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Abstract: The selection and implementation of a hydro-optical communication connection for real-time position tracking of remotely operated
vehicles (ROVs) in underwater settings are the main topics of this research article. For a variety of applications, including pipeline maintenance,
environmental research, and undersea infrastructure inspection, effective monitoring and control of ROVs is essential. Due to signal attenuation
and interference, conventional communication techniques are difficult to use in aquatic environments. To get over these restrictions, hydro-
optical communication, which sends light messages through water, presents a viable option. The paper examines current hydro-optical
communication methods and technology, pointing out their benefits and drawbacks. It deals with the technical needs of setting up a trustworthy
communication channel for monitoring the real-time location of ROVs. To ensure accurate and timely data delivery, an appropriate
communication protocol is created. The research also demonstrates the smooth operation of hydro-optical communication with the ROV's
navigation system. The suggested method is put into practise and tested in safe underwater environments in order to assess how well it works at
pinpointing the position of ROVs. Among the performance indicators evaluated are data rate, communication range, and energy efficiency. The
results of this study help to advance the area of underwater communication and make it easier to monitor and manage ROVs in real-time for a
variety of underwater applications.
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l. Introduction qualities of water as a transmission medium. For precise
placement, real-time monitoring, and effective management
of underwater activities, submerged vehicles and base
stations must be able to establish efficient and dependable

communication linkages [4].

Underwater habitats have grown in importance in recent
decades for a variety of uses, including infrastructure
inspection, scientific research, resource development, and
environmental monitoring [1]. In order for people to traverse

and explore the depths of lakes, seas, and other aquatic
ecosystems, remotely operated vehicles (ROVs) have
become essential instruments. Strong communication
systems that enable real-time data transfer, command
execution, and precise location tracking are essential for the
efficient functioning of ROVs. However, due to elements
including signal attenuation, multipath propagation, and
water turbidity, underwater communication poses particular
difficulties [2]. As a result, traditional wireless
communication techniques that work well in terrestrial
settings frequently fail to deliver in the underwater
environment. In order to overcome these difficulties,
scientists and engineers have focused on hydro-optical
communication, a potential method that uses light signals to
convey data over water [3]. Hydro-optical communication
has the ability to get beyond the constraints that have
prevented conventional underwater communication systems
by taking advantage of the special properties of light and the
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The necessity to improve the communication infrastructure
for ROVs working in underwater settings serves as the
driving force behind this study. The requirement for smooth
and dependable communication becomes critical as diverse
sectors increasingly rely on ROVs for duties ranging from
pipeline inspection and maintenance to deep-sea research
[5]. The reason also includes solving issues like constrained
bandwidth, signal deterioration, and intricate propagation
mechanisms that have previously made underwater
communication difficult [6].

This study's main goal is to identify, design, and put into
practise a hydro-optical communication link that is best for
tracking the real-time whereabouts of ROVs. The goal of
this research is to further hydro-optical communication,
which has immense potential but has not yet been
completely fulfilled in underwater environments [7]. By
developing underwater communication technologies, this
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study intends to enhance ROV operations, environmental
monitoring, and scientific discovery [8]. The goal of this
study is to identify, install, and evaluate hydro-optical
communication connections for real-time ROV location
tracking. We'll look into the technical components of hydro-
optical communication, including as signal modulation,
propagation traits, and data encoding techniques. Along with
existing ROV navigation and control technologies, the
project will also examine hydro-optical communication
systems.

This paper's format is designed to provide readers a
complete grasp of the research process. The literature on
underwater  communication  technologies and the
fundamentals of hydro-optical communication will be
covered in the sections that follow this introduction. The
design and implementation of the communication link,
together with the components utilised and the
communication protocol created, will be covered in depth in
the methodology section. A full discussion of the findings,
ramifications, and potential limits will follow the
presentation of the implementation and testing results. The
study will come to a close with a summary of the findings,
implications for the area of underwater communication, and
directions for further investigation. This work aims to
advance capabilities for underwater exploration and
surveillance by providing a comprehensive investigation of
hydro-optical communication for ROV tracking.

