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Abstract 

Over the past few years a lot of new communication techniques have been discovered. From 5G communication 

systems to visible light communication a lot of progress in the fields of high-speed communication have been 

explored. As part of our work we concentrate on communication under water as well. In our work, we transmit 

our data in optical form with the help of laser which is received by the camera on the receiver side. The best 

colour model is chosen to identify laser light for Li-Fi communication using video processing techniques. In the 

future, with further research and development, we can achieve more efficient transmission using Li-Fi with 

much higher rates. 
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1. INTRODUCTION 

Communication, in Latin means, to share. It is the sharing of ideas, concepts or any information between 

different individuals through verbal or non-verbal means (symbols, signs, etc.) under different conditions. Wi-Fi 

being one of the fastest communication media, uses radio spectrum to provide wireless high-speed Internet and 

network connections. With the help of a Wi-Fi router,it transmits data using radio waves with a maximum speed 

of around 1-2 Gbps [11]. Although Wi-Fi has its application in various fields such as education, automation, 

industries, military, etc., its disadvantages are still a concern, like interferences of networking signals, speed and 

range of the signals. 

Light-Fidelity, known as Li-Fi uses light as a carrier instead of traditional radio frequencies, as in Wi-Fi for 

wireless-communication[12]. Professor Harald Haas, from the University of Edinburgh in the UK, is widely 

recognised as the original founder of Li-Fi [13]. The operational procedure is very simple-, if the Laser is on, 

you transmit a digital 1, if it’s off you transmit a 0 [12]. 

Importance of an upgrade to existing technology is what we all have been focusing from a mediocre level of 

transmissions to high-level data transmissions which are done these days. Li-Fi is an upgrade to our existing 

technology for a higher speed of data transmission overtaking Wi-Fi. Li-Fi can be relied upon due to its high 

privacy where, in Li-Fi the light is blocked by walls helping in more secure transfer of data, wherein, the RF 

signals used by Wi-Fi are not blocked by walls and hence some techniques need to be employed in order to 

secure the data. Li-Fi uses light for data transmission while Wi-Fi uses electromagnetic waves at radio 
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frequencies for data transmission. Li-Fi is used in more dense environments due to less interference incurred by 

light compared to radio frequency waves [14].  Based on the above advantages of Li-Fi over Wi-Fi, the 

applications of Li-Fi can be used in many fields as a substitute to Wi-Fi, such as communication in airlines, 

operation theatres in hospitals, and undersea explorations. 

Recent research found out the maximum speed of Li-Fi as 224 GB/s which is almost equal to getting twenty 

movies with 4K resolution in a blink of eyes. The most modern Wi-Fi transmission is capable of transferring a 

maximum of 2Gb/s for an 802.11ac practically though the theoretical values might promise more, thus Li-Fi is a 

well dependable next generation mode of transmission that can be used if furthermore researches are done to 

reduce the latency which is not a major concern when it is about Li-Fi and also to overcome the limitation faced 

by Li-Fi over the most used mode of data transmission. 

2. LITERATURE SURVEY 

Prof Roma Jainet al., (2016) Wireless Data Communication Using Li-Fi Technology [1] where indoor visible 

data transmission using visible light in the form of LEDs is proposed. Based on numerical analyses and 

computer simulations, it can be inferred that the LEDs which are used as optical sensors are suitable for indoor 

data transfer. Here, LED bulbs were used at the transmitting side, where the LED bulbs were controlled by a 

computer system using MORSE code and the data was obtained on the receiver side using photodiode, 

therefore, the human eyes can detect the light but not the data passing with the light, thus LEDs are not just used 

for illumination of the room, but also for optical wireless data transmission. 

Divya Kiranet al., (2018) Subaquatic message transmission using Li-Fi [2], the proposed system transfers voice 

signal, which is transmitted using light waves. Audio signal is passed through the transmitter, and then passed 

through bandpass filter, audio amplifier, etc., for further process and then fed to LED in the form of binary data 

and at the receiver, the data is converted into electrical signals, later undergoing further processes in order to 

extract the audio signals through speaker.This type of communication can be used for faster data transfer, with 

secured information. 

