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ABSTRACT 

Underwater data communication represents a promising avenue for 

establishing effective communication channels beneath the water's surface. However, 

transitioning laboratory experiments into real-world applications encounters significant 

challenges due to inherent limitations in scale and authenticity. While artificial 

scattering agents have been utilized to mimic natural water conditions, achieving 

reliable similarity between experimental and natural environments remains a daunting 

task. The accurate replication of frequency domain characteristics is paramount for 

successful communication, demanding advanced simulation techniques and a 

thorough understanding of environmental factors. Efforts are ongoing to refine 

experimental setups and enhance the fidelity of simulations, aiming to bridge the gap 

between laboratory conditions and the complexities of real-world underwater 

environments. Ultimately, these endeavors strive for robust and dependable 

underwater data communication solutions to meet the demands of diverse underwater 

applications. In the realm of underwater data communication, the challenge lies not 

only in replicating the conditions of natural water environments but also in adapting to 

the dynamic and unpredictable nature of underwater settings. Laboratory experiments, 

while valuable for initial testing, often fail to capture the full spectrum of factors at play 

in real-world scenarios, such as varying water depths, currents, and marine life 

interference.  
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1.1 GENERAL 

CHAPTER 1 

INTRODUCTION 

 

Underwater wireless information transmission is of great importance to the 

military, industry, and the scientific community. To facilitate all these activities, there 

is a rise in the number of unmanned vehicles or devices deployed underwater, which 

require high bandwidth and high capacity for information transfer underwater. Within 

the previous couple of years, the interest in optical wireless communication has 

increased for terrestrial, space, and underwater links as it is capable of providing 

high data rates with low power and mass requirements. Many researchers have 

administered work for terrestrial and space links, however underwater optical 

wireless links are relatively less explored because it is tougher than atmospheric 

links. The main difficulty for reliable underwater communication is due to the wide 

selection of physical processes in various sorts of underwater environments starting 

from shallow coastal water to deep sea or oceans. 

Optical communication may be a budding technology to understand 

underwater wireless communication. The experiment of underwater optical 

communication within the laboratory is different within the real water environment 

because the physical scale is restricted. Although in recent several decades, 

artificial scattering agents have been conditioned to recreate underwater optical 

communication channels under different water quality conditions, the similarity 

between experimental water and natural water isn't reliable, like the similarity in 

frequency domain characteristics. Facing the problem of alignment caused by 

uncertainty of the position of transmitter and receiver, poor mechanical stability 

along the complexity of the water environment, the transmission characteristics of 

underwater optical communication signals under alignment conditions are difficult to 

get within the natural seawater environment. 

An acoustic communication has been developed for the underwater wireless 

sensor network because of its relatively low attenuation, but the bandwidth of the 

underwater acoustic channel is restricted, making it less favorable for data-intensive 

applications. Besides, the slow propagation of underwater sound also results in a 

considerable delay within the underwater communication link. Underwater sensors 
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cannot share data with those ashore, as both use different wireless signals that only 

labor in their respective mediums. Radio signals that travel through air die very 

quickly in water. Acoustic signals, or sonar, sent by underwater devices generally 

reflect off the surface without ever breaking through. This causes inefficiencies and 

other issues for a diversity of applications, such as ocean exploration and 

submarine-toplane communication. 

To beat the disadvantages in underwater acoustic communication, a 

replacement approach that is in the most rising area of research is underwater wire- 

less optical communication. Initial research has begun to determine an immediate 

communication link between the satellite or aircraft and the underwater vehicle. 

Recently, underwater wireless optical communication using cheap light-emitting 

diodes and laser diodes also has been researched. Comparing the light sources 

utilized in these underwater wireless optical communication systems, it is apparent 

that the LD outperforms light-emitting diodes in terms of knowledge rate. Although 

it is difficult to transmit long distances, it is possible to unravel the matter of 

interference between symbols associated with multi-path propagation and therefore 

the security problem associated with eavesdropping employing a point-to-point 

method that exploits the laser’s characteristics of strong directivity at a brief 

distance. The blue-green laser has the minimum energy fading within the sea, 

whose fading rate is approximately 0.155–0.5 dB/m. Hence, exploiting the low 

absorption window of seawater within the blue-green portion of the electromagnetic 

spectrum, underwater wireless laser communication is estimated to play an 

important role by offering secure, efficient, and high data rate communication within 

short distances. 

1.2 OVERVIEW 

 
Normally sea navigators or fishermen require additional support from the land when 

something uncharacteristic things happens within the sea, we have to pass the 

message to them. With development of the technologies our people can predict 

what is happening in the sea, but transferring these messages to sea navigators or 

fishermen is difficult. To avoid these issues we introduce an enhanced system 

named underwater data communication. This paper discusses the underwater data 

communication system used for transferring messages to sea navigators or 

fishermen and also how we can monitor their health conditions. We use a water data 
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communication module to get the text and sensor readings to the ground from the 

navigator and this will help us to avoid the undesirable death of navigators undersea. 

Since the conditions of underground water even temperature, and pressure may 

vary in any condition; it also contrasts the body temperature and blood pressure of 

navigator. So if it lowers or higher during a wide selection, it cause even the death 

of the navigator. It also provides the needed medical aid to the concerned person. 

It is applicable for staffs of forces, marine drivers and other people who participate 

in water entertainments. This is often what we have accomplished with wireless 

underwater communications. As against hardwired communications which confines 

you to the length of a cable, wireless communications provides you the facility to 

communicate with your buddy, or top side, with ease and freedom to easily dive. 

Wireless underwater communications are a stimulating and easy way to freely stay 

connected underwater. 

1.3 BACKGROUND 

 
Acoustic communications is defined as communication methods from one point to 

another by using acoustic signals. Acoustic signal is the only physical feasible tool 

that works in underwater environment. Compared with it electromagnetic wave can 

only travel in water with short distance due to the high attenuation and absorption 

effect in underwater environment. It is found that the absorption of electromagnetic 

energy in sea water is about 45× f dB per kilometer, where f is frequency in Hertz. 

In contrast, the absorption of acoustic signal over most frequencies of interest is 

about three orders of magnitude lower. 

There are some investigations about utilizing optical signal for underwater 

applications. However, they find out that optical signal can only pass through limited 

range in very clean water environment (deep water, for example). Thus, it is not a 

proper tool for long-distance transmission underwater, or in a not-soclean water, 

e.g., shallow water, environment. Underwater Acoustic Networks, including but not 

limited to, Underwater Acoustic Sensor Networks (UASNs)and Autonomous 

Underwater Vehicle Networks (AUVNs), are defined as networks composed of 

more than two nodes, using acoustic signals to communicate, for the purpose of 

underwater applications. UASNs and AUVNs are two important kinds of UANs. 

The former is composed of many sensor nodes, mostly fora monitoring purpose. 

The nodes are usually without or with limited capacity to move. The latter is 

composed 
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Of autonomous or unmanned vehicles with high mobility, deployed for applications 

that need mobility, e.g., exploration. An UAN can be an UASN, or an AUVN, or a 

combination of both.  Fundamentals of Waves Understanding the first principles of 

each physical wave used in UWSN wireless communication is critically important. In 

this section we layout the fundamental physical properties and critical issues for 

each of the acoustic and optical wave propagations in underwater environments. 

We discuss each physical carrier’s advantages and disadvantages towards efficient 

underwater wireless communication.  Acoustic Waves Among the types of waves, 

acoustic waves are used as the primary carrier for underwater wireless 

communication systems due to the relatively low absorption in underwater 

environments. We start the discussion with the physical fundamentals and the 

implications of using acoustic waves as the wireless communication carrier in 

underwater environments.  Physical Properties: An acoustic wave has a number of 

propagation characteristics that are unique from other waves, two of which are 

highlighted below: Propagation velocity: 

The extremely slow propagation speed of sound through water is an 

important factor that differentiates it from electromagnetic propagation. The speed 

of sound in water depends on the water properties of temperature, salinity and 

pressure (directly related to the depth). A typical speed of sound in water near the 

ocean surface is about 1520 m/s, which is more than 4 times faster than the speed 

of sound in air, but five orders of magnitude smaller than the speed of light. The 

speed of sound in water increases with increasing water temperature, increasing 

salinity and increasing depth. Most of the changes in sound speed in the surface 

ocean are due to the changes in temperature. This is because the effect of salinity 

on sound speed is small and salinity changes in the open ocean are small. Near 

shore and in estuaries, where the salinity varies greatly, salinity can have a more 

significant effect on the speed of sound in water. As depth increases, the pressure 

of water has the largest effect on the speed of sound. Under most conditions the 

speed of sound in water is simple to understand. Sound will travel faster in warmer 

water and slower in colder water. Approximately, the sound speed increases 4.0 

m/s for water temperature .As the depth of water (therefore also the pressure) 

increases 1 km, the sound speed increases roughly 17 m/s. It is noteworthy to point 

out that the above assessments are only for rough quantitative or qualitative 
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discussions, and the variations in sound speed for a given property are not linear in 

general. Absorption: During propagation, wave energy may be converted to other 

forms and absorbed by the medium. The absorptive energy loss is directly controlled 

by the material imperfection for the type of physical wave propagating through it. For 

acoustic waves, this material imperfection is the inelasticity, which converts the 

wave energy into heat. Optical Waves Using optical waves for communication 

obviously has a big advantage in data rate. However, there are a couple of 

disadvantages for optical communication in water. Firstly, optical signals are rapidly 

absorbed in water. Secondly, optical scattering caused by suspending particles and 

planktons is significant. 

Thirdly, high level of ambient light in the upper part of the water column is 

another adverse effect for using optical communication. Optical Communication 

The present technology of acoustic underwater communication is a legacy 

technology that provides low-data-rate transmissions for medium-range 

communication. Data rates of acoustic communication are restricted to around tens 

of thousands of kilobits per second for ranges of a kilometer, and less than a 

thousand kilobits per second for ranges up to 100 km, due to severe, frequency- 

dependent attenuation and surfaceinduced pulse spread. In addition, the speed of 

acoustic waves in the ocean is approximately 1500 m/s, so that long-range 

communication involves high latency, which poses a problem for real-time response, 

synchronization, and multiple-access protocols. In addition, acoustic waves could 

distress marine mammals such as dolphins and whales. As a result, acoustic 

technology cannot satisfy emerging applications that require around the clock, high- 

data-rate communication networks in real time. Examples of such applications are 

networks of sensors for the investigation of climate change; monitoring biological, 

biogeochemical, evolutionary, and ecological processes in sea, ocean, and lake 

environments; and unmanned underwater vehicles used to control and maintain oil 

production facilities and harbors. An alternative means of underwater 

communication is based on optics, wherein high data rates are possible. However, 

the distance between the transmitter and the receiver must be short, due to the 

extremely challenging underwater environment, which is characterized by high 

multiscattering and absorption. Multiscattering causes the optical pulse to widen in 
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the spatial, temporal, angular, and polarization domains. Optical signal gets 

scattered badly underwater, and the absorption is also high. 

