et A,
FTISREM Y]

International Journal of Scientific Research in Engineering and Management (IJSREM)
ISSN: 2582-3930

Volume: 09 Issue: 05 | May - 2025

SJIF Rating: 8.586

BalrajS
Department of Electrical and
Electronics Engineering
DayanandasagarAcademyof
TechnologyandManagement

Bengaluru, India _
balrajsrinivas03@gmail.com

Arov Underwater drone surveillance

Suman DS
Department of Electrical and
Electronics Engineering
DayanandasagarAcademyof
TechnologyandManagement
Bengaluru, India
sumands017@gmail.com

NischithMm
Department of Electrical and
Electronics Engineering
DayanandasagarAcademyof
TechnologyandManagement
Bengaluru, India
nischithnischi07 @gmail.com

Abstract—Underwater drones, also known as Remotely
Operated Vehicles (ROVs), have become essential tools for
marine surveillance. These drones are used for environmental
monitoring,maritimesecurity,scientificresearch, and offshore
industries. They are equipped with propulsion systems,sensors,
communication systems, and navigation controls, allowing
them to explore underwater environments efficiently.

Recent advancements have improved energy efficiency,
communication protocols, and autonomy features, making
ROVs more effective for tasks such as oceanographic surveys,
marine life monitoring, underwater archaeology, and search
and rescue operations. However, challenges such as power
constraints, communication range, and environmental impact
still exist.

Keywords— Remotely Operated Vehicle (ROV),
Autonomous Underwater Vehicle (AUV), etc

INTRODUCTION

Underwater drones, also known as Remotely Operated
Vehicles (ROVs),have revolutionized marine surveillance by
enabling eep- sea exploration, environmental monitoring ,and
maritimesecurity. These autonomous orremotely controlled
vehicles are equipped with high-resolution cameras, sonar
imaging ,and advanced sensors, allowing them to navigate
and collectd atain challenging un derwater environments.

Underwaterdrones,alsoknownasRemotelyOperatedVehicles(RO
V/s),haverevolutionizedmarinesurveillancebyenablingdeep-
seaexploration,environmentalmonitoring,andmaritimesecurity. Theseau
tonomousorremotelycontrolledvehiclesareequippedwithhigh-
resolutioncameras,sonarimaging,andadvancedsensorsallowing - them
to navigate and collect data in challenging underwater
environments.

The exploration and monitoring of underwaterenvironments
have historically posed significant challenges due to the
hostile, inaccessible, and dynamic nature of marine
ecosystems. Traditional methods relying on human divers
are limited by depth, duration, safety risks, and
environmental conditions. In response to these limitations,
Remotely Operated Vehicles (ROVs) have emerged as a
pivotal technology in underwater surveillance and research.
Thesetethered,unmannedsubmersibledronesareoperated
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from thesurface and are capable of executingcomplex tasks
with precision in environments where human presence is
impractical or hazardous.

ROVs are now widely utilized across a broad spectrumof
applications. In the oil and gas industry, they inspect and
maintain offshore platforms and subsea pipelines; in marine
biology, they enable the observation of deep-sea organisms
and habitats without disruption; in underwater archaeology,
they assist in the recovery and documentation of submerged
artifacts. Their use is also expanding in environmental
monitoring, defense operations, search and rescue missions,
and the inspection of critical underwater infrastructure such
as dams, bridges, and ports.

Advances in robotics, artificial intelligence (Al),
machine vision, and sensor technologies have significantly
enhanced the capabilities of modern ROV systems. These
enhancements include improved maneuverability,
autonomous navigation, real-time high-definition imaging,
objectdetection,anddatatransmissioneveninlow-visibility
conditions. Furthermore, the integration of Al and machine
learning allows for semi-autonomous behavior, anomaly
detection, and enhanced situational awareness, transforming
ROVs from passive observation tools into intelligent
platforms capable of active decision-making and
environmental interaction.

Despite these advancements, the deployment of ROVs still
presents several technical and operational challenges. These
include navigation in complex or cluttered environments,
limited battery life, tether management, and data processing
constraints. Ongoing research aims to overcome these
limitations by developing more robust control algorithms,
energy-efficient systems, and greater degrees of autonomy.
This paper provides a comprehensive review of the current
state of ROV-based underwater surveillance systems. It
discusses the key components and working principles of
ROVs, examines recent technological innovations, and
explores the implications of their application across various
domains. The paper also addresses existing challenges and
highlights future research directions for enhancing the
effectiveness and adaptability of ROV surveillance
technologies in underwater environments.
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LITERATURESURVEY
Remotely Operated Vehicles (ROVs) have emerged as a
dominant solution for underwater surveillance due to their
ability to operate in deep, hazardous, and hard-to-reach
marineenvironments. TheevolutionofROVtechnologyhas
been widely documented in literature spanning marine
engineering, robotics, oceanography, and environmental
monitoring. Thissectionreviewskeyacademiccontributions
and technological advancements that have shaped the
development and deployment of ROV-based underwater
surveillance systems.