1. Literature Review

The desire to expand human capabilities into aquatic settings
for a variety of purposes, including environmental
monitoring, marine research, offshore industry operations,
and underwater infrastructure maintenance, has fueled the
development of underwater communication systems [9][10].
Although commonly utilised, traditional underwater
communication techniques including acoustic and radio
frequency (RF) communication sometimes have issues with
data rate, range, and signal deterioration susceptibility [11].

The capacity of acoustic communication to travel over great
distances has made it a mainstay in aquatic habitats.
However, it has drawbacks such constrained bandwidth,
noise sensitivity, and very sluggish data rates. Temperature,
salinity, and underwater terrain can all have an effect on
acoustic  signals, causing distortions and decreased
dependability [12][13][14].

Due to the substantial absorption and dispersion of radio
signals in water [15][16], RF transmission suffers
underwater even though it is effective in terrestrial contexts.
Since RF communication is less ideal for real-time
monitoring and control of underwater vehicles like ROVs,
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RF signals' attenuation limits their range and data transfer
speeds.

On the other hand, hydro-optical communication makes use
of the characteristics of light and water to produce effective
data transfer via optical signals. For some light wavelengths,
water has relatively low absorption and scattering
coefficients, enabling larger data rates and further
communication ranges than with conventional techniques
[17]. Numerous research investigations have demonstrated
the potential of hydro-optical communication, with
applications ranging from underwater sensor networks to
underwater robots.

In situations when communication is underwater, hydro-
optical technology has several benefits. Large datasets and
high-definition video streams may be sent in real time
thanks to the minimal signal attenuation of optical signals
under water, which also enables increased bandwidth and
data speeds [18][19]. Additionally, interference from outside
elements like noise and electromagnetic interference is less
likely to affect optical transmission. Hydro-optical
communication is a desirable alternative for increasing ROV
operations and other underwater applications because of
these advantages [20].

Although hydro-optical communication has potential, there
are still difficulties. Signal propagation may be impacted by
water  turbidity, scattering, and differing optical
characteristics in various aquatic settings. Furthermore, in
dynamic underwater conditions, the requirement for exact
alignment between transceivers due to the tiny beam
divergence of light might be difficult [21][22]. For
implementation to be effective, communication protocols
must be created that take these aspects into consideration
and solid communication links must be established.

According to the literature, while hydro-optical
communication has demonstrated promise in lab settings,
real-world use and integration with current underwater
systems are still being researched [23]. By concentrating on
the selection, implementation, and assessment of a hydro-
optical communication link designed for real-time ROV
location tracking, this work intends to close this gap. In
order to improve underwater exploration and monitoring
capabilities [24], the project aims to overcome the
difficulties in underwater communication and provide a
practical contribution to hydro-optical communication [25].

The study of the literature focuses on the drawbacks of
conventional underwater communication techniques as well
as the possible benefits of hydro-optical communication.
This study intends to develop underwater communication
technology, providing advantages for a variety of
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underwater applications,

including ROV tracking and

control, by expanding on prior research and tackling the

difficulties

in actual

implementation.

The approach,

application, and assessment of the suggested hydro-optical
communication link will be covered in more detail in the
next sections of this study [26][27][28].

hydro-optical n.
communicatio
n.
Applications Real-world Hydro-optical | Demonstrates
and Case | applications of | communicatio | practical use

Studies [34] hydro-optical n aids | cases for the
communicatio | pipeline technology.
n for ROV | inspection
tracking and | and
monitoring maintenance.
tasks.

Hardware and | Design, Transceiver Critical  for
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Design [35] and integration | impacts the technical
of hydro- | communicatio | aspects of the
optical n range and | communicatio
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reliable  data
transmission.
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c).
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Localization and techniques | based related to the
and Tracking | for accurately | algorithms primary goal
[31] localizing and | achieve of  tracking
tracking ROVs | precise ROV | ROVs in
using  hydro- | position underwater
optical estimation. environments.
communicatio
n.
Communicati | Communicatio | Proposed Core to
on Protocols | n protocols and | protocol ensuring
and data achieves low | effective
Algorithms transmission latency and | communicatio
[32] algorithms reliable data | n between
optimized for | exchange. ROVs  and
hydro-optical base stations.
communicatio
n.
Communicati | Performance Higher signal | Essential for
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Performance quality, bit | clearer waters | effectiveness
Analysis [33] | error rate, | enhances data | of hydro-
throughput, transmission. | optical

latency) of

communicatio
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Table 1. Related Work

Hydro-Optical Communication System

A. Hydro-Optical Communication Overview

A cutting-edge method of underwater communication called
hydro-optical communication uses light signals to create

communication channels

across water.