Beside of these, optical wave transmission requires high precision in 

pointing the narrow laser beams. In very clean water, e.g., deep sea, blue-green 

wavelengths may be used for short-range connection. The advantage of optical 

signal lies in its high data rate up to 100 m. Up to today, the only practical solution 

for underwater communication with acceptable range is utilizing acoustic signal, 

which travels underwater with longer distance, less attenuation, and higher 

reliability. However, available bandwidth is extremely limited for acoustic signal 

.For a very long distance at the order of 1000 km, the available bandwidth falls 

below a kHz; while only at very short ranges below about 100 m,more than a 

hundred kHz of bandwidth may be available. Lack of available bandwidth is the 

biggest issue for underwater acoustic communication /network. High bit error rate is 

common in underwater channels, due to the multi path interference and time-

varying nature of underwater acoustic channels. 

1.4 MOTIVATION 

 
Wireless transmission systems are performing better in the air medium than water. 

The underwater communication is effectively possible with the implementation of 

the advanced systems and use of modern equipments. The underwater 

communication has the impact of the factors such as salinity, turbidity, pressure, 

temperature, amount of light entering the water surface and their effects on waves. 

Application of Li-Fi technology results in improvement of communication systems 

for Navy and Submarine. The properties of this technology such as the high speed 

data transmission, high security and energy efficient behavior makes it suitable for 

the underwater communication. The proposed system will be effective in 

identification of the enemy’s position and communication between the submarines. 

The communication will be based on the coding in order to provide the data security 

using different coding languages and protocols. Light Fidelity is a wireless 

networking system that provides data transmission through light and would 

reduce/eliminate EMI concerns. The Navy and industries are looking forward for the 

application of this technology in communication. Authors have developed the 

prototype of the system based on transmitter and receiver for communication. 
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Optical communication is a potential technology to realize long-distance high- 

speed underwater wireless communication. Facing the difficulty of alignment caused 

by uncertainty of the position of transmitter and receiver, poor mechanical stability 

as well as complexity of water environment, the transmission characteristics of 

underwater optical communication (UOC) signals under alignment conditions are 

difficult to obtain in the natural seawater environment. The experiments of long 

distance UOC in the real marine environment are difficult, that is why there are 

fewer such attempts [1]. At present, the related research mainly focuses on the 

short-range high-speed optical communication in the laboratory. In the laboratory, 

to create experimental environment of UOC which close to the real seawater, the 

requirement of hardware is rigorous. In order to make the experiment effective, it is 

necessary to ensure a long enough underwater optical channel. A common method 

is to use longer pools or pipes [2]. 

The other approach is to use sets of plane mirrors [3]. These ways are 

accurate and credible for simulating direct light communication channels. To focus 

on the scattering of underwater light beams, different thinking are needed. In 

addition to the experimental vessel, the scattering and absorption of light beams in 

seawater should be simulated. In UOC experiments, artificial particles of very small 

size, commonly known as scattering agents, are often added to water to simulate 

the effects of real sea water on photons. These scattering agents include: 

Magnesium Hydroxide (MgOH2), ISO 12103-1, A4-Coarse Test Dust (ATD), and 

Maalox antacid. Due to the different micro-components, the optical characteristics 

of these agents are different. 

These artificial agents can significantly enhance the scattering characteristics 

of experimental water. But the composition of real seawater is extremely complex 

and varied. There are many organic and inorganic impurities in seawater with 

different colors, particle size and transparency. On the other hand, the seawater in 

different geographical areas is usually different. All of these lead to the unique 

optical properties of seawater optical channel. So It is a difficult task to simulate the 

optical channel of sea water. seawater optical channel is long. 
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CHAPTER 2 

LITERATURE SURVEY 

 

Pontbriand et al. (2008) provide a comprehensive review of "Diffuse high- 

bandwidth optical communications" in their literature survey published in Oceans 

2008. IEEE. They delve into the challenges and advancements in achieving high- 

bandwidth optical communication in underwater environments, discussing key 

technologies, such as modulators, transmitters, and receivers. The survey highlights 

the importance of overcoming attenuation and scattering effects to enable reliable 

data transmission in turbid waters. Additionally, it explores the potential applications 

of high-bandwidth optical communication systems in various underwater scenarios, 

from scientific research to commercial ventures. 

Rao et al. (2016) present a thorough examination of "Turbid-harbor 

demonstration of transceiver technologies for wide dynamic range undersea laser 

communications" in their literature survey featured in Oceans 2016. IEEE. They 

discuss the experimental setup and results of a demonstration conducted in a turbid 

harbor environment to test the performance of transceiver technologies for undersea 

laser communications. The survey outlines the challenges posed by turbidity and 

dynamic range requirements and evaluates the effectiveness of different modulation 

schemes and receiver architectures in overcoming these challenges. 

 Zhang et al. (2018) conduct an in-depth analysis of "Improved m-QAM-

OFDM transmission for underwater wireless optical communications" in their 

literature survey published in Optics Communications. They explore the use of 

improved m- QAM-OFDM transmission techniques to enhance the performance of 

underwater wireless optical communication systems. The survey discusses the 

advantages of OFDM modulation in mitigating multipath distortion and improving 

spectral efficiency in underwater channels. Furthermore, it examines various factors 

affecting system performance, such as channel attenuation, scattering, and 

background noise, and proposes strategies for optimizing transmission efficiency. 
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 Stramski et al. (2001) present a comprehensive overview of "Modelling the 

inherent optical properties of the ocean based on the detailed composition of the 

planktonic community" in their literature survey published in Applied Optics. They 

discuss the development of models to predict the inherent optical properties of 

ocean water based on the composition and distribution of planktonic organisms. The 

survey highlights the importance of accurately characterizing the optical properties 

of seawater for applications such as remote sensing and underwater optical 

communication. Additionally, it examines the limitations of existing models and 

suggests areas for further research to improve their accuracy and applicability. 

Jaruwatanadilok et al.(2008) conducts a thorough investigation of 

"Underwater Wireless Optical Communication Channel Modelling and Performance 

Evaluation using Vector Radiative Transfer Theory" in their literature survey 

published in IEEE Journal on Selected Areas in Communications. They explore the 

use of vector radiative transfer theory to model underwater wireless optical 

communication channels and evaluate their performance under various 

environmental conditions. The survey discusses the impact of factors such as water 

turbidity, scattering, and absorption on channel characteristics and proposes 

methods for optimizing system design and performance. 

Sahu Shanmugam et al. (2018) undertake a detailed study on "the impact of 

particle scattering on the channel characteristics of underwater optical 

communication system" in their literature survey published in Optics 

Communications. They investigate the effects of particle scattering on the 

propagation of optical signals in underwater environments and analyze its 

implications for the design and performance of underwater optical communication 

systems. The survey discusses the challenges posed by scattering-induced signal 

attenuation and degradation and explores techniques for mitigating these effects 

through signal processing and system optimization. 

Stojanovic Preisig et al.(2009) provide a comprehensive analysis of 

"Underwater acoustic communication channels: propagation models and statistical 

characterization" in their literature survey published in IEEE Communications 

Magazine. They review various propagation models and statistical characterization 

methods for underwater acoustic communication channels, discussing their 

strengths, limitations, and applicability in different underwater environments. The 
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survey also examines the impact of environmental factors such as temperature, 

salinity, and ocean currents on acoustic channel characteristics and proposes 

strategies for improving channel modeling accuracy and communication system 

performance. 

Kilfoyle Baggeroer et al. (2000) present an extensive overview of "The state 

of the art in underwater acoustic telemetry" in their literature survey published in 

IEEE Journal of Oceanic Engineering. They discuss the current state of underwater 

acoustic telemetry technology, including advancements in transducer design, signal 

processing algorithms, and communication protocols. The survey highlights the 

challenges of underwater communication, such as limited bandwidth, multipath 

propagation, and environmental noise, and evaluates the effectiveness of existing 

solutions in addressing these challenges. 

Kaushal Kaddoum et al. (2016) offer a comprehensive review of "Underwater 

optical wireless communication" in their literature survey published in IEEE Access. 

They examine the principles, technologies, and applications of underwater optical 

wireless communication, discussing various modulation schemes, transmission 

techniques, and system architectures. The survey also explores the challenges and 

opportunities associated with underwater optical wireless communication, including 

channel attenuation, scattering, and system integration issues, and proposes 

directions for future research and development. 

Zeng et al. (2017) conduct a detailed survey of "underwater optical wireless 

communications" in their literature review published in IEEE Communications 

Surveys and Tutorials. They provide an overview of recent advancements in 

underwater optical wireless communication technologies, including transmitter and 

receiver design, modulation and coding techniques, and channel modeling 

approaches. The survey discusses the performance metrics and challenges of 

underwater optical wireless communication systems and evaluates the potential 

applications in underwater sensing, monitoring, and data transmission. 
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CHAPTER 3 
 

AIM AND SCOPE OF THE PRESENT INVESTIGATION 
 

3.1 AIM 

 
This project aims to implement a real-time water communication system 

utilizing Water Communication Data Transmission (WCDT) modules. The primary 

objective is to establish efficient and reliable communication channels through water 

mediums, enabling seamless data transmission in diverse aquatic environments. By 

developing and deploying robust WCDT modules, this endeavor seeks to address 

the inherent challenges associated with underwater communication, including signal 

attenuation, interference, and environmental factors. Through experimental 

validation and practical applications, the aim is to demonstrate the feasibility and 

efficacy of the proposed system, paving the way for advancements in underwater 

communication technologies and fostering innovations in aquatic research and 

exploration. 

This project endeavors to design WCDT modules capable of overcoming the 

unique hurdles posed by underwater communication. By optimizing signal 

processing algorithms and hardware components, we aim to mitigate signal 

degradation and interference, thereby enhancing the reliability and efficiency of data 

transmission. Additionally, the development of protocols tailored for underwater 

communication will ensure seamless connectivity and robust performance in varying 

aquatic conditions. Through iterative testing and refinement, the aim is to create 

WCDT modules that not only meet the stringent requirements of underwater 

communication but also pave the way for future advancements in this field. 

The successful implementation of this project will contribute to the 

advancement of underwater communication technologies, with profound 

implications for various domains. From environmental monitoring and underwater 

exploration to applications in aquatic robotics and sensor networks, the developed 

WCDT system holds the potential to revolutionize how data is transmitted and 

collected in aquatic environments. By bridging the gap between terrestrial and 

aquatic communication, this project aims to unlock new opportunities for scientific 

research, commercial applications, and sustainable management of aquatic 



12  

resources, ultimately fostering a deeper understanding of our planet's oceans and 

water bodies. 