1. HistoricalEvolutionandClassificationof

ROVs

Early work by Yuh (2000) and Singh et al. (1999)
providedfoundationalinsightintothedevelopmentand
classification of underwater robotic systems,
differentiating  between  tethered ROVs and
Autonomous Underwater Vehicles (AUVS). Yuh's
research outlined the mechanical and control
architectureofROVs,emphasizingtheirutilityindeep- sea
exploration and intervention tasks.

Laterstudies,suchasWhitcomb(2000),investigated
control systems for underwater vehicles, laying the
groundwork for robust dynamic positioning and
station-keepinginROVs.Thesestudieshighlightedthe
importance of thruster configuration, hydrodynamic
modeling, and feedback control loops.

2. AdvancesinSensorIntegrationand
Vision Systems

Recentliteraturehasfocusedheavilyontheintegration  of
sophisticated sensor suites into ROVSs.

Negahdaripour and Firoozfam (2006) explored stereo
vision systems for ROVs, enabling 3D mapping and
object reconstruction. Meanwhile, Kim and Eustice
(2013)demonstratedtheuseofforward-lookingsonar
(FLS) and optical cameras for real-time obstacle
avoidance and navigation in turbid waters.

Thedevelopmentofmulti-modalperceptionsystems
hasalsobeenamajorareaofstudy.Forinstance,the work of
Johnson-Roberson et al. (2010) combined visual
SLAM (Simultaneous Localization and Mapping) with
sonar data to improve navigation accuracy in GPS-
denied underwater environments.

3. UnderwaterNavigationandLocalization

Accurate underwater navigation remains a significant

challenge due to the absence of GPS signals. Several
researchers have addressed this issue through sensor
fusion approaches. Kinsey et al. (2006) proposed the
integration of inertial navigation systems (INS),
Dopplervelocitylogs(DVL),andacousticpositioning
systems to enhance underwater localization accuracy.
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4. Applicationsinlnfrastructurelnspection
and Environmental Monitoring

TheuseofROVsforinfrastructureinspectionhasbeen
extensively studied in both academic and industrial
contexts. Research by Bellingham and Rajan (2007)
highlighted the utility of ROVs for offshore platform
inspection, particularly in the oil and gas industry,
where visualand acoustic dataarecrucialfor detecting
structural anomalies.

In the environmental domain, the work of Wynn et al.
(2014) and Clarke et al. (2016) emphasized the role of
ROVsinecologicalmonitoring,coralreefassessments,
and marine biodiversity studies. Their findings
underscored how non-invasive, high-resolution visual
data collection can support long-term ecological
research and conservation strategies.

5. SecurityandDefenseApplications

ROVshavegainedattentionindefensesectorsfortheir
application in mine detection, harbor surveillance, and
underwater intelligence gathering. The U.S. Navy’s
REMUS and Seafox systems, as detailed in work by
Bingham et al. (2010), represent key examples of
military-grade ROV deployment. These platforms are
equipped with sonar, explosives handling tools, and
advanced Al for autonomous threat assessment.

Similarly, research by Sattar and Dudek (2009)
examined autonomous anomaly detection in
surveillancemissionsusingcomputervisionand machine
learning, improving real-time response capabilities in
security operations.

SummaryandResearchGaps

The literature demonstratessignificantadvancementsin
ROV-based underwater surveillance, particularly in
sensorintegration,navigation,andapplicationdiversity.
However, several research gaps remain:

o EnergyEfficiency:MostROVsaretethered
due to power constraints. Research into
compact, high-density energy sources and
wireless power transfer remains limited.

o Data Transmission: Real-time, high-
bandwidthcommunicationindeep-sea
operations is a persistent challenge.

e Autonomy: While progress in autonomy is
evident, fully autonomous ROVs capable of
adaptivebehaviorinunknownenvironmentsare
still under active development.

o Cost-EffectiveSolutions: Thereisaneedfor
affordable, scalable ROV systems for small-
scale or academic applications, especially in
developing regions.
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. PROBLEMSTATEMENT

The exploration, monitoring, and protection of
underwater environments are critical for various sectors
including marine research, offshore infrastructure
maintenance, environmental conservation, and maritime
security. However, traditional methods involving human
divers are inherently limited by operational depth, safety
risks, time constraints, and high costs. In response,
Remotely Operated Vehicles (ROVs) have emerged as a
promising solution, offering real-time surveillance
capabilitiesin environmentsthat are otherwise inaccessible
or hazardous.