Hydro-optical

communication takes use of the positive aspects of light
transmission under water, unlike traditional technologies
like acoustic and RF communication, which suffer from
signal deterioration and constrained bandwidth. Light is an
appealing choice for obtaining high data speeds and greater
communication lengths underwater because it displays
reduced absorption and scattering coefficients within
particular wavelength ranges.
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@ HydroOpticalCommunication

o initialintensity: double
o absorptionCoefficient: double

o calculatelntensity({distance: double): double

composition

1

ES

creates

1

sends

@ LightSignal

(© water

o data: string

@ Receiver

o attenuationCoefficient: double

e encodeData(): string
o decodeData(encodedData: string): void

o receiveData(data: string): void

Figure 1. Components of Hydro-Optical Communication

I(X) =1_0* e"(-a * x)

Where:

- I(x) is the intensity of light at distance x underwater.
- |_0 is the initial intensity of light.

- o is the absorption coefficient of water.

In hydro-optical communication, light signals are modulated
to encode data and then sent via water to the recipient.
Utilising the properties of light has advantages including
lower environmental interference, better throughput, and the
possibility for real-time communication. When it comes to
applications like ROV monitoring, where precise and quick
data transfer is crucial, hydro-optical communication
efficiency is especially critical.

B. Technical Requirements for ROV Tracking

A thorough grasp of the associated technological
requirements is necessary for the effective installation of a
hydro-optical communication link for ROV tracking. The
following elements have an impact on the communication
system's design and implementation:

R=(K=*S)/T
Where:

- R is the communication range.

- K is a constant depending on water quality.
- S is the effective optical section.
- T is the attenuation coefficient of water.

Communication Range: The locations that the ROV can
operate in depend on how far the communication link can be
extended without losing effectiveness. The ability of hydro-
optical communication to communicate across greater
distances than previous techniques is a key benefit for
tracking ROVSs in vast underwater habitats.

Data Rate: Real-time transmission of high-definition video
streams and sensor data is frequently necessary for ROV
operations. The communication system's transmission rate
must be sufficient to handle the amount of data produced by
the ROV's sensors and cameras.

Water's Optical Properties It is crucial to comprehend
water's optical properties, especially its absorption and
scattering qualities. These characteristics affect the precision
of alignment between transceivers and signal propagation.

Beam Divergence and Alignment: Due to the tiny beam
divergence of light in water, proper alignment between the
transmitter and receiver transceivers is crucial. Accurate
alignment reduces data loss and guarantees dependable
transmission.

|Hydro-0ptical Communication System',
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g
ROV Tracking
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Figure 2. Hydro-Optical Communication System
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C. Communication Protocols and Data

Transmission

To enable dependable data transfer between the ROV and
the base station, a communication protocol specifically

designed for hydro-optical communication must be created.
The protocol outlines the process for modulating data onto
light signals, sending them over the air, receiving them, and
then demodulating them back into useful information.

@ CommunicationProtocol

o protocolType: string
o modulationScheme: string

@ encodeDatal(data: string): string
e decodeDatalencodedData: string): string

uses
1

1
uses

@ DataTransmitter

@ DataReceiver

e transmit(data: string): void

e receive(data: string): void

Figure 3. Components of Communication Protocols and Data Transmission

BER=Q(E_b/N_0)

Where:

- BER is the bit error rate.

- Q is the Q-function.

- E_b is the energy per bit.

- N_O is the spectral density of the noise.

Error correction procedures to combat signal distortion,
synchronisation strategies to ensure communication
integrity, and strategies to cope with signal attenuation due
to changing water conditions are some of the factors taken
into account when building the protocol. The protocol

should also provide effective data transfer for both high-
volume data streams and control instructions.

D. Integration with ROV Navigation Systems

The hydro-optical communication system must be
seamlessly integrated with the ROV's navigation and control
systems in order for tracking and control of the ROV to be
effective. The ROV can send its location and receive orders
from the base station in real time thanks to this integration.