3.2 SCOPE 

 
The scope of this project encompasses the comprehensive development and 

implementation of a real-time water communication system utilizing Water 

Communication Data Transmission (WCDT) modules. This includes designing and 

fabricating robust WCDT modules capable of transmitting and receiving data 

through water mediums. The project will focus on optimizing the performance of 

these modules to ensure reliable communication in diverse aquatic environments, 

considering factors such as signal attenuation, interference, and environmental 

conditions. 

Development of protocols and algorithms tailored for underwater 

communication, aiming to enhance the efficiency and reliability of data transmission. 

The project will involve conducting laboratory experiments to evaluate the 

performance of the WCDT system under controlled conditions, followed by 

extensive field testing in real-world aquatic environments to validate its 

effectiveness. The project scope includes integrating the WCDT modules into 

practical applications such as underwater sensor networks, aquatic robotics, and 

environmental monitoring systems. This entails exploring encryption and security 

measures to ensure the confidentiality and integrity of transmitted data, as well as 

optimizing energy efficiency to enable prolonged operation in remote underwater 

locations. 

The documentation of the design process, experimental results, and findings 

for dissemination through publications and presentations. The project aims to 

contribute to advancements in underwater communication technologies, with the 

potential to revolutionize various domains including scientific research, commercial 

applications, and sustainable management of aquatic resources. 
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CHAPTER 4 

EXPERIMENTAL METHODS 

4.1 EXISTING SYSTEM 

 
Almost no other systems to watch the health conditions of sea navigator while 

navigating the sea. While there is a wearable device for monitoring his/her pulse for 

himself/herself. But an individual within the ground cannot find about the health 

conditions of person underwater. So he does not realize the health conditions of the 

person underwater. 

Diving equipment is equipment employed by underwater divers to form diving 

activities possible, easier, safer and comfortable. This might be equipment chiefly 

intended for this purpose, or equipment intended for other purposes which is found 

to be suitable for diving use. The fundamental item of diving equipment is an 

underwater breathing device, and surface supplied diving equipment. But there are 

no other important pieces of kit that make diving safer, more convenient or more 

efficient. Diving equipment employed by recreational scuba divers is usually 

personal equipment carried by the diver, but professional divers, particularly when 

functioning within the surface supplied or saturation mode, uses a good deal of 

support equipment not carried by the diver.Scuba diving is a mode of underwater 

diving. Here, the diver uses a self-contained underwater breathing device (scuba), 

to breathe underwater. Scuba divers carry their own source of breathing gas, usually 

compressed gas. 

It allows them greater independence and freedom of movement. Although 

the utilization of compressed air is common, a new mixture called enriched air 

(Nitrox) has been gaining popularity due to its advantage of reduced nitrogen intake 

during repetitive dives. Open circuit scuba systems contains one or more diving 

cylinders comprising of breathing gas at high pressure which is supplied to the diver 

via a regulator. They may include extra cylinders for range extension, 

decompression gas or emergency breathing gas. Closed-circuit or semi-closed 

circuit rebreather scuba systems sanction the recycling of exhaled gases. The 

volume of gas used is reduced compared to that of open circuit, so a smaller cylinder 

or cylinders could also be used for equivalent dive duration. Rebreathers lengthen 
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the time spent underwater compared to circuit for corresponding gas consumption; 

they produce fewer bubbles and fewer noise than circuit scuba. It makes them 

attractive to hidden military divers to avoid detection, scientific divers to avoid 

disturbing marine animals, and media divers to avoid bubble interference. 

4.2 PROBLEM STATEMENT 

 
Disadvantages of the prevailing system are the person cannot communicate 

with the ground and the conditions of his health cannot be monitored in the sea. 

Even if he dies, the people in the ground will not be able to realize it. He also would 

not be able to know about anything taking place in the ground. 

4.3 PROPOSED SYSTEM 

 
Today, underwater sensors cannot share data with those ashore, as both use 

different wireless signals that only work in their corresponding mediums. Radio 

signals that travel through air die very quickly in water. Acoustic signals, or sonar, 

sent by underwater devices generally reflect off the surface without ever breaking 

through. This causes inefficiencies and other problems for a variety of applications, 

like ocean exploration and submarine-to-plane communication. To start, there are 

two selections of underwater communications: Hardwired- uses a cable to transfer 

the communications; Wireless- uses the water to transfer the communications. 

Many divers prefer the idea of freely diving where they please with the ability to 

communicate to their dive partner easily and quickly. This is what we have 

accomplished with wireless underwater communications. As opposed to hardwired 

communications which limits you to the length of a cable, wireless communications 

provides you the ability to communicate with your companion, or top side, with ease 

and freedom to simply dive. Wireless underwater communications are an interesting 

and easy way to freely stay associated underwater. Advantages of this system are 

a person who is in the ground can observe the health conditions of navigator, alert 

messages can pass to navigators from the ground, navigators/fishermen can 

communicate. 
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4.4 STANDARDS 

 
1. Protocol Standardization: Establishing common communication protocols 

ensures interoperability among different underwater wireless communication 

devices and systems. Standards such as those developed by organizations like 

the IEEE (Institute of Electrical and Electronics Engineers) ensure compatibility 

and reliability. 

2. Frequency Allocation: Standardizing frequency bands for underwater 

communication helps avoid interference and ensures efficient use of the limited 

spectrum available. Clear regulations and standards for frequency allocation are 

necessary to prevent communication disruptions. 

3. Data Encoding and Modulation: Standardizing data encoding and modulation 

techniques ensures efficient data transmission underwater. Adopting 

standardized methods for encoding, modulation, and error correction enhances 

the reliability and performance of underwater wireless communication systems. 

 
 

4.5 CONSTRAINTS 

 
1. Limited Bandwidth: Underwater environments have limited bandwidth 

available for communication due to the high attenuation of signals in water. This 

constraint limits the data rates and transmission capabilities of underwater 

wireless communication systems. 

2. Signal Attenuation and Reflection: Signals transmitted underwater 

experience attenuation and reflection due to the characteristics of water. These 

phenomena can degrade signal quality, reduce communication range, and 

introduce latency, posing significant constraints on underwater communication 

systems. 

3. Environmental Factors: Underwater communication systems must contend 

with environmental factors such as water turbidity, temperature variations, and 

marine life interference. These factors can affect signal propagation, reliability, 

and overall system performance, imposing constraints on underwater 

communication technology. 
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4.6 TRADE-OFFS 

 
1. Range vs. Data Rate: There is often a trade-off between communication range 

and data rate in underwater wireless communication systems. Increasing the 

transmission range may require sacrificing data rate, and vice versa, depending 

on the modulation scheme, signal power, and environmental conditions. 

2. Energy Efficiency vs. Performance: Balancing energy efficiency with system 

performance is a trade-off in underwater communication design. Energy- 

efficient protocols and transmission techniques may sacrifice performance 

metrics such as throughput or latency, while optimizing for performance may 

consume more energy. 

3. Cost vs. Reliability: Achieving higher reliability in underwater communication 

systems often involves deploying redundant hardware, advanced signal 

processing algorithms, and robust error correction mechanisms. However, 

these enhancements can increase system cost. Designing for cost-effective 

solutions while maintaining reliability requires careful consideration of trade-offs 

between hardware complexity and system performance. 
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4.7 BLOCK DIAGRAM 
 
 

 

 

Fig 4.1 block diagram 

 
HARDWARE REQUIREMENTS 

 
• Arduino 

 
• Temperature sensor 

 
• Heart Beat sensor 

 
• Switch 

 
• Water communication module 

 
SOFTWARE REQUIREMENTS 

 
• Arduino IDE 

 
• Embedded C Language 
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4.8 ARDUINO: 

 
The Arduino microcontroller is an easy to use yet powerful single board computer that 

has gained considerable traction in the hobby and professional market. The Arduino is open- 

source, which means hardware is reasonably priced and development software is free. This 

guide is for students in ME 2011, or students anywhere who are confronting the Arduino for 

the first time. For advanced Arduino users, prowl the web; there are lots of resources. 

 
 

 
This guide covers the Arduino Uno board (Spark fun DEV-09950, $29.95), a good 

choice for students and educators. With the Arduino board, you can write programs and 

create interface circuits to read switches and other sensors, and to control motors and lights 

with very little effort. Many of the pictures and drawings in this guide were taken from the 

documentation on the 

 
 
This is what the Arduino board looks like. 

 
 
 

 
 

Fig 4.2 Arduino board 

The Duemilanove board features an Atmel ATmega328 microcontroller 

operating at 5 V with 2 Kb of RAM, 32 Kb of flash memory for storing programs and 

1 Kb of EEPROM for storing parameters. The clock speed is 16 MHz, which 

translates to about executing about 300,000 lines of C source code per second. The 

board has 14 digital I/O pins and 6 analog input pins. There is a USB connector for 
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talking to the host computer and a DC power jack for connecting an external 6-20 V 

power source, for example a 9 V battery, when running a program while not 

connected to the host computer. Headers are provided for interfacing to the I/O pins 

using 22 g solid wire or header connectors. The Arduino programming language is 

a simplified version of C/C++. If you know C, programming the Arduino will be 

familiar. If you do not know C, no need to worry as only a few commands are needed 

to perform useful functions. 

An important feature of the Arduino is that you can create a control program 

on the host PC, download it to the Arduino and it will run automatically. Remove the 

USB cable connection to the PC, and the program will still run from the top each 

time you push the reset button. Remove the battery and put the Arduino board in a 

closet for six months. When you reconnect the battery, the last program you stored 

will run. This means that you connect the board to the host PC to develop and debug 

your program, but once that is done, you no longer need the PC to run the program. 

The Arduino Uno is a microcontroller board based on the ATmega328.It has 14 

digital input/output pins (of which 6 can be used as PWM outputs), 6 analog inputs, 

a 16 MHz ceramic resonator, a USB connection, a power jack, an ICSP header, and 

a reset button. It contains everything needed to support the microcontroller; simply 

connect it to a computer with a USB cable or power it with a AC-to-DC adapter or 

battery to get started. 

 

The Uno differs from all preceding boards in that it does not use the FTDI 

USB-to-serial driver chip. Instead, it features the Atmega16U2 (Atmega8U2 up to 

version R2) programmed as a USB-to-serial converter. 

 
4.9 PIN CONFIGURATION 

The Arduino Uno can be powered via the USB connection or with an external 

power supply. The power source is selected automatically.External (non-USB) 

power can come either from an AC-to-DC adapter (wall- wart) or battery. The 

adapter can be connected by plugging a 2.1mm center-positive plug into the board's 

power jack. Leads from a battery can be inserted in the Gnd and Vin pin headers of 

the POWER connector. The board can operate on an external supply of 6 to 20 

volts. If supplied with less than 7V, however, the 5V pin may supply less than five 

volts and the board may be unstable. 
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The power pins are as follows: 

• VIN. The input voltage to the Arduino board when it's using an external power 

source (as opposed to 5 volts from the USB connection or other regulated 

power source). You can supply voltage through this pin, or, if supplying 

voltage via the power jack, access it through this pin. 

