. Smart devices like Smartphones, smart watches, smart tv’s, smart lighting systems have become indispensable in common man’s livelihood. Due to constant processing and sensing abilities of these smart devices, the user needs to be continuously connected to the internet and cloud. This has led to Wi-Fi Spectrum Crunch which has risen due to everlasting demand of radio waves dedicated to Wi Fi for the internet. Consequently, the present architecture is not sufficient for wireless communication [7], [8].
Visible Light Communication (VLC) [9], [10] presents an effective substitute to the prevailing concern of Wi-Fi spectrum. VLC take into consideration frequencies which are higher than radio waves enabling wireless communications at rapid speed. Additionally, the popularity and accessibility of LEDs, has enabled new horizons for optical communication [11], [12]. Lastly, the growing research in the visible light have revealed Li-Fi technology [13].
Li-Fi (Light Fidelity) uses optical light for high-speed optical wireless communication. LED (Light Emitting Diode) is made to blink rapidly to transmit information hence enabling digital communication by varying the intensity of LED. This technology has widespread use in the areas where the application of Wi-Fi (Wireless Fidelity) is prohibited. Additionally, it eliminates hazardous health effects due to exposure of radio waves. The data transmission using Light is more secure and cannot be hacked easily. The utilization of light as a means of communication to transmit information has been termed as Li-Fi (Light - Fidelity) by Harald Hass at the University of Edinburgh [3]. Just like Wi-Fi technology, Li Fi also transmits the data wirelessly but at much higher speed and lesser time span. By replacing incandescent bulbs with LEDs, which possess electronic properties, Li-Fi has the potential to expand Internet and transform the telecommunication field.
Wi-Fi offers wireless data coverage within premises, while Li-Fi is well-suited for providing high-density wireless data coverage within specific areas and minimizing radio interference. Unlike traditional wireless communication, Li-Fi utilizes light for data transmission instead of radio waves.[2]. The speed of data transmission is about 15Mbps, though it is aimed to improve up to 100 Mbps by 2025. Li-Fi can be achieved by fitting a small microchip to every possible illumination device [5], thereby combining two basic functionalities: illumination and wireless data transmission [20]. This technology solves the most important concerns faced in wireless communication i.e capacity, cost, efficiency, and security. VLC is a vital fragment of 6G [36] and its ultra-speed transmission will collaborate with supplementary communication approaches to benefit our everyday livelihoods [14]. The application of the LED lights for VLC as a short-range information transferor may be sustainable compared to the RF-based mobile systems [15].APs (Access Points)might be deployed worldwide for eco-friendly and even brighter future. LiFi has certain problems such as path loss, sensitivity to obstructions and Non-line-of-sight (NLOS) [22] [29].

This paper provides an insight into the design and construct a data transmission system that transmits data effectively via Li-Fi technology using off the shelf electronic components. The key objectives of this paper are:
i. To give the brief introduction to the VLC
ii. To design and construct the hardware implementation of the transmitter’s microcontroller unit using Arduino.
ii. To design and construct the receiver’s microcontroller unit using a photodiode and display it using LCD.
iii. To Implement the Arduino code on the PC (Transmitter & Receiver) to enable text data processing.
[bookmark: _Ref467509391]Visible Light Communication (VLC)
	Visible light communication (VLC) is a type of data transmission, which exploits optical spectrum in the range of   400 THz to 800THz. VLC is a section of ocular wireless communications technology. The technology applies neon lamps to send out signals at 10kbs, or LEDs for up to 500Mbps [8]. By making use of twinkling of visible spectrum components like LEDs for Transmission, it is feasible to send out numerous diversify features speedy [17-19] and securely at any place, such as delivering sound particulars by a notice or acquire thorough congestion particulars with illumination of traffic lights.
 [image: ]
Fig. 1.: Visible light and RF frequencies at the electromagnetic spectrum.
[bookmark: _bookmark20]One of VLC’s attributes is giving full bandwidth as described in Figure 1. 

Light Fidelity (Li-Fi)
Li-Fi is an emerging technology for short-range mobile communication systems; ideally applicable for transmission of data via light using LEDs [23]. Li-Fi makes use of visible light, an underutilized segment of the electromagnetic EM spectrum as opposed to the radio frequency segment. Data can be encoded in light to transmit separate strings of 1s and 0s by modulating the speed at which the LEDs blink on and off. The rapid blinking of LED is imperceptible to human eye, making the output appear constant. Advances techniques, such as employing an array of LEDs, allows parallel data communication hence enabling higher data rates for Li Fi. Additionally, using combinations of red, green, and blue LEDs can alter the light frequency to encode different data channels.
Comparison of data rates of various light sources
This section provides a detailed insight into the lumens of various light sources namely Standard bulb, Halogen, CFL and LED operating at energy of 40 W. It is observed that LED light source depicted the maximum power saving while it was least for standard bulb. LED has rapid switching speed [30] and hence is most suitable of Li fi communication. 