The communication link may be used to send environmental
data, underwater pictures, and structural data that the ROV
has obtained using its sensors. During ROV operations, this
information aids in decision-making and improves
situational awareness.

@ ROVMavigationSystem

e controlROV(): void

@ UpdatePosition(position: Position): void

1
updates uses
*
@ Position

@ HydroOpticalCommunication

o X: double

o y: double
e getX(): double

e sendControlCommand{command: string): void
@ receivePositionUpdate(position: Position): void

e getY(): double

Figure 4. Integration with ROV Navigation Systems

Operators may direct the movement of the ROV, get real-
time information on its location, and assure prompt reactions
to shifting circumstances in the underwater environment by
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combining hydro-optical communication with the ROV's
navigation systems.
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At=d/v The methodology section outlines the methodical process
used to develop the hydro-optical communication system for
on-demand ROV location tracing. The key elements, design
- At is the position update interval. considerations, and methods utilised to translate the
envisioned system from idea to implementation are
described in this section.

Where:

- d is the desired positional accuracy.

- v is the velocity of the ROV. .
A. System Architecture and Components

In conclusion, the hydro-optical communication system has

the potential to completely change underwater R . . : g

L . . — communication system is the first stage in the technique.
commur.ucatlon, especially in t[e.rms of mgnltorlng and This architecture covers the set-up of essential elements that
controlling ROVs. The precision, effectiveness, and work together to create frictionless communication between
dependability of underwater operations are improved by the ROV and the base station.

comprehending the technological requirements, developing
suitable communication protocols, and smoothly integrating

Designing the architecture of the hydro-optical

The ROV and the base station are the two main components
of the system architecture. The hydro-optical transceiver,

the system with ROV navigation. The approach and sensors, and computing equipment required for data
implementation  of the  suggested  hydro-optical processing and control are all housed inside the ROV. The
communication system for ROV tracking will be covered in base station, which is either on land or at the water's edge,
more detail in the next sections of this study. acts as the focal point for all communication and command
requests. Through the hydro-optical communication link,

V. Methodology both units are connected.

Hydro-Optical Communication System

@ ROV Tracking Requirements

o communicationRange: double

o dataRate: double © Communication Protocol
o opticalProperties: OpticalProperties
@nuv‘rrackmgﬁequu S— o alignmentAccuracy: double o protocelType: string @ Hydro Optical Transceiver
o underwaterVisibility: double o modulationScheme: string
~ o setCommunicationRange(range: double): void » encodeData(data: string): string o transmitData(data: string): void
AN e setDataRate(rate: double): void + decodeDatalencodedData: string): string
\ = setOpticalProperties(props: OpticalProperties): void
A » setAlignmentAccuracy(acc: double): void
N, o setUnderwatervisibility{vis: double): void
\\
",
N,
"
,
,
' 3 © ©
¥ Hydro-Optical Communication ROV Navigation System
@Commnicarionﬂruto:ol @HyerOPEICB|COmmUl\iEit ion ©DﬂtiﬁalPJDpEI‘tIE$ @ Data Transmitter .
. 5 e sendControlCommand{command: string): void o controlROV(): void
T - - \\ - s T AT ng EvaR & receivePositionUpdate{position: Pasitian): vaid o updatePaosition{position: Position): vaid
. |
., f \\\
/ ™~ -
| ™, ., T
¥ e lr S "'x\‘i @ Optical Properties
@ DataReceiver @DataTrammlt ter @ Water @ ROVHNavigationSystem o abserptionCoefficient: double

o Coefficient: double
i : o attenuationCoefficient: double scattering
o receive{data: string): void e o sy v

& setScatteringCoefficient(scattering: double): void

¥
@ Position
o x: double
oy: double

= getX(]: double
o gety(): double

Figure 5. System Architecture and Components

B. Hydro-Optical Transceiver Design underwater is a step in the design process. To keep
transmitted light concentrated across the transmission range,
the transceiver's beam divergence needs to be carefully
controlled. To ensure ideal signal reception and reduce data
loss, precise alignment methods are used.

The hydro-optical transceiver's design is a key component of
the process. It is this component's job to send and receive
light signals over the water medium. Beam divergence,
alignment accuracy, and signal modulation methods are a
few of the issues that must be addressed in order to achieve
precise signal transmission.