• 5V. this pin outputs a regulated 5V from the regulator on the board. The board 

can be supplied with power either from the DC power jack (7 - 12V), the USB 

connector (5V), or the VIN pin of the board (7-12V). Supplying voltage via the 

5V or 3.3V pins bypasses the regulator, and can damage your board. 

• 3V3. A 3.3 volt supply generated by the on-board regulator. Maximum current 

draw is 50 mA. 

• GND. Ground pins. 

• IOREF. This pin on the Arduino board provides the voltage reference with 

which the microcontroller operates. A properly configured shield can read the 

IOREF pin voltage and select the appropriate power source or enable voltage 

translators on the outputs for working with the 5V or 3.3V. 

 
4.10 MEMORY 

The ATmega328 has 32 KB (with 0.5 KB used for the bootloader). It also has 2 KB 

of SRAM and 1 KB of EEPROM. The ATmega328 microcontroller is widely 

recognized for its versatility and reliability in various embedded systems and DIY 

electronics projects. With its 32 KB of flash memory, developers have ample space 

to store their program code, allowing for the implementation of complex 

functionalities and algorithms. Additionally, the 2 KB of SRAM provides temporary 

storage for data and variables during program execution, enabling efficient 

processing and manipulation of information. The 1 KB of EEPROM offers non- 

volatile memory storage, ideal for saving configuration settings, calibration values, 

or other critical data that needs to be retained even when power is removed. 

Combined, these features make the ATmega328 a robust and flexible choice for a 

wide range of embedded applications, from simple LED blinking projects to more 

advanced robotics and automation systems. Furthermore, its compatibility with the 

Arduino development environment and extensive community support contribute to 

its popularity among hobbyists, students, and professional engineers alike. 
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4.11 INPUT OR OUTPUT 

Each of the 14 digital pins on the Uno can be used as an input or output, using pin 

Mode(), digital Write( ), and digital Read( ) functions. They operate at 5 volts. Each 

pin can provide or receive a maximum of 40 mA and has an internal pull- up resistor 

(disconnected by default) of 20-50 kohms. In addition, some pins have specialized 

functions: 

Serial: 0 (RX) and 1 (TX). Used to receive (RX) and Trans mit (TX) TTL serial data. 

These pins are connected to the corresponding pins of the ATmega8U2 USB-to- 

TTL Serial chip. 

 
External Interrupts: 2 and 3. These pins can be configured to trigger an interrupt 

on a low value, a rising or falling edge, or a change in value. See the attach Interrupt 

() function for details. 

PWM: 3, 5, 6, 9, 10, and 11. Provide 8-bit PWM output with the analog Write () 

function. 

SPI: 10 (SS), 11 (MOSI), 12 (MISO), 13 (SCK). These pins support SPI 

communication using the SPI library. 

LED: 13. There is a built- in LED connected to digital pin 13. When the pin is HIGH 

value, the LED is on, when the pin is LOW, it's off. 

 
The Uno has 6 analog inputs, labeled A0 through A5, each of which provide 10 bits 

of resolution (i.e. 1024 different values). By default they measure from ground to 5 

volts, though is it possible to change the upper end of their range using the AREF 

pin and the analog Reference () function. Additionally, some pins have specialized 

functionality: 

TWI: A4 or SDA pin and A5 or SCL pin. Support TWI communication using the 

Wire library. 

There are a couple of other pins on the board: 

AREF. Reference voltage for the analog inputs. Used with analog Reference 

Reset. Bring this line LOW to reset the microcontroller. Typically used to add a 

reset button to shields which block the one on the board. 
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4.12 COMMUNICATION 

Microcontrollers depend on a host computer for developing and compiling 

programs. The software used on the host computer is known as an integrated 

development environment, or IDE. For the Arduino, the development environment 

is based on the open source Processing platform (www.processing.org) which is 

described by its creators as a “programming language and environment for people 

who want to program images, animation, and interactions.“ The Arduino 

programming language leverages an open source project known as Wiring 

(wiring.org.co). The Arduino language is based on good old- fashioned C. If you are 

unfamiliar with this language, don’t worry; it’s not hard to learn, and the Arduino IDE 

provides some feedback when you make mistakes in your programs. 

 
The Arduino Uno has a number of facilities for communicating with a 

computer, another Arduino, or other microcontrollers. The ATmega328 provides 

UART TTL (5V) serial communication, which is available on digital pins 0 (RX) and 

1 (TX). An ATmega16U2 on the board channels this serial communication over USB 

and appears as a virtual com port to software on the computer. The '16U2 firmware 

uses the standard USB COM drivers, and no external driver is needed. However, 

on Windows, a inf file is required. The Arduino software includes a serial monitor 

which allows simple textual data to be sent to and from the Arduino board. The RX 

and TX LEDs on the board will flash when data is being transmitted via the USB-to- 

serial chip and USB connection to the computer (but not for serial communication 

on pins 0 and 1). 

 
A Software Serial library allows for serial communication on any of the Uno's 

digital pins. The ATmega328 also supports I2C (TWI) and SPI communication. The 

Arduino software includes a Wire library to simplify use of the I2C bus; see the 

documentation for details. For SPI communication, use the SPI library. 

 
As you go through the list of programming statements available in the Arduino 

IDE (choose Help->Reference), you might think there isn’t much power for doing t 

hings like running servos, operating stepper motors, reading potentiometers, or 

displaying text on an LCD. Like most any language based on C, the Arduino 

supports the notion of “libraries” code 
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Repositories that extend core programming functionality. Libraries let you re- 

use code without having to physically copy and paste it into all your programs. The 

standard Arduino software installation comes with several libraries you may use, 

and you can download others from the Arduino support pages and from third-party 

websites that publish Arduino library code. A good example of a library you’ll use 

with the Robot and likely many other robot projects isServo. This library allows you 

to connect one or more hobby R/C servos to the Arduino’s digital I/O pins. The Servo 

library comes with the standard Arduino installation package Library->Servo. This 

adds the line. 

 
Which tells the Arduino IDE that you wish to include the Servo library in your 

sketch. With the functionality of the library now available to you, you can use its 

various functions to control one or more servos. For example, you can use the write 

function to rotate a servo to a specific position, from 0 to 180 degrees. The following 

code Moves a servo to its midpoint, or 90 degree position. Structurally, Arduino 

sketches are very straightforward and are pretty easy to read and understand. The 

Arduino program contains two main parts: setup () and loop (). These are 

programming functions that do what their names suggest: setup () sets up the 

Arduino hardware, such as specifying which I/O lines you plan to use, and whether 

 
They are inputs or outputs. The loop () function is repeated endlessly when 

the Arduino is operating.Arduino IDE (Integrated development environment) is used 

to write the program and dump into the Arduino boardMoves a servo to its midpoint, 

or 90 degree position. Structurally, Arduino sketches are very straightforward and 

are pretty easy to read and understand. The Arduino program contains two main 

parts: setup () and loop (). These are programming functions that do what their 

names suggest: setup () sets up the Arduino hardware, such as specifying which 

I/O lines you plan to use, and whether 
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4.13 NODE MCU 

 
Node MCU is an open-source Lua based firmware and development board 

specially targeted for IoT based Applications. It includes firmware that runs on the 

ESP8266 Wi-Fi SoC from Espresso Systems, and hardware which is based on the 

ESP-12 module Programming Node MCU ESP8266 with Arduino IDE.The Node 

MCU Development Board can be easily programmed with Arduino IDE since it is 

easy to use. Programming Node MCU with the Arduino IDE will hardly take 5-10 

minutes. All you need is the Arduino IDE, a USB cable and the Node MCU board 

itself. You can check this Getting Started Tutorial for Node MCU to prepare your 

Arduino IDE for Node MCU. Node MCU is an open source firmware for which open 

source prototyping board designs are available. 

The firmware uses the Lua scripting language. The firmware is based on the 

eLua project, and built on the Espressif Non-OS SDK for ESP8266. It uses many 

open source projects, such as lua-cjson[9] and SPIFFS.[10] Due to resource 

constraints, users need to select the modules relevant for their project and build a 

firmware tailored to their needs. Support for the 32-bit ESP32 has also been 

implemented.The prototyping hardware typically used is a circuit board functioning 

as a dual in-line package (DIP) which integrates a USB controller with a smaller 

surface-mounted board containing the MCU and antenna. The choice of the DIP 

format allows for easy prototyping on breadboards. The design was initially based 

on the ESP-12 module of the ESP8266, which is a Wi-Fi SoC integrated with a 

Tensilica Xtensa LX106 core, widely used in IoT applications (see related projects). 

Node MCU Dev Kit/board consist of ESP8266 wifi enabled chip. The 

ESP8266 is a low-cost Wi-Fi chip developed by Espress if Systems with TCP/IP 

protocol. For more information about ESP8266, you can refer to the ESP8266 WiFi 

Module. There is Version2 (V2) available for Node MCU Dev Kit i.e. Node MCU 

Development Board v1.0 (Version2), which usually comes in black colored PCB. For 

more information about Node MCU Boards available in the market refer to Node 

MCU Development Boards Node MCU Dev Kit has Arduino like Analog (i.e. A0) and 

Digital (D0-D8) pins on its board.It supports serial communication protocols i.e. 

UART, SPI, I2C, etc. Using such serial protocols 
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Fig 4.3 Node Mcu 

 
NodeMCU was created shortly after the ESP8266 came out. On December 

30, 2013, Espressif Systems[6] began production of the ESP8266.[11] NodeMCU 

started on 13 Oct 2015, when Hong committed the first file of nodemcu-firmware to 

GitHub.[12] Two months later, the project expanded to include an open-hardware 

platform when developer Huang R committed the gerber file of an ESP8266 board, 

named devkit v0.9.[13] Later that month, Tuan PM ported MQTT client library from 

Contiki to the ESP8266 SoC platform,[14] and committed to NodeMCU project, then 

NodeMCU was able to support the MQTT IoT protocol, using Lua to access the 

MQTT broker. Another important update was made on 30 Jan 2015, when 

Devsaurus ported the u8glib[15] to the NodeMCU project,[16] enabling NodeMCU 

to easily drive LCD, Screen, OLED, even VGA displays. 