Il. COMPONENTSUSED

MajorcomponentswhichareusedinROVunderwater Drone
Surveillance

1. StructuralFrame

e Material: Marine-grade aluminum, stainless steel,
or composite materials.

e Function: Provides a rugged, corrosion-resistant
housing for all onboard equipment. Designed to
withstand high-pressure environments and allow for
hydrodynamic efficiency.

= ~
TR Ly
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e

2. BuoyancyandBallastSystem

e Buoyancy Modules: Made of syntactic foam or
pressure-rated polymers to ensure neutral or slightly
positive buoyancy.

e Ballast Weights: Allow fine-tuning of trim and
stability based on mission payloads.

| www.ijsrem.com

3. PropulsionSystem

Norze

e Thrusters: High-efficiency brushless DC motors
arranged for 4 to 6 degrees of freedom (surge, sway,
heave, yaw, pitch, roll).

e ESCs (Electronic Speed Controllers): Regulate
power to the motors for precise maneuvering.

4. TetherandTetherManagementSystem(TMS)

Depoyerent patform

siaton-keeping
Curem"
Drag
Cage S Suomerged
cbiect

e Tether Cable: Includes copper wires for power
transmission and fiber optics for high-speed data
communication.

e TMS Unit: Manages tether deployment andretrieval,
reducesdrag,andpreventsentanglementin large work-
class systems.

5. PowerSupplySystem

e Surface Power Supply: Provides continuous
electrical power through the tether.

e Onboard Batteries: Used in inspection-class or
portable ROVs; typically lithium-polymer (Li-Po) or
lithium-ion (Li-ion) for high energy density.
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6. SensorSuite 9. SoftwareandProcessingUnits

prierity level

e Cameras:

¢ HD/4Kopticalcameras

e Low-lightandinfraredimagingsystems

e  Stereovisionfor3Dmapping

e SonarSystems:

e  Multibeam,side-scan,andforward-looking sonar

e ROV Control Software: Used for navigation, sensor
integration, and mission planning. Often includes PID
controllers, data logging, and GUI-based interfaces.

e EnvironmentalSensors: e AI/ML Modules: Implemented for object detection,
o  Temperature,salinity,pH, turbidity,dissolved anomaly identification, path planning, and decision-
oxygen making in semi-autonomous ROVs.
¢ NavigationalSensors:
o Depthsenso_rs(p_ressuretransducers) 1. BLOCKDIAGRAM
¢ InertialNavigationSystems(INS)
e DopplerVelocityLogs(DVL)
e  Magneticcompassandgyroscopes
Picamds0 FPV
7. LightingSystem S
Plcam360-CAM S § 3 e et
Raspberry Py Opentu &5
——— T egp  —F -
B oncn Deageary bl
= EB
Ao PC/Smartphone
T nc
= = :" Commn oA Cummatoous WP 383 R
e LED Light Arrays: Waterproof, pressure-tolerant oy remelo T ——
lights with adjustable intensity to improve visibility e M
in dark or deep-water conditions. e ey
Ovacday ey
8. ControlandCommunicationSystem
P o TheblockdiagramofanROV(RemotelyOperated Vehicle)
— underwater drone surveillance  system consists  of
& interconnected subsystems that work together to perform
usv - E underwaterexploration,monitoring,anddatacollection. The
ot | o2 A systembeginswiththeSurface Control Unit (SCU),which
e = serves as the operator interface. It includes joysticks, control
‘ ‘_ software,anddisplaymonitors,enablingreal-timecommand
sombte transmission and data reception. The SCU is connected tothe
. ‘. ROV via a tether cable,which supplies electrical power
‘ “ / Tt andprovidesahigh-bandwidthdatalinkthroughfiberoptics or

copper wires.
e Surface Control Unit (SCU): User interface for Inside the ROV, the Power Distribution Unit manages and
piloting the ROV, often equipped with joysticks, regulates the incoming power, distributing it to all

touchscreens, and telemetry monitoring. operational components such as motors, sensors, and
« Onboard Microcontrollers/Processors: ARM  l1ghting. In some designs, the ROV may also be equipped

Cortex, NVIDIA Jetson, or similar platforms for with onboard batteries (typically lithium-ion or lithium-

real-time data processing. polymer) to provide backup power or enable untethered
e Communicationinterfaces: operation for short durations.

o  Fiberopticmodems
e Acoustic communication (in wireless or untethered
operations)

© 2025, IJSREM | www.ijsrem.com | Page 4



http://www.ijsrem.com/

. T
'JIJSREM\

International Journal of Scientific Research in Engineering and Management (IJSREM)

SJIF Rating: 8.586 ISSN: 2582-3930

W Volume: 09 Issue: 05 | May - 2025

IV. METHODOLOGY

The methodology employed in the development and
deployment of an ROV-based underwater drone
surveillance  system involves a multi-disciplinary
integration of mechanical design, sensor fusion, control
algorithms,andcommunicationsystems. Thesurveillance
capability of the ROV is achieved through a systematic
approach  comprising  system  design, component
integration, field testing, and data analysis.