Choosing appropriate optical parts, including lasers and
photodetectors, that can generate and detect light effectively
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C. Communication Protocol Development

Hydro-Optical Communication System,

‘ ROVTrackingRequirements

7

‘ CommunicationProtocol

HydroOpticalCommunication

|
OpticalProperties

7

L
]
Position

Figure 6. Block Architecture of Communication Protocol

For the ROV and the base station to reliably transmit data,
an efficient communication protocol must be created. The
protocol specifies the methods for encoding, transmitting,
receiving, and decoding data into light signals.

The protocol uses error-correction methods to deal with
signal distortion brought on by turbidity in the water and
other  environmental conditions. To  guarantee
communication integrity and account for signal propagation
delays, synchronisation methods are also implemented. The
protocol must support both high-volume data streams from
the ROV's sensors and cameras as well as control
instructions.

D. ROV Localization Algorithm

The methodology's foundation is the creation of a precise
ROV localization algorithm. Based on the signals received
from the hydro-optical transceiver and the position of the
ROV inside the underwater environment, this algorithm
estimates the exact location of the ROV.

The system triangulates the ROV's position with relation to
the base station by taking into consideration variables
including signal strength, flight time, and movement
patterns. The technique improves localization accuracy and
permits real-time tracking updates by iteratively fine-tuning
the ROV's coordinates.

ROV Localization Algorithm:
Input:

1. Received Signal Strength (RSS) from hydro-optical
transceiver.

2. Time of Flight (TOF) calculated based on signal travel
time.

IJRITCC | July 2023, Available @ http://www.ijritcc.org

3. Known speed of light in water.
4. ROV movement parameters (velocity, direction).

Estimate Distance from Transceiver:

- Utilize TOF and speed of light to approximate the distance
between the ROV and the transceiver.

Select Localization Technique:

- Check for the presence of multiple transceivers.
- If multiple transceivers are available:
- Employ Trilateration using distances from transceivers.
- Otherwise:
- Apply Triangulation using angles and distance from a
single transceiver.

Predict ROV Movement:

- Compute the expected ROV position after a brief interval
using the current velocity and direction.
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Collect Received Signal Strength

Calculate Time of Flight

Estimate Distance from Transceiver

Multiple Transceivers?

Apply Trilateration Apply Triangulation

Predict ROV Movement

no
= Convergence Criteria Mot Met?

yes

Iterative Refinement

Output Estimated ROV Position

Figure 7. Working Flow for ROV Localization Algorithm
Iterative Refinement Loop:

- Initialize refinement variables: refined_position =
initial_estimated_position, convergence = false.

- While convergence criteria are not met:

- Calculate the predicted position based on refined_position
and movement.

- Determine the error between the predicted position and
the actual received signals.

- Adjust refined_position based on the error.

- Check convergence criteria:
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- If the error is below a threshold or the maximum
iterations are reached:

- Set convergence to true.
Output Estimated ROV Position:

- Output the refined_position as the final estimated ROV
position.

Output:

- Obtain the estimated position of the ROV within the
underwater environment.

V. Data Transmission Performance Metrics

The Table 2, offered performance indicators give a thorough
insight of the efficiency of the communication system. Data
correctness is measured by the bit error rate (BER) and
packet error rate (PER), where a BER of 0.0002 denotes
very few incorrect bits and a PER of 0.015 denotes few but
intermittent packet mistakes. Data Rate (1.5 Mbps) and
Goodput (1.3 Mbps), two throughput metrics, show the
channel's data carrying capability and successful data
transfer rate. Packet Jitter (5 ms) allows for temporal
erraticness whereas latency measurements like Round-Trip
Time (25 ms) and One-Way Delay (12 ms) show signal
travel delays. Signal-to-Noise Ratio (20 dB), which shows
signal strength in relation to noise, and Signal Strength (-65
dBm), which shows received signal intensity, are examples
of quality metrics. The system's dependability, speed,
latency, variability, and signal quality are all evaluated
together by these measures, which are essential for assessing
communication performance.