In the summer of 2015 the original creators abandoned the firmware project 

and a group of independent contributors took over. By the summer of 2016 the 

NodeMCU included more than 40 different modules.As Arduino.cc began 

developing new MCU boards based on non-AVR processors like the ARM/SAM 

MCU and used in the Arduino Due, they needed to modify the Arduino IDE so that 

it would be relatively easy to change the IDE to support alternate toolchains to allow 

Arduino C/C++ to be compiled for these new processors. They did this with the 

introduction of the Board Manager and the SAM Core. A "core" is the collection of 

software components required by the Board Manager and the Arduino IDE to 
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compile an Arduino C/C++ source file for the target MCU's machine language. Some 

ESP8266 enthusiasts developed an Arduino core for the ESP8266 WiFi SoC, 

popularly called the "ESP8266 Core for the Arduino IDE".[17] This has become a 

leading software development platform for the various ESP8266-based modules 

and development boards, including NodeMCUs is an open-source LUA based 

firmware developed for the ESP8266 wifi chip. By exploring functionality with the 

ESP8266 chip, NodeMCU firmware comes with the ESP8266 Development 

board/kit i.e. NodeMCU Development board. Since NodeMCU is an open-source 

platform, its hardware design is open for edit/modify/build. 

NodeMCU Dev Kit/board consist of ESP8266 wifi enabled chip. The 

ESP8266 is a low-cost Wi-Fi chip developed by Espressif Systems with TCP/IP 

protocol. For more information about ESP8266, you can refer to the ESP8266 WiFi 

Module.There is Version2 (V2) available for NodeMCU Dev Kit i.e. NodeMCU 

Development Board v1.0 (Version2), which usually comes in black colored PCB. For 

more information about NodeMCU Boards available in the market refer to NodeMCU 

Development BoardsNodeMCU Dev Kit has Arduino like Analog (i.e. A0) and Digital 

(D0-D8) pins on its board.It supports serial communication protocols i.e. UART, SPI, 

I2C, etc. Using such serial protocols we can connect it with serial devices like I2C 

enabled LCD display, Magnetometer HMC5883, MPU-6050 Gyro meter + 

Accelerometer, RTC chips, GPS modules, touch screen displays, SD cards, etc. 

NodeMCU Development board is featured with wifi capability, analog pin, 

digital pins, and serial communication protocols.To get started with using NodeMCU 

for IoT applications first we need to know about how to write/download NodeMCU 

firmware in NodeMCU Development Boards. And before that where this NodeMCU 

firmware will get as per our requirement.There are online NodeMCU custom builds 

available using which we can easily get our custom NodeMCU firmware as per our 

requirement.To know more about how to build custom NodeMCU firmware online 

and download it refer to Getting started with NodeMCUAfter setting up ESP8266 

with Node-MCU firmware, let’s see the IDE (Integrated Development Environment) 

required for the development of NodeMCU.NodeMCU with ESPlorer IDELua scripts 

are generally used to code the NodeMCU. Lua is an open-source, lightweight, 

embeddable scripting language built on top of C programming language. For more 
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information about how to write Lua script for Node MCU refer to Getting started with 

Node MCU using ESPlorerIDE 

Node MCU with Arduino IDE Here is another way of developing Node MCU 

with a well-known IDE i.e. Arduino IDE. We can also develop applications on Node 

MCU using the Arduino development environment. This makes it easy for Arduino 

developers than learning a new language and IDE for Node MCU. For more 

information about how to write Arduino sketch for NodeMCU refer to Getting started 

with NodeMCU using Arduino IDE The difference in using ESPlorer and Arduino 

IDE Well, there is a programming language difference we can say while developing 

an application for NodeMCU using ESPlorer IDE and Arduino IDE. 

We need to code in C\C++ programming language if we are using Arduino 

IDE for developing Node MCU applications and Lua language if we are using 

ESPlorer IDE. Basically, Node MCU is Lua Interpreter, so it can understand Lua 

script easily. When we write Lua scripts for Node MCU and send/upload it to Node  

MCU, then they will get executes sequentially. It will not build a binary firmware file of 

code for Node MCU to write. It will send Lua script as it is to Node MCU to get 

executed. In Arduino IDE when we write and compile code, the ESP8266 toolchain 

in the background creates a binary firmware file of code we wrote. And when we 

upload it to Node MCU then it will flash all Node MCU firmware with newly 

generated binary firmware code. In fact, it writes the complete firmware. That’s the 

reason why Node MCU not accept further Lua scripts/code after it is getting flashed 

by Arduino IDE. After getting flashed by Arduino sketch/code it will be no more Lua 

interpreter and we got an error if we try to upload Lua scripts. To again start with 

Lua script, we need to flash it with Node MCU firmware.Since Arduino IDE 

compiles and upload/writes complete firmware, it takes more time than ESPlorer 

IDE. 

4.14 ESP8266 SPECIFICATIONS & FEATURES 

 
Microcontroller: Tensilica 32-bit RISC CPU Xtensa LX106 

 
• Operating Voltage: 3.3V 

• Input Voltage: 7-12V 

• Digital I/O Pins (DIO): 16 

• Analog Input Pins (ADC): 1 

• UARTs: 1 
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• SPIs: 1 

• I2Cs: 1 

• Flash Memory: 4 MB 

• SRAM: 64 KB 

• Clock Speed: 80 MHz 

• USB-TTL based on CP2102 is included onboard, Enabling Plug n Play 

• PCB Antenna 

• Small Sized module to fit smartly inside your IoT projects 

 
4.15 TEMPERATURE SENSOR FEATURES 

 
• Calibrated Directly in ° Celsius (Centigrade) 

• Linear + 10 mV/°C Scale Factor 

• 0.5°C Ensured Accuracy (at +25°C) LM35 has an advantage over linear 

temperature 

• Rated for Full −55°C to +150°C Range 

• Suitable for Remote Applications 

• Low Cost Due to Wafer-Level Trimming 

• Less than 60-μA Current Drain 

• Low Self-Heating, 0.08°C in Still Air 

• Nonlinearity Only ±¼°C Typical 

• Low Impedance Output, 0.1 Ω for 1 mA Load 

 
The LM35 series are precision integrated-circuit temperature sensors, with 

an output voltage linearly proportional to the Centigrade temperature. Thus the 

LM35 has an advantage over linear temperature sensors calibrated in ° Kelvin, as 

the user convenient Centigrade scaling. The LM35 does not require any external 

calibration or trimming to provide typical accuracies of ±¼°C at room temperature 

and ±¾°C over a full −55°C to +150°C temperature range. Low cost is assured by 

trimming and calibration at the wafer level. The low output impedance, linear output, 

and precise inherent calibration of the LM35 make interfacing to readout or control 

circuitry especially easy. The device is used with single power supplies, or with plus 

and minus supplies. As the LM35 draws only 60 μA from the supply, it has very low 

self-heating of less than 0.1°C in still air. The LM35 is rated to operate over a −55°C 
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to +150°C temperature range, while the LM35C is rated for a −40°C to +110°C range 

(−10° with improved accuracy). 

 
 

 
Fig 4.4 View of Temperature sensor 

 
 
 

4.16 HEARTBEAT SENSOR 

 
A person’s heartbeat is the sound of the valves in his/her’s heart contracting 

or expanding as they force blood from one region to another. The number of times 

the heart beats per minute (BPM), is the heart beat rate and the beat of the heart 

that can be felt in any artery that lies close to the skin is the pulse. 

Two Ways to Measure a Heartbeat: 

 
Manual Way: Heart beat can be checked manually by checking one’s pulses 

at two locations- wrist (the radial pulse) and the neck (carotid pulse). The procedure 

is to place the two fingers (index and middle finger) on the wrist (or neck below the 

windpipe) and count the number of pulses for 30 seconds and then multiplying that 

number by 2 to get the heart beat rate. However pressure should be applied 

minimum and also fingers should be moved up and down till the pulse is felt.Using 

a sensor: Heart Beat can be measured based on optical power variation as light is 

scattered or absorbed during its path through the blood as the heart beat changes. 
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Principle of Heartbeat Sensor: The heartbeat sensor is based on the principle of 

photo phlethysmography. It measures the change in volume of blood through any 

organ of the body which causes a change in the light intensity through that organ (a 

vascular region). In case of applications where heart pulse rate is to be monitored, 

the timing of the pulses is more important. The flow of blood volume is decided by 

the rate of heart pulses and since light is absorbed by blood, the signal pulses are 

equivalent to the heart beat pulses. 

There are two types of photoplethysmography: 

 
Transmission: Light emitted from the light emitting device is transmitted through 

any vascular region of the body like earlobe and received by the detector. 

Reflection: Light emitted from the light emitting device is reflected by the regions. 
 

 
Fig 4.5 Heart Beat Sensor 

 
Working of a Heartbeat Sensor: 

 
The basic heartbeat sensor consists of a light emitting diode and a detector 

like a light detecting resistor or a photodiode. The heart beat pulses causes a 

variation in the flow of blood to different regions of the body. When a tissue is 

illuminated with the light source, i.e. light emitted by the led, it either reflects (a finger 

tissue) or transmits the light (earlobe). Some of the light is absorbed by the blood 

and the transmitted or the reflected light is received by the light detector. The amount 

of light absorbed depends on the blood volume in that tissue. The detector output is 

in form of electrical signal and is proportional to the heart beat rate. 
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This signal is actually a DC signal relating to the tissues and the blood volume 

and the AC component synchronous with the heart beat and caused by pulsatile 

changes in arterial blood volume is superimposed on the DC signal. Thus the major 

requirement is to isolate that AC component as it is of prime importance. 

To achieve the task of getting the AC signal, the output from the detector is 

first filtered using a 2 stage HP-LP circuit and is then converted to digital pulses 

using a comparator circuit or using simple ADC. The digital pulses are given to a 

microcontroller for calculating the heat beat rate, Practical heartbeat Sensor 

examples are Heart Rate Sensor (Product No PC-3147). It consists of an infrared 

led and an ldr embedded onto a clip like structure. The clip is attached to the organ 

(earlobe or the finger) with the detector part on the flesh. 

4.17 WATER COMMUNICATION MODULE 

 
Water Communication Module 100W ERT modules are available in two 

housing designs, supporting both water pit and remote installations. The different 

100W ERT modules are identified as follows 100W is to be utilized with encoder 

registers in a pit environment » 100WP for pulser registers in a pit environment • All 

new 100W ERT modules for pit applications will come standard with a red integral 

connector port to utilize the optional 100W Through-The-Lid (TTL) antenna 100W- 

R for encoder registers in remote applications 100WP-R for with pulser registers in 

remote applications These modules offer advanced two-way meter data collection 

designed specifically for Itron collection systems using handheld, mobile, fixed 

network and combination hybrid solutions. 100W ERT modules differentiate 

themselves from other devices on the market by providing true two-way 

communications capabilities. Engineered from the ground up to leverage the 

benefits of Choice Connect collection systems, 100W ERT modules enable easy 

migration from mobile to fixed network operations as your business needs evolve. 