1. System Design and Architecture: The ROV system is
designed with a modular approach to ensure ease of
maintenance,flexibilityincomponentupgrades,andscalability
fordiversesurveillancemissions. Themechanicalframeis
constructedusinglightweight,corrosion-resistantmaterialssuch
asmarine-gradealuminumandcompositesyntacticfoam,which
ensures structural integrity and buoyancy stability. The
propulsion configuration is based on a six-thruster layout,
enabling full six-degree-of-freedom (6-DOF) maneuverability
requiredforprecisenavigationandstation-keepinginunderwater
environments.

2. SensorandPayloadlIntegration: TheROVisequipped
with a comprehensive sensor suite for environmental
monitoring, navigation, and visual inspection. The
integration includes:

¢ High-definition optical
capability for visual
streaming.

cameras with pan-tilt
surveillance and video

o Sonarsystems(forward-lookingsonarandmultibeam
sonar) for obstacle detection, terrain mapping, and
target tracking in turbid waters.

o Inertial Measurement Units (IMUs) and Doppler
Velocity Logs (DVLs) for dead-reckoning
navigation in GPS-denied environments.

e Environmental sensors to measure water quality
parameters such as temperature, salinity, pH, and
turbidity.

3. Control and Navigation: The control system
architecture is based on embedded microcontrollers (e.g.,
ARM Cortex or Raspberry Pi-based SBCs) programmed
to execute Proportional-Integral-Derivative (PID) control
loops for thruster actuation. Navigation is enhanced
through a sensor fusion algorithm that combines datafrom
the IMU, DVL, and depth sensors to provide accurate
position estimates. Obstacle avoidance and autonomous

waypoint  navigation are  implemented  usinga
Simultaneous Localization and Mapping (SLAM)
algorithm.

For operator-assisted missions, the system includes a
Surface Control Unit (SCU) equipped with a graphical
user interface (GUI) to visualize sensor data, control
thruster inputs via joysticks, and manage mission
parameters.

4. CommunicationandDataTransmission:

A tethered communication system provides high-
bandwidth, low-latency data transfer between the ROVand
the surface station. The tether incorporates fiber optic
cables for transmitting real-time video and telemetry,along
with copper conductors for power delivery. In addition,
data redundancy is maintained through onboard storage
devices, which log mission data for post- processing and
analysis.
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V. IMPORTANCEOFTHEPROJECT

. "ROV Underwater Drone Surveillance", with a
particular emphasis on the role of microcontrollers,suitable
for inclusion in a journal or technical report:

1. EnhancedSafetyandAccessibility.

2. HighPrecisionSurveillance.

3. Real-TimeDataAcquisitionandControl.
4. Cost-EffectivenessandModularity.

VI. CONCLUSION

The development and deployment of the ROV
Underwater Drone Surveillance system demonstrate a
significant advancement in the field of marine robotics and
underwater monitoring. This project successfully addresses
the critical limitations of traditional underwater inspection
methods by providing a safer, more efficient, and
technologically advanced alternative through the use of
remotely operated vehicles.

By integrating high-precision sensors, real-time video
surveillance, and microcontroller-based control systems, the
ROV is capable of navigating and monitoring complex
underwater environments with accuracy and stability. The
modular design ensures flexibility in mission-specific
applications, while the use of microcontrollers enhancesreal-
time data processing, efficient thruster control, and seamless
sensor integration. This not only improves the operational
reliability of the system but also makes it cost- effective and
accessible for a wide range of applications— including
environmental  monitoring,  infrastructure  inspection,
maritime security, and underwater exploration.

Moreover, the ROV system promotes automation and
remote operation, reducing the need for human divers in
hazardous conditions and minimizing the associated risks.
The successful implementation of this project highlights the
potential of embedded systems and marine robotics in
transforming underwater surveillance into a scalable,
autonomous, and intelligent solution..

In  conclusion, the ROV Underwater Drone
Surveillance project contributes meaningfully to thegrowing
body of work in underwater robotics. It lays a solid
foundation for future enhancements involving artificial
intelligence, wireless communication, and autonomous
navigation, ultimately paving the way for smarter, more
independent underwater systems.
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