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Abstract - Maritime rescue operations during cyclones
and rough sea conditions involve high risk and delayed
response. Traditional surveillance methods rely heavily
on manual patrol boats and human monitoring. This
paper proposes an Al-Integrated Autonomous Water
Surveillance Vessel designed for smart coastal
monitoring and emergency rescue support.

The system integrates an Al-enabled camera module for
real-time human  detection and a  wireless
communication system to transmit alerts to a control
room. Upon detecting human presence, the system
activates an Alexa-based voice alert mechanism to notify
authorities instantly.

Experimental prototype validation demonstrates
effective remote navigation, stable water surface
operation, and responsive alert generation. The
proposed framework enhances maritime safety while
reducing human operational risk. The proposed system
demonstrates the practical feasibility of integrating Al
perception and IoT-based alert automation in maritime
rescue applications.
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LINTRODUCTION

Coastal regions frequently experience accidents
involving fishermen and small vessels during extreme
weather conditions such as cyclones, high tides, and
poor visibility, making manual search and rescue
operations difficult and risky. Traditional maritime
surveillance systems rely heavily on patrol boats and
continuous human monitoring, which may delay
emergency response during harsh sea conditions.
Recent advancements in Artificial Intelligence (AI)
and unmanned surface vehicle technology have
enabled the development of intelligent surveillance
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platforms capable of operating autonomously in
hazardous environments. The proposed Al-Integrated
Autonomous Water Surveillance Vessel introduces a
smart and cost-effective solution for real-time marine
monitoring by integrating Al-based human detection
with wireless alert automation. The system is capable
of identifying human presence in water and generating
immediate voice alerts in a centralized control room,
thereby reducing operational risk and improving
rescue response efficiency. This human-centric
maritime safety framework enhances situational
awareness and supports faster emergency intervention.

IL.LITERATURE SURVEY

Several research works have explored unmanned
surface vehicles (USVs) for coastal monitoring and
marine defense. Wireless communication-based
rescue robots have demonstrated remote operational
capability in hazardous environments.

Al-based object detection systems have shown reliable
performance in surveillance applications. However,
most existing systems lack integrated real-time voice
alert mechanisms for centralized monitoring.

Few studies combine unmanned water vehicles with
Al-based human detection and IoT-driven alert
systems, highlighting the novelty of this proposed
system.

Research Gap:Existing maritime surveillance systems
primarily focus on:

. Manual monitoring
* Remote navigation without intelligent detection
» Absence of automated control room voice alerts

INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY 1591



© March 2026| IJIRT | Volume 12 Issue 10 | ISSN: 2349-6002

* Limited integration between Al detection and
emergency notification

There is a need for a low-cost, Al-enabled autonomous
vessel with smart alert capabilities.

INILMETHODOLOGY

The methodology of the proposed system is structured
around the integration of mechanical design,
embedded control systems, artificial intelligence-
based perception, and wireless communication
technology. The overall framework follows a modular
architecture where sensing, processing,

3.1 Vessel Structure Design
The vessel is designed with a lightweight waterproof
floating body to ensure stability and buoyancy during

operation. The mechanical frame supports electronic
components, propulsion motors, battery units, and the
camera module. Proper weight distribution and
structural balancing are maintained to prevent tilting
and ensure smooth movement on the water surface.

3.2 Control Unit Implementation

The control system coordinates navigation, detection,
and communication processes. It processes input
signals from the Al detection module and executes
predefined logic for movement control and alert
triggering. The controller ensures synchronized
operation between sensing, propulsion, and
communication subsystems.

3.3 Propulsion and Navigation System

The propulsion system enables directional movement
including forward, backward, left, and right
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communication, and alert generation operate in a
synchronized manner to ensure reliable real-time
surveillance. The system is designed to continuously
monitor the water surface, intelligently analyze visual
input for human presence, and transmit emergency
alerts without manual intervention. The coordinated
interaction between hardware components and Al-
driven detection algorithms enables efficient
autonomous operation in marine environments. Each
subsystem is carefully implemented to maintain
stability, detection accuracy, and responsive alert
generation under practical working conditions.

navigation. Controlled motor drivers regulate speed
and maneuverability of the vessel. The system
supports remote operation to allow the operator to
guide the vessel toward detected targets when
required.

3.4 Al-Based Human Detection Module

The Al-enabled vision module continuously monitors
the water surface and analyzes visual data to detect
human presence. Upon identifying a potential human
target, the system generates a trigger signal for alert
activation. The detection mechanism improves
surveillance efficiency and reduces dependency on
manual monitoring.

3.5 Wireless Communication Module

The wireless communication module transmits
detection signals and status information from the
vessel to the control room in real time. This ensures
uninterrupted ~ monitoring ~ without  physical
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connection. The system enables timely alert delivery
and remote supervision of vessel operation.

3.6 Control Room Alexa Alert System

When a human presence is detected, the system
activates a voice-based alert mechanism in the control
room. This audible notification ensures immediate
awareness without continuous visual observation. The
alert system enhances response speed and improves
emergency handling efficiency.

3.7 System Integration Flow

The system begins operation by navigating across the
water surface while continuously scanning the
surroundings through the AI vision module. Upon
detecting human presence, a trigger signal is generated
and transmitted wirelessly to the control room, where
the voice alert mechanism is activated. This
coordinated process ensures rapid emergency
notification and response initiation.
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The prototype of the Al-Integrated Autonomous
Water Surveillance Vessel was tested under controlled
water surface conditions.

Observed Results:

* The vessel maintained stable floating and smooth
navigation.

* Remote control using wireless communication
functioned effectively within operational range.
* The Al-enabled camera successfully detected human

presence in real-time conditions.
» Upon detection, the signal was transmitted without
significant delay.

* The control room Alexa device generated an
immediate voice alert.

The overall system response time from detection to
alert generation was observed to be within a few
seconds, ensuring quick notification capability.The
detection performance demonstrated consistent
reliability under controlled environmental conditions.
The prototype demonstrated reliable short-range
surveillance and alert functionality.

Discussion

The integration of Al-based human detection with an

autonomous water vessel significantly enhances

maritime rescue efficiency. Compared to traditional

manual monitoring systems, the proposed system

reduces human involvement in dangerous sea

conditions.

The Alexa-based voice alert mechanism ensures that

operators receive immediate audible notifications

without continuously monitoring visual screens. This

improves operational awareness and reduces response

time.

However, certain limitations were observed:

e  Wireless signal strength may reduce over long
distances.
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e Battery life limits extended surveillance duration.

e Harsh weather conditions may affect camera
visibility.

e  Detection accuracy depends on camera clarity and
environmental lighting.

Despite these limitations, the system proves to be a

cost-effective and practical solution for smart coastal

surveillance and