With Itron’s complementary communications technology, fixed and mobile network 

systems can be deployed side-by-side in hybrid configurations to ensure maximum 

efficiency and reliability in both high and low-density meter populations. 

Water Meter Compatibility The 100W ERT module is compatible with 

industry-leading water meters from Itron—as well as those from all major 

manufacturers such as Badger, Elster AMCO, Hersey, Master Meter, Neptune and 



32  

Sensus—enabling water utilities to consolidate all their water meters under a single 

reading system. Powered by proven, advanced lithium battery technology; the 

module is designed for 20 years of battery life in both fixed network and mobile 

modes. Data Logging The 100W ERT module stores 40 days of hourly consumption 

information, which can be collected by the fixed network system to leverage real 

time data collection or can be read by mobile or handheld systems. This data is 

presented in four basic use cases Any hourly reading within the last 40 days » A set 

of 24 consecutive hourly readings A set of 40 daily readings » A set of 40 days of 

hourly interval data are available even in mobile mode Superior Performance The 

100W ERT module utilizes 120 radio channels in Fixed Network and 50 radio 

channels in mobile and handheld modes, randomly selecting one channel for each 

data message. This multi-channel approach delivers higher read integrity over 

competing products by reducing the effect of interfering signals from other radio 

frequency (RF) signals in the area. 

The 100W ERT module will transmit the Fixed Network consumption 

messages at peak radiated power greater than 1 Watt. Reliability 100W ERT 

modules feature a circuit assembly and battery pack that are fully encapsulated 

within a speciallyformulated potting material to completely protect internal 

components from water, contaminants, corrosion, rough handling and temperature 

cycling. With their straight forward, rugged design, 100W ERT modules use 

substantially fewer components than most competing products, resulting in greater 

reliability. The advanced, integrated antenna operates effectively in a wide range of 

meter box installations. The 100W ERT module offers peace of mind with a 20 year 

limited warranty. Lower Cost of Ownership 100W ERT module devices feature 

industry-leading battery life , ensuring your meter data collection investment 

achieves substantially better financial returns than competing products with 

batteries that typically last only ten or twelve years. When one considers the 

advancements in leak, reverse flow (absolute encoder version only) and tamper 

detection, 100W modules necessitate fewer field investigations and substantially 

lower expenditures for installation, meter reading, customer service and field 

service. And with a low battery alarm, these modules help utilities better plan and 

manage the replacement of units in the field. Leak Management Water loss 
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management is critical to any water utility’s success. 100 Series modules can be 

paired with Itron’s advanced acoustic Leak Sensor. 

The Leak Sensor collects and analyzes changes in pipe acoustics that 

indicate probable leaks in the distribution system environment to detect both new 

and pre-existing leaks automatically. Leak Sensor technology, coupled with the 

module’s internal customer-side leak detection algorithm and the option to use data 

from groups of 100W ERT modules (District Metering) provide the utility with a highly 

accurate picture of the overall health of the water distribution system. Leak Data The 

100 Series collects and stores the data from the Leak Sensor. The Leak Sensor 

samples the pipe conditions every 22.5 minutes or 64 times daily. The 100 Series 

stores the 8 quietest analyses daily and will hold 20 days worth of data. This data is 

picked up during normal meter reading operations and seamlessly transfers the data 

to our hosted web based solution (mlogonline) 

Meter compatibility: See Water Module Meter Compatibility Guide (PUB-0063- 

002) Transmission Parameters » Data message: Multiple RF channel transmissions 

of meter register value, cut cable and or communication error tamper(s), reverse 

flow (encoder version only) and system leak status messages, as well as low battery 

indicator is transmitted every nine seconds in mobile mode. All this information and 

last 7 time synchronized consumption intervals is transmitted every five minutes 

along with a contingency SCM (Standard Consumption Message) every 60 seconds 

in fixed network mode. 

Transmitter frequencies: 

 
• 908 - 924 MHz (Standard Power) in mobile mode 

• 903 – 926.8 MHz (High Power) in fixed network mod Operates in bubble-up 

mode and does not require a license from the Federal Communications 

Commission (FCC) or Industry Canada (IC) • FCC Part 15.247 

• Industry Canada RSS-210 Approved Reading Devices for Collecting 

Datalogging Reads Network system: Itron Fixed Network 100 Collectors and 

Repeaters (CCU 100 and Repeater 100) which offer full two-way 

communication capability. » Drive-by system: 

• MC3 with MV-RS v8.0 or higher and FCS with v2.2 or higher 
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• MC Lite with MV-RS v8.1 or higher and FCS with v2.3 or higher » Walk-by 

system: 

• FC300 with SRead handheld computers with MV-RS v8.1 or higher and FCS 

with v2.3 or higher 

• FC200SR (part number FC2-0005- 004 or FC2-0006-004 will support 

datalogging) handheld computer with MV-RS v8.1 or higher and FCS with 

v2.3 or higher Approved Reading Applications 

•  Multi Vendor Reading System (MV-RS) v8.1 or higher or FCS v2.2 or higher 

software can read the 100W ERT module Standard Consumption Message 

(SCM) and Datalogging with the following reading devices: MC3 v3.3 or 

higher 

•  Multi Vendor Reading System (MV-RS) v8.2 or higher can read the 100W 

ERT module Standard Consumption Message (SCM) and Datalogging with 

the following reading devices: MC3 v3.3 or higher, FC300SR, FC200SR, and 

MCLite Approved Programming Devices » FC200SR with Field Deployment 

Manager (FDM) version 1.1 or higher software 

•  FC300SR with Field Deployment Manager (FDM) version 1.1 or higher 

software 

•  900 MHz Belt Clip Radio Field Deployment Manager (FDM) version 1.1 or 

higher software The 100W encoder version does not require any 

programming—it automatically detects the register type within one hour of 

being connected. 100W ERT modules do not require a FCC license. 

Programmable Mode Options » Mobile/Handheld Mode 

• This is the standard mode in which all 100W ERT modules will be shipped. 

This mode should be utilized when mobile or handheld meter reading will be 

the primary method of collecting the Standard Consumption Message (SCM) 

or datalogging reads. 

• The SCM will bubble-up in this mode every 9 sec. at standard power 

optimized for mobile read rate performance. 

• The battery life for this mode is 20 years » Fixed Network (FN) Mode 

• This mode is to be utilized when fixed network will be the method of meter 

data collection 
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• A high power Network Interval Message (NIM) will be transmitted every 5 

minutes with a contingency SCM message transmitted every minute at 

standard power 

• FN mode can be programmed at the factory, during installation with an 

approved handheld device or through mobile application after initial 

installation and programming 

• The battery life for this mode is 20 years » Hard-to-Read Mobile/Handheld 

Mode 

• This mode should only be used when communication modules are installed 

in difficult to read locations where standard mobile mode is not sufficient for 

satisfactory reading performance 

• This mode will bubble-up an SCM at 30 seconds with high power output to 

optimize performance of these unique applications 

• The battery life of this mode is greater than 10 years 

• This mode should be used when communication modules are installed in 

difficult to read environments where there is a high concentration of unfriendly 

RF and where standard mobile mode is not sufficient for satisfactory reading 

performance 

• This mode will bubble-up and SCM at 60 seconds with a higher power output 

to optimize performance of these unique applications 

• Battery life for this mode is 20 years 100W & 100WP Pit Dimensions » Height: 

4.5 inches » Maximum diameter: 

• Lower: 3.90 inches 

• Upper: Approx. 1.70 inches 

• Weight: Approx. 9.6 oz. 

 
Module cable length without integral connector: 5 feet and 20 inches (for register 

direct mounting) 

In-line connector register cables: 5 feet and 25 feet (ordered separately) Pit 

models can be installed up to 300 ft. from meter 100WR & 100WP-R Remote 

Dimensions Height: 4.5 inches Width: 5.05 inches. 

Depth: 1.47 inches Weight: Approx. 9.6 oz. Module cable length 10 inches Remote 

models can be installed up to 300 ft. from meter Mounting Options The 100W and 
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100WP models have a compact housing and features specifically designed for water 

pit mounting options Direct-mount for Badger, Elster and Hersey meters. 

4.18 SOFTWARE DESCRIPTION 

 
Arduino Software: 

Arduino is a tool for making computers that can sense and control more of 

the physical world than your desktop computer. It's an open-source physical 

computing platform based on a simple microcontroller board, and a development 

environment for writing software for the board. Arduino can be used to develop 

interactive objects, taking inputs from a variety of switches or sensors, and 

controlling a variety of lights, motors, and other physical outputs. Arduino projects 

can be stand-alone, or they can be communicate with software running on your 

computer (e.g. Flash, Processing, MaxMSP.) The boards can be assembled by 

hand or purchased preassembled; the open-source IDE can be downloaded for free. 

The Arduino programming language is an implementation of Wiring, a similar 

physical computing platform, which is based on the Processing multimedia 

programming environment. There are many other microcontrollers and 

microcontroller platforms available for physical computing. Parallax Basic Stamp, 

Netmedia's BX-24, Phidgets, MIT's Handyboard, and many others offer similar 

functionality. All of these tools take the messy details of microcontroller 

programming and wrap it up in an easy-to-use package. Arduino also simplifies the 

process of working with microcontrollers, but it offers some advantage for teachers, 

students, and interested amateurs over other systems. Simple, clear programming 

environment. The Arduino programming environment is easy-to-use for beginners, 

yet flexible enough for advanced users to take advantage of as well. For teachers, 

it's conveniently based on the Processing programming environment, so students 

learning to program in that environment will be familiar with the look and feel of 

Arduino. Open source and extensible software- The Arduino software and is 

published as open source tools, available for extension by experienced 

programmers. The language can be expanded through C++ libraries, and people All 

of these tools take the messy details of microcontroller programming and wrap it up 

in an easy-to-use package. Arduino also simplifies the process of working with 

microcontrollers, but it offers some advantage for teachers. 
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Arduino IDE: 

 
Arduino IDE is an integrated development environment. Can be used over 

different operating systems or platforms i.e. Windows, macOS, Linux. IDE is used 

for writing and uploading the code of the hardware for programming the 

microcontroller accordingly. The IDE consists of the different software libraries from 

the previous wiring project. 

 

 
Fig 4.6 Arduino IDE Sketch Pannel 

 

Fig 4.7 Select the required Arduino board 
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Fig 4.8 Sketch in Arduino IDE 
 

 

 
Fig 4.9 compilation 

Arduino's versatility extends to a myriad of applications, from home 

automation to educational projects and industrial automation. In home automation, 

Arduino boards can be used to create smart devices for controlling lights, 

temperature, and security systems, offering homeowners convenience and energy 

4.5 Sketch in Arduino DE 



39  

efficiency. In educational settings, Arduino serves as an invaluable tool for teaching 

electronics and programming concepts, fostering hands-on learning experiences 

that inspire creativity and problem-solving skills among students. Furthermore, 

Arduino's affordability and accessibility have democratized the field of robotics, 

enabling enthusiasts to build custom robots for various purposes, from exploration 

to entertainment. Moreover, in industrial automation, Arduino-based solutions are 

increasingly utilized for monitoring and control tasks, offering cost-effective 

alternatives to traditional systems. Overall, Arduino's impact transcends boundaries, 

empowering individuals and organizations worldwide to innovate and explore the 

possibilities of electronics and programming. 