Hemani Kaushal et al., (2016)Underwater Optical Wireless Communication [3], in this paper, the main focus is 

to understand the feasibility and the reliability of high data rate underwater optical links due to various 

propagation phenomena that impact the performance of the system, giving an overview of underwater optical 

wireless communication. The proposed model suggests that the transmitter is equipped with projection optics 

and beam steering elements in order to focus and steer the optical beam towards the position of the receiver and 

is allowed underwater, whereas, on the receiver side, the information is received and optical-electrical 

conversion takes place. The electrical signal is then allowed to pass through a signal processing unit and a 

demodulator for recovering the originally transmitted signal. A hybrid approach to an acoustic-optic 

communication system is presented that complements the existing acoustic system, resulting in high data rates, 

low latency, and an energy-efficient system. 

G. Pravin Raj et al., (2017) Underwater Communication through Light Waves [4], this proposed model sends 

data from a transmitter submarine to receiver submarine via voiced signals transmitted using light waves with 
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low noise. The voice signals are converted into digital values which are in turn converted into RGB values.  

These values are converted into light waves and received at the receiver, converted to digital signal and then 

voice signal is extracted.The voice signals used in this system is designed to recognize languages and identify its 

location. MATLAB and GUI were used as software implementations. 

Shubham Chatterjeeet al., (2015)Scope and Challenges in Light Fidelity (Li-Fi) Technology in Wireless Data 

Communication [5], this paper says about the advantages of Li-fi over Wi-Fi, stating that Li-Fi can solve various 

problems raised due to Wi-Fi. Also, the exploration of the future scope of data transmission using visible light 

communication (VLC) by making it one of the most efficient modes of communication.  

Shlomi Arnon(2010), Underwater optical wireless communication network [6], this paper says that underwater 

acoustic communication is no more feasible and optical communication is the solution for high rate data 

transfer. The proposed model is presented for three types of optical communication links. It is analysed and 

found that as the water absorption increases, the communication performance is decreased dramatically for all 

three link types. So, by using scattered light, this decrease was mitigated to some extent in some cases. It was 

concluded from the analysis that high rate data transmission underwater is a feasible solution for emerging 

applications such as UUV-UUV links and the network of sensors, and extended applications in these fields can 

be achieved by applying a multi-hop concept. 

3. PROTOTYPE OF UNDEWATER COMMUNICATION USING LI-FI WITH VIDEO PROCESSING 

 

Figure 3.1: Illustration of Li-Fi Communication system 

For the above setup, the data (text) which is to be transmitted is given as input through MATLAB. Using a 

suitable coding technique, the data is converted into the digital form which is analysed by Arduino Uno. The 

Arduino Uno, in turn, controls the switching of the relay which in turn controls the on and off operation of the 

laser. 

At the receiver side, we are using a quantum camera with a frame rate of 30fps, an angle of view as 58 degrees. 

This camera is connected to a laptop which has MATLAB software running. This capture and records the 

images of the laser continuously. These images are processed by using various image processing techniques 

available in MATLAB. The major steps in image processing are image acquisition, colour processing, 

segmentation, noise removal, and feature extraction. From the processed image the required information is 

extracted and is converted into digital form using the same coding technique as used in the transmitter which is 

then decoded to get back the original data. 
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4. PROPOSED METHODOLOGY 

4.1 Making Laser work above the ground 

Before making the entire model work underwater, it was first checked above the ground. We have used 

Quantum Web Camera, Laser, and MATLAB software. A laser is used as the transmitting source and Camera is 

used at the receiver to capture continuous images of the flickering of Laser.  

The input to the transmitter circuit is given through MATLAB. The data which is to be transmitted is 

first converted to digital form. Arduino Uno analyses the digital data and controls the switching of the relay, 

thus controlling the operation of the Laser. The camera at the receiver side records the flickering of the Laser 

continuously. These video frames are analysed and processed using image processing techniques. 