	Bulb Type
(40W )
	Brightness
(Lumens)
	Rated life
	Power Savings
	Efficiency

	Standard
	400+
	1 Year
	-
	Least

	Halogen
	700+
	1-3 Year
	Upto30%
	Moderate

	CFL
	2000+
	6-10 Year
	Upto 75%
	More than Halogen

	LED
	3000+
	15-25 Years
	Upto 80%
	Most



Application of Li Fi 
Li-Fi works as a safer alternative when radio waves pose a threat to security or safety of equipment and people. This light-based technology excels in fields like airplanes, hospitals, and power plants where electromagnetic interference creates a major issue. Wi-Fi falls short due to its reliance on radio waves which makes Li-Fi ideal for such sensitive locations since it uses just light waves. A few of its potential applications are listed below:
a) Education Institutions: Use of traditional Wi-Fi technology for internet access at educational institutions and companies has been replaced since the inception of Li-Fi as a powerful tool for data transfer [32]. It not only promises ultra-fast data transfer but evolutionary leap in speed and connectivity.
b)  Medical Field: Wi-Fi is prohibited in operating theatres (OT) as Electromagnetic Interference could potentially disrupt critical medical equipment like monitors and be hazardous to patient’s health [31]. Li-Fi allows access to the internet and eliminates the risk of equipment being hampered in the Operating Theatres. Not only it ensures safe data transmission but is also efficient in conducting robotic surgery and other automated procedures.
c) In Flight connectivity: while using Wi-Fi there are lots of interference with navigation Systems instead of this Li-Fi provides in flight connectivity without any interference with navigation systems [33]
d) Underwater usage: Due to Limited ranges cumbersome cables are replaced by high powered light sources, which Transmit data wirelessly deeper to explore underwater world [16] [25].
e) Vehicular –VLC:  V-VLC communication system   can assist from the vast existing spectrum and the freely accessible LED based lighting systems of new cars [24]

Key Features of Li Fi 
Li-Fi is a rapidly evolving technology which used light emitted waves thus offering several advantages as compared to traditional Wi-Fi. Some of these advantages include:
a) Energy Efficiency: Energy utilization in the process can be curtailed with the help of LED display which is easily accessible in homes, offices, hospitals, shopping malls etc. Thus, the insignificant power requirement is there for the communication of data, it is well organized focus on both costs and energy optimization [34]. 
b) Transmission Rate: Li-fi gives high data proximity i.e. more than one Giga bit per second, with a combination of very low interference, high-intensity output with high bandwidth [26].
c) Accessibility: Li-Fi offers internet access wherever there is a light source available which make it so much more accessible than Wi-Fi. Light source is available everywhere from our houses and offices to airplanes and this makes Li-Fi potentially near ubiquitous for data transmission [21].
d) Low Cost and secure Solution: Li-Fi uses simpler and easy to maintain components and it requires minimal power consumption since it works on light energy which makes it cost efficient [35].
e) Futuristic scope of Li-Fi technology. Widespread usage and adoption of LED’s in our day-to-day life paves a way for embedding Li-Fi technology in our environment [27].
 Drawbacks of Li-Fi
Major drawbacks of Light-Fidelity are:
a) Dependence on Light: Since Li-Fi requires continuous light to work so its usage is limited to areas with a light source.
b) Line -Of-Sight: Data transmission is only possible when proper line-of-sight is available.
c) Effect of Obstructions: Opaque articles can cause hindrance to data transmission.
d) Light Sensitivity: The speed by which data is transmitted depends on the type of light used. It varies for natural light, sunlight or electrically generated light.
e) Limited Range: It has shorter range as compared to Wi-Fi.
f) High Installation Cost
Li-Fi Communication System
The transmitter part of VLC is shown in Fig2, input is given with the help of keypad which is processed by the switching control unit (Arduino) .Arduino converts the information into binary pulses which are transmitted with the help of LED Light source. Via blinking of LED to the receiver side.
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Fig. 2. VLC Transmitter Section 




In the receiver section, with the help of sensor( LDR Photodiode),  binary pulses from the transmitter side are converted into electrical signal, Arduino receives these pulses and converts it into actual data and which is displayed on LCD display.
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Fig 3 . VLC Receiver Section

[bookmark: _Hlk157503516]Figure 4 shows the interconnection of the hardware components for data transmission. using single microcontroller (Arduino board) .