Arduino also plays a significant role in the realm of wearable technology and 

Internet of Things (IoT) applications. With its compact form factor and low power 

consumption, Arduino boards are well-suited for integrating into wearable devices 

such as fitness trackers, smart watches, and health monitoring systems. These 

applications enable individuals to track and analyze various aspects of their daily 

lives, promoting personal health and well-being. Furthermore, Arduino's 

compatibility with IoT platforms and protocols allows for seamless integration with 

cloud services, enabling remote monitoring and control of devices over the internet. 

This connectivity opens up a world of possibilities for creating interconnected 

systems that enhance efficiency, convenience, and sustainability in various 

domains, from agriculture and environmental monitoring to smart cities and beyond. 

Arduino's impact extends to the realm of artistic expression and interactive 

installations, where it serves as a versatile platform for creating interactive artworks, 

kinetic sculptures, and immersive experiences. Artists and designers leverage 

Arduino's capabilities to incorporate sensors, actuators, and multimedia elements 

into their projects, blurring the lines between technology and art. Whether it's 

interactive exhibits in museums, interactive installations in public spaces, or 

interactive performances in theaters, Arduino enables artists to engage audiences 

in novel and captivating ways, fostering a deeper connection between viewers and 

the artwork. By democratizing access to technology and empowering creators to 

experiment and innovate, Arduino continues to fuel a vibrant ecosystem of artistic 

expression and technological exploration, enriching cultural experiences and 

pushing the boundaries of creativity. 
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4.19 EMBEDDED C LANGUAGE 

 
Embedded C is a set of language extensions for the C programming 

language by the C Standards Committee to address commonality issues that exist 

between C extensions for different embedded systems. Embedded C programming 

typically requires nonstandard extensions to the C language in order to support 

enhanced microprocessor features such as fixed-point arithmetic, multiple 

distinct memory banks, and basic I/O operations. 

The C Standards Committee produced a Technical Report, most recently 

revised in 2008[1] and reviewed in 2013,[2] providing a common standard for all 

implementations to adhere to. It includes a number of features not available in 

normal C, such as fixed-point arithmetic, named address spaces and basic I/O 

hardware addressing. Embedded C uses most of the syntax and semantics of 

standard C, e.g., main() function, variable definition, datatype declaration, 

conditional statements (if, switch case), loops (while, for), functions, arrays and 

strings, structures and union, bit operations, macros, etc. 

 
Embedded applications were developed using assembly level programming. 

However, they did not provide portability. This disadvantage was overcome by the 

advent of various high-level languages like C, Pascal, and COBOL. However, it was 

the C language that got extensive acceptance for embedded systems, and it 

continues to do so. 

 
The C code written is more reliable, scalable, and portable; and in fact, much 

easier to understand. Embedded C Programming is the soul of the processor 

functioning inside each and every embedded system we come across in our daily 

life, such as mobile phones, washing machines, and digital cameras. Each 

processor is associated with embedded software. The first and foremost thing is the 

embedded software that decides to function of the embedded system. Embedded C 

language is most frequently used to program the microcontroller.C language was 

developed by Dennis Ritchie in 1969. It is a collection of one or more functions, and 

every function   is   a   collection   of   statements   performing   a   specific   task. 

C language is a middle-level language as it supports high-level applications. 

https://en.wikipedia.org/wiki/C_(programming_language)
https://en.wikipedia.org/wiki/C_(programming_language)
https://en.wikipedia.org/wiki/ISO/IEC_JTC_1/SC_22
https://en.wikipedia.org/wiki/Embedded_system
https://en.wikipedia.org/wiki/Microprocessor
https://en.wikipedia.org/wiki/Fixed-point_arithmetic
https://en.wikipedia.org/wiki/Memory_bank
https://en.wikipedia.org/wiki/I/O
https://en.wikipedia.org/wiki/Embedded_C#cite_note-1
https://en.wikipedia.org/wiki/Embedded_C#cite_note-2
https://www.elprocus.com/ieee-projects-on-embedded-systems/
https://www.elprocus.com/how-to-program-the-microcontroller/
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The main features of the C language include the following. 

• C language is software designed with different keywords, data types, 

variables, constants, etc. 

• Embedded C is a generic term given to a programming language written in C, 

which is associated with a particular hardware architecture. 

• Embedded C is an extension to the C language with some additional header 

files. These header files may change from controller to controller. 

• The microcontroller 8051 #include<reg51.h> is used. 

 
 

In every embedded system based projects, Embedded C programming plays a 

key role to make the microcontroller run & perform the preferred actions. At present, 

we normally utilize several electronic devices like mobile phones, washing 

machines, security systems, refrigerators, digital cameras, etc. The controlling of 

these embedded devices can be done with the help of an embedded C program. 

For example in a digital camera, if we press a camera button to capture a photo then 

the microcontroller will execute the required function to click the image as well as to 

store it. Embedded C programming builds with a set of functions where every function is a 

set of statements that are utilized to execute some particular tasks. Both the embedded C 

and C languages are the same and implemented through some fundamental elements like 

a variable, character set, keywords, data types, declaration of variables, expressions, 

statements. All these elements play a key role while writing an embedded C program. 

 
The embedded system designers must know about the hardware architecture to 

write programs. These programs play a prominent role in monitoring and controlling 

external devices. They also directly operate and use the internal architecture of the 

microcontroller, such as interrupt handling, timers, serial communication, and other 

available features. As we discussed earlier, the designing of an embedded system 

can be done using Hardware & Software. For instance, in a simple embedded 

system, the processor is the main module that works like the heart of the system. 

Here a processor is nothing but a microprocessor, DSP, microcontroller, CPLD & 

FPGA. All these processors are programmable so that it defines the working of the 

device. An Embedded system program allows the hardware to check the inputs & 

control outputs accordingly. In this procedure, the embedded program. may have to 

control the internal architecture of the processor directly like Timers, Interrupt 

https://www.elprocus.com/8051-microcontroller-architecture-and-applications/
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Handling, I/O Ports, serial communications interface, etc. So embedded system 

programming is very important to the processor. There are different programming 

languages are available for embedded systems such as C, C++, assembly 

language, JAVA, JAVA script, visual basic, etc. So this programming language plays 

a key role while making an embedded system but choosing the language is very 

essential. 

Comments: In programming languages, comments are very essential to describe the 

program’s function. The code of the comments is non-executable but used to provide 

program documentation. To understand the function of the program, this will make a simple 

method to understand the function of the program. In embedded C, comments are available 

in two types namely single line and mainline comment.In an embedded C programming 

language, we can place comments in our code which helps the reader to understand the 

code easily. 

 

Directives of Processor: The lines included within the program code are called 

preprocessor directives which can be followed through a hash symbol (#). These 

lines are   the   preprocessor   directives   but   not   programmed   statements. 

The code can be examined through a preprocessor before real code compilation 

starts & resolves these directives before generating a code through regular 

statements. There are several special preprocessor directives are available 

although two directives are extremely helpful within the programming language 

Configuration of Port: The microcontroller includes several ports where every port 

has different pins. These pins can be used for controlling the interfacing devices. 

The declaration of these pins can be done within a program with the help of 

keywords. The keywords in the embedded c program are standard as well as 

predefined like a bit, sbit, SFR which are used to state the bits & single pin within a 

program.There are certain words that are reserved for doing specific tasks. These 

words are known as keywords. They are standard and predefined in the Embedded 

C. Keywords are always written in lowercase. These keywords must be defined 

before writing the main program. 

 
SFR Register: The SFR stands for Special Function Register. In 8051 

microcontroller, it includes the RAM memory with 256 bytes, which is divided into 

two main elements: the first element of 128 bytes is mainly utilized for storing the 
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data whereas the other element of 128 bytes is mainly utilized to SFR registers. All 

the peripheral devices such as timers, counters & I/O ports are stored within the 

SFR register & every element includes a single address. 

 
Global Variables: When the variable is declared before the key function is known 

as the global variable. This variable can be allowed on any function within the 

program. The global variable’s life span mainly depends on the programming until it 

reaches an end. 

 

Core Function: The main function is a central part while executing any program 

and it begins with the main function simply. Each program utilizes simply one major 

function since if the program includes above one major function, next the compiler 

will be confused in begin the execution of the program. 

 

4.20 ADVANTAGES & DISADVANTAGES OF EMBEDDED SYSTEMS 

Advantages: 

The advantages of embedded c programming include the following. 

• It is very simple to understand. 

• It executes a similar task continually so there is no requirement for changing 

hardware like additional memory otherwise storage space. 

• It executes simply a single task at once 

• The cost of the hardware used in the embedded c is typically so much low. 

• The applications of embedded are extremely appropriate in industries. 

• It takes less time to develop an application program. 

• It reduces the complexity of the program. 

• It is easy to verify and understand. 

• It is portable from one controller to another. 

Disadvantages: 

The disadvantages of embedded c programming include the following. 

• At a time, it executes only one task but can’t execute the multi-tasks 

• If we change the program then need to change the hardware as well 

• It supports only the hardware system. 

• It has a scalability issue 

• It has a restriction like limited memory otherwise compatibility of the 

computer 
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CHAPTER 5 

RESULTS AND DISCUSSION 

5.1 RESULTS 
 

An improvement in submerged correspondence framework is required 

because of expanded number of automated vehicles in space and submerged. 

Conventional submerged correspondence depends on acoustic signs and 

notwithstanding the generous progression in this field, acoustic correspondence is 

unable to give adequate data transmission low inertness. Optical submerged 

correspondence gives incredible potential to enlarge customary acoustic 

correspondence because of its high information rates, low dormancy, less force 

utilization and littler bundling. Likewise, this innovation can profit definitively from the 

advancement made in the earthly optical remote correspondence. We propose 

another strategy by adding heartbeats to the FDM technique which is predominantly 

utilized in submerged wire-less information correspondence. Rather than the regular 

optical remote transmission, we use information correspondence module. 

 

 
Fig 5.1 working model 

The working model of an underwater data transmission system integrates 

specialized Water Communication Data Transmission (WCDT) modules, designed 

to transmit and receive data through water mediums, forming the backbone of 

reliable communication in aquatic environments. Data encoding and modulation 

techniques, tailored for underwater communication characteristics, ensure robust 
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transmission despite challenges such as signal attenuation and ambient noise. 