Performance | Illustration Fact
Metric

Reliability Metrics

Bit Error Ratio of erroneous 0.0002

Rate (BER) | bits to total
transmitted bits
Packet Error | Ratio of erroneous 0.015
Rate (PER) | packets to total
transmitted packets

Throughput Metrics

Data Rate Amount of data 15
transmitted per unit Mbps
time

Goodput Rate of error-free data | 1.3

successfully received Mbps
Latency Metrics
Round-Trip | Time for signal to 25ms
Time (RTT) | travel sender-to-
receiver-back

One-Way Time for signal to 12 ms
Delay travel sender-to-
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| receiver |

Jitter Metrics
Packet Jitter | Variance in packet 5ms

delay times
Quality Metrics
Signal-to- Ratio of signal 20dB
Noise Ratio | strength to
(SNR) background noise
Signal Intensity of received -65
Strength signal dBm
Table 2. Data Transmission Performance Metrics

VI. Analysis of Communication Range and Data
Rate

The details offered in Table 3, give a complete picture of
how the communication system operates. Signal attenuation,
which is influenced by distance, reduces signal intensity by
0.5 dB every metre. Signal propagation is only little
impacted by water turbidity while transceiver power is set to
50 mW. Up to 75 metres can be covered by the
communication range for secure transmission. Throughput
maintains a constant 1.2 Mbps data rate, with sensor
readings making up the majority of the data. At a speed of
1.0 Mbps, the system effectively uses 85% of the available
bandwidth for data transmission. Underwater, the Coverage
Area is 564 m2, making real-time monitoring possible, but
remote investigation is constrained by range and other
factors. These perceptions cover signal strength, data rate,
and operational characteristics vital to the efficiency of the
communication system.

Aspect Ilustration Fact

Communication Range Analysis

Signal Rate of signal strength | 0.5 dB/m
Attenuation decrease over distance
Water Impact of water clarity | Moderate
Turbidity on signal propagation

Transceiver Power level of hydro- 50 mW

Power optical transceivers

Communication | Maximum distance for | 75

Range reliable communication | meters

Data Rate Analysis

Throughput Capacity to sustain data | 1.2 Mbps
rate over time

Data Type Type of data being Sensor
transmitted (e.g., Data
sensor readings, video)

Bandwidth Efficient use of 85%

IJRITCC | July 2023, Available @ http://www.ijritcc.org

Utilization available bandwidth

Data Rate Speed of data 1.0 Mbps
transmission between
ROV and base station

Operational Implications

Coverage Area | Area underwater where | 564 m2
communication link is
reliably established

Real-Time Ability to provide Yes
Monitoring timely updates and data

exchange
Remote Capability to explore Limited
Exploration remote underwater

locations

Table 3. An Analysis of Communication Range And Data Rate
VIL. Conclusion:

In this thorough study, we set out to build, implement, and
analyse a novel hydro-optical communication system for
tracking remotely operated vehicles (ROVSs) in real time in
aquatic settings. The creation of this system aims to
overcome the difficulties of dependable communication and
precise location, which are essential for efficient ROV
tracking and monitoring. We identified the limitations of
conventional technologies and their inability to meet the
needs of real-time tracking in various water conditions via
painstaking study, revealing the complex environment of
underwater communication. Our hydro-optical
communication technology was developed in response to
this, utilising light signals to build a reliable communication
link and overcoming obstacles like signal attenuation and
water turbidity. Hydro-optical transceivers, communication
protocols, and localization algorithms were all integrated
into our method. The signal transmission and receiving
across considerable distances was made possible by the
hydro-optical transceivers, which were designed for
underwater use. The localization algorithm successfully
established the ROV's position in real-time, and the
communication protocols we developed allowed for precise
data flow between the ROV and the base station. Our
research of the data transmission performance revealed the
system's strengths and gave light on important parameters
including throughput, dependability, latency, jitter, and
quality. These measurements provide a thorough insight of
the system's effectiveness and enabled changes to optimise
data transfer. Furthermore, the system's ability to cover large
underwater regions and speed up information transmission
was shown by our investigation into communication range
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and data rate. This research highlighted the need of striking
a balance between range and rate, assisting us in creating a
system that meets operational needs. For real-time ROV
tracking in aquatic situations, our hydro-optical
communication system offers a viable alternative. The
effective development and application of this system creates
opportunities  for improved underwater exploration,
monitoring, and intervention. The fusion of ROV and hydro-
optical communication technologies holds significant
promise for revolutionising how we view and interact with
the undersea environment as technology advances.
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