Components of VLC System
For the implementation of the VLC system, the hardware section consists of the components listed in the table 1.
Table 1. Hardware Section containing 
	Name of the devices/ Component used 
	Description

	Arduino Uno





LDR Module
	Arduino is an open-source platform used for building electronics projects. Arduino consists of both a physical programmable circuit board (often referred to as a microcontroller) and a piece of software, or IDE (Integrated Development Environment) that runs on your computer, used to write and upload computer code to the physical board.

There is a one-sensor module that is used to measure light intensity as well as to detect the presence of light. when light falls on the module the output becomes HIGH and out of the module goes to low as light is absent.

	
	

	Jumper Wires
	Jumper wires are used to provide a connection between the LDR module, and Arduino, and with other components, there is no need for soldering. Different colors of jumper wires help to identify the point where the wire is connected.


	Breadboard
	
A slim malleable board used to grip electronic elements (diode, transistors, capacitor, resistors, chips, etc.) that are uptight with each other. Utilized to grow a sample of electronic circuits, breadboards can be employed for upcoming jobs.
Instead of using PCB a breadboard (its name is bread because of its physical structure which is similar to bread sometimes called a protoboard)

	LCD
Display
	LCD is a leveled console exposed to view, it uses liquid instead of cathode ray. It uses a combination of two states of matter solid and liquid both together to make the visible image. LCD screen works by blocking the light rather than emitting the light.

	LED
	A semiconductor device that emits light when current flows through it or when voltage is applied is known as a Light light-emitting diode (LED).

	Switches
	Switches allow to connect dozens of devices



The concluded information conveyance system is such away a microcontroller (Arduino board) is utilized to encrypt, decrypt, and provide power to the sender and recipient circuits.
After the workout of the resistor values and design in the sender and recipient circuit, entire elements of the circuit were put on a prototype board meticulously accompanied by jumper wires, and for point-to-point continuity test was done by using the multimeter.      So that make sure correct experimentation of the system and circumvent its susceptibility to errors, the sender and recipient circuits were assembled on a single protoboard and the LED and LDR were adjacent to each other as depicted in below image 4.
[image: ]
Fig. 4. Hardware Implementation of VLC System
Hardware Implementation of VLC System
The hardware employment of the VLC system is composed of the subsequent different chunks: 
1. Information wrapping and ciphering: This is achieved by the Arduino attached to the sender circuit. It transforms the content into bits and dispatches consecutively as a small or High-voltage signal.
2.  Apparatus control;
3. Transmission co-exists;
4. Communication Decipher: This is achieved by using the photo-sensor that transforms the luminance signal to a correspondent signal of different magnitudes and then proceeds it to the circuit that amplifies the signal, known as an amplifier. 
5. Error handling: This is brought out by the circuit that is mapped out to maintain a constant output signal level (AGC: Automatic Gain Controller), which is just after the photodiode. It makes sure that a “0” is different from a “1” bit. 

Every time a user wishes to dispatch information to a second user, the subsequent order will be followed:
1. At first, note the serial port number at the PC where the uno board is attached.

2. After completion of uploading the sketch, the serial monitor of Arduino is opened and the text to be dispatched is typed in the text box of the serial monitor of Arduino. 

3. The network module will safeguard it and indicate the pass on the signal over the LED.

4. The Arduino attached to the collecting computer will gather the string from the medium i.e. the photosensor, and have it to the heart of the accepting computer.

5. The arrived content is then put on view utilizing a 16*2 LCD console.
4. Conclusion
[bookmark: _bookmark60]This paper has interrogated the theories, applications, and restrictions of Visible Light Communication and designed a hardware for complete information transmission system to send data from a desktop to a display screen. The information passed on to the system has been assembled and tested, which manifests adequate performance. The assembled VLC Light-based data transfer system is cheaper and satisfies the vital object of this research and the inclusion of a Li-Fi medium using currently available electronic devices.
In conclusion, our research focuses on more efficient and reliable wireless communication by examining complete information transmission through visible light. Through further advancements, this emerging technology could bridge the wide gap between increasing demands for internet connectivity and existing wireless network. Through this paper we have demonstrated a VLC (Li-Fi) prototype based on the principle of Li- Fi and bears the declaration of the benefits of Li-Fi over Wi-Fi. The structure assembled does not have many restrictions as well. The Li-Fi specimen sketch does not hold up multi-user access. The speed attained with this specimen is eleven thousand five hundred twenty bits per second only which is not of the elevated sequence of Gigabits per second. As well, the well-known specimen is unidirectional. Consequently, it is dedicated to broadcast ground. The constraint of this complete task can be eliminated by using top-quality devices.
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