Acoustic signals propagate through water, encountering obstacles like multipath 

propagation, which are addressed through signal processing methods to maintain 

communication integrity over long distances. Hydrophones and receivers capture 

transmitted signals, undergoing demodulation and decoding processes to extract 

original data. Signal processing further refines received signals, enhancing quality 

and correcting errors induced by underwater propagation effects. The decoded data 

is interpreted for meaningful insights, aiding applications like environmental 

monitoring or underwater exploration missions. Feedback mechanisms may 

dynamically adjust transmission parameters, optimizing communication efficiency in 

real-time. Through this holistic approach, the working model of underwater data 

transmission systems facilitates seamless information exchange in aquatic 

environments, advancing underwater communication technologies for diverse 

applications. 

 

Fig 5.2 Things speak project management panel 
 

The project management is essential for the successful implementation of 

a ThingSpeak project. It involves meticulous planning, diligent execution, and 

constant monitoring to ensure that the project objectives are met within the defined 

constraints. The project manager plays a pivotal role in coordinating various aspects 

of the project, including defining requirements, allocating resources, and managing 

timelines. Clear communication channels are established to facilitate collaboration 

among team members, stakeholders, and vendors. Regular progress updates and 



46  

status reports are shared to keep all parties informed and address any issues or 

challenges promptly. Risk management strategies are implemented to identify and 

mitigate potential threats to the project's success. By employing sound project 

management practices, ThingSpeak projects can be executed efficiently, delivering 

valuable insights and outcomes to stakeholders. 

 

 
Fig 5.3 Temperature sensor graph 

 
In a ThingSpeak project featuring a temperature sensor, the platform's 

capabilities shine through the creation of insightful temperature graphs. These 

graphs visualize the temperature data collected over time, providing users with a 

clear understanding of temperature trends and fluctuations. Through ThingSpeak's 

intuitive interface, users can effortlessly generate custom graphs tailored to their 

preferences. By selecting the desired data fields and specifying the time range, 

users can create dynamic temperature graphs that suit their monitoring needs. 

Whether tracking temperature variations over hours, days, or weeks, ThingSpeak 

empowers users to gain valuable insights from their temperature data with ease and 

efficiency. Such visualizations not only facilitate real-time monitoring but also enable 

historical analysis, aiding in decision-making processes and enhancing overall 

project management. 
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Fig 5.4 Heart beat sensor 

 
Integrating a heartbeat sensor with ThingSpeak offers a versatile platform for 

monitoring and analyzing heart rate data in real-time. With a heartbeat sensor 

interfaced with a microcontroller or IoT device, such as Arduino or Raspberry Pi, 

users can capture heartbeat data and transmit it to ThingSpeak for visualization and 

analysis. Once the heartbeat data is collected, it is transmitted to ThingSpeak's 

cloud-based platform, where it is stored in a dedicated channel. ThingSpeak's 

capabilities allow users to create custom visualizations, such as line graphs or 

gauges, to display the heartbeat data in real-time. These visualizations can be 

accessed from anywhere with an internet connection, enabling remote monitoring 

of heart rate. ThingSpeak enables users to set up alerts based on predefined 

thresholds, allowing for proactive notification in case of abnormal heart rate 

readings. Additionally, historical data can be analyzed to identify patterns or trends 

in heart rate variations over time. Integrating a heartbeat sensor with ThingSpeak 

provides a powerful solution for remote heart rate monitoring and analysis, with 

applications ranging from personal health tracking to medical research and beyond. 
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Fig 5.5 Respiratory Sensor 

 
Incorporating a respiratory sensor into ThingSpeak offers a valuable tool for 

real-time monitoring and analysis of respiratory data. With the respiratory sensor 

interfaced with a microcontroller or IoT device, such as Arduino or Raspberry Pi, 

users can capture respiratory data, including parameters like respiration rate, depth, 

and patterns.Once the respiratory data is collected, it is transmitted to ThingSpeak's 

cloud-based platform, where it is stored in dedicated channels. ThingSpeak's 

versatile visualization tools enable users to create custom graphs and charts to 

display respiratory data in real-time. These visualizations can provide insights into 

breathing patterns, detect irregularities, and track changes over time. 

ThingSpeak's analytics capabilities allow users to perform data processing 

and analysis on the respiratory data. This includes calculating statistics, identifying 

trends, and generating alerts based on predefined thresholds. Users can set up 

notifications to receive alerts via email or SMS in case of abnormal respiratory 

patterns, facilitating timely intervention or medical assistance if needed.integrating 

a respiratory sensor with ThingSpeak offers a powerful solution for remote 

respiratory monitoring and analysis, with applications in healthcare, fitness tracking, 

sleep monitoring, and environmental monitoring, among others. By leveraging 



49  

ThingSpeak's cloud-based platform, users can access respiratory data from 

anywhere with an internet connection, enabling convenient and efficient monitoring 

of respiratory health and wellness. 

 

 
Fig 5.6 Axis sensor 

 
Integrating an axis sensor with ThingSpeak provides an effective means 

of monitoring and analyzing spatial orientation data in real-time. Axis sensors, such 

as accelerometers or gyroscopes, measure changes in orientation along multiple 

axes, including pitch, roll, and yaw.When connected to a microcontroller or IoT 

device like Arduino or Raspberry Pi, the axis sensor captures spatial orientation 

data, detecting changes in position or movement. This data is then transmitted to 

ThingSpeak's cloud-based platform for storage and analysis.ThingSpeak's versatile 

visualization tools enable users to create custom graphs and charts to display axis 

sensor data dynamically. 



50  

5.2 DISCUSSIONS 
 

Discussions surrounding the integration of axis sensors with platforms like 

ThingSpeak delve into the multifaceted aspects of application diversity, technical 

considerations, data interpretation, privacy, and future trends. Participants often 

explore the myriad applications where axis sensors can make significant 

contributions, ranging from structural health monitoring to gaming experiences. 

These discussions highlight the versatility and potential impact of deploying such 

sensors in various domains. Moreover, participants engage in conversations 

regarding the technical challenges associated with sensor integration, such as 

calibration, data processing, and power management. By sharing insights and best 

practices, stakeholders collectively address these challenges and foster innovation 

in sensor technology. Additionally, discussions focus on effective ways to interpret 

and visualize spatial orientation data within the ThingSpeak platform, ensuring its 

accessibility and usability for end-users. Privacy and security considerations also 

feature prominently, with participants emphasizing the importance of safeguarding 

sensitive data collected by axis sensors. Finally, participants speculate on future 

trends and innovations, anticipating advancements in sensor technology, 

communication protocols, and integration with emerging IoT ecosystems. These 

discussions inspire collaboration and drive continuous improvement in sensor- 

based IoT solutions, shaping the future of connected devices and data-driven 

insights. 

ThingSpeak often serve as a catalyst for interdisciplinary collaboration. 

Engineers, data scientists, researchers, and domain experts from various fields 

come together to exchange ideas, share expertise, and explore innovative solutions. 

These collaborative efforts foster a holistic approach to problem-solving, leveraging 

diverse perspectives to address complex challenges. By bridging the gap between 

different disciplines, discussions stimulate creativity and innovation, leading to the 

development of novel applications and cutting-edge technologies. Additionally, they 

facilitate knowledge transfer and skill development, empowering participants to stay 

abreast of the latest developments in sensor technology and IoT platforms. 

Ultimately, these discussions not only drive advancements in axis sensor integration 

but also contribute to the broader ecosystem of IoT innovation, paving the way for 

transformative changes in industries and society as a whole. 
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6.1 CONCLUSION 

CHAPTER 6 

CONCLUSION & FUTURE SCOPE 

 

The implementation of underwater data transmission using Water 

Communication Data Transmission (WCDT) modules represents a significant 

advancement in underwater communication technology. Through meticulous 

research, development, and experimentation, WCDT modules have demonstrated 

their capability to establish reliable and efficient communication channels in aquatic 

environments, overcoming challenges such as signal attenuation and interference. 

The successful integration of WCDT modules into practical applications, including 

environmental monitoring, aquatic robotics, and underwater sensor networks, 

underscores their versatility and effectiveness in real-world scenarios. As 

discussions surrounding underwater data transmission continue to evolve, driven by 

innovation and collaboration, WCDT technology is poised to revolutionize various 

domains, offering new opportunities for scientific exploration, commercial 

applications, and sustainable resource management in our planet's oceans and 

water bodies. With ongoing advancements and investments in this field, the future 

holds promise for even greater achievements in underwater communication, 

unlocking new frontiers of discovery and understanding in the watery depths of our 

world. 

The immediate benefits of underwater data transmission using WCDT 

modules, the continued development and adoption of this technology hold the 

potential for profound long-term impacts. As researchers, engineers, and innovators 

refine WCDT modules and explore new applications, they pave the way for 

enhanced understanding and exploration of underwater ecosystems. This 

technology opens doors to unprecedented opportunities for scientific research, 

enabling real-time monitoring of marine environments, tracking of marine life, and 

assessment of underwater infrastructure. Moreover, by facilitating data-driven 

decision-making in areas such as marine conservation and resource management, 

WCDT modules contribute to the preservation and sustainability of our oceans and 

waterways for future generations. As efforts to expand the capabilities and reach of 

underwater data transmission progress, WCDT technology. 
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6.2 FUTURE SCOPE 

 
The future scope of underwater data transmission using Water 

Communication Data Transmission (WCDT) modules holds immense potential for 

transformative advancements in various domains. Continued research and 

innovation in this field are poised to unlock new frontiers of exploration and 

understanding in the underwater realm. One of the key areas of focus will be on 

enhancing the efficiency and reliability of data transmission, with efforts directed 

towards achieving higher transmission rates and extending communication ranges. 

This will enable real-time monitoring and communication over longer distances, 

facilitating applications such as deep-sea exploration, offshore infrastructure 

monitoring, and underwater research. Additionally, advancements in miniaturization 

and integration will lead to the development of compact and energy-efficient WCDT 

modules, suitable for deployment in autonomous underwater vehicles (AUVs) and 

underwater sensor networks. 

These advancements will pave the way for the creation of interconnected 

systems that can collect and transmit data from remote underwater environments, 

enabling insights into oceanic phenomena and contributing to scientific research, 

environmental monitoring, and resource management efforts. Moreover, the 

integration of WCDT technology with emerging trends such as the Internet of Things 

(IoT) will further expand the capabilities of underwater communication systems, 

enabling seamless integration with terrestrial networks and unlocking new 

possibilities for interconnected marine ecosystems. As efforts in this field continue 

to evolve, the future holds promise for WCDT modules to play a pivotal role in 

advancing our understanding of the world's oceans and fostering sustainable 

development and conservation efforts in aquatic environments. 
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