The step-wise process of image processing techniques are: 

Image acquisition: The first stage of an image processing system is the Image acquisition stage. In this stage, 

the image is read and converted to an algorithm. Here, the images of Laser are captured under different 

background conditions like red background, plants, glass as background, open area etc. 

Colour processing: The colour image includes the colour information of each pixel. The image is stored in the 

form of a matrix. Each element in the matrix contains R, G, and B by default and each scale consumes 8bits of 

memory, summing up to 24 bits by all the three scales. When only one colour(R, G, or B) is extracted from the 

image, it consumes only 8 bits of memory making it memory efficient. There are four colour models namely 

RGB, YCbCr, GRAYSCALE and HSV. We took a number of images with various backgrounds and tried 

extracting different colour models on each image. 

The below image was considered for a white background and was further analysed to conclude the suitable 

colour models. The same is done to all the images taken with different models. 

 

Figure 4.1.1: Image with white background 

Based on the above image for this background and for all the other backgrounds, we then analysed each 

extracted image and concluded that Y and S are the suitable colour models for most of the images.  

Segmentation: Segmentation is the process of changing the representation of an image to make it easier to 

analyse. The image will be saved in the form of a 2D matrix. The values in the matrix are checked if it lies in the 

given range (ex: 232-235). If it lies in the given range, then that pixel is updated with value 255 (white) and if it 

fails then the pixel is updated with value 0 (black). By checking all the elements of the matrix and changing the 

values depending on the condition we get the complete image in only black and white colour.  
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Noise removal:Anything other than the required data is considered as Noise. When an image is captured, it 

captures along with the background. So, the background becomes the noise which has to be removed. The Noise 

is removed by using suitable filtering techniques. 

Feature extraction: The process of extracting the required information from the image that has undergone 

various steps of image processing techniques is called feature extraction.The processed image frames are 

converted into digital form using a suitable coding technique, which is decoded in order to obtain the original 

data. 

4.2 Making Laser work underwater: 

To make Laser work underwater the above steps are carried out underwater with the slight changes in the 

position of the camera. The Setup must be properly packed and isolated from the water to avoid damage to the 

hardware. When the laser is immersed under water the light undergoes refraction and deviates its path slightly. 

So, the camera must be positioned accordingly. 

5. RESULTSAND DISCUSSIONS 

We have obtained colour models of images with different backgrounds and here is the sample of all colour 

models of the image Figure 4.1.1. 

 

Figure 5.1:R Figure 5.2:G       Figure 5.3:B 

 

Figure 5.4:Y                        Figure 5.5:CbFigure 5.6:Cr 
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Figure 5.7: H       Figure 5.8: S  Figure 5.9: V 

Fig: Different colour models for the image in Figure4.1.1 

 

Below is the colour chart used to analyse the quality of each colour model of the imageFigure 4.1.1 with a 

particular background. This chart is done for all images with different backgrounds. 

R G B Y Cb Cr H S V 

✔✔ ✔✔ ✔✔ ✔✔ ✔ ✔ ✖ ✔ ✔✔ 

Table 5.1: Color Chart 

✔- Good quality image    ✔✔- Very good quality image   ✖- Bad quality image 

From the above images and the color chart, we conclude that Y and S are suitable color models that can be used 

to extract the data. Even if the other color models have good quality for this image, it is not the same for all the 

images, and therefore we conclude Y and S as the suitable color models based on all the images. 

6. CONCLUSION AND FUTURE SCOPE 

The Communication range of Li FI is higher, it does not disperse under water, power consumption is lesser, the 

packaging is smaller, higher data transmission speed can be achieved. With all these advantages we conclude 

that Li-Fi is a better technology that can be used for underwater communication when compared to acoustic 

methods of communication underwater. From the given proposed model, we concludethat Y and S being the 

suitable colour models, for most of the backgrounds, from image processing techniques to obtain the original 

data in order to achieve underwater communication using Li-Fi. 

In the future, a higher end camera and laser can be used to achieve better efficiency and higher transmission 

speed. A camera and a laser can be used at both receiver and transmission end to establish two-way 

communication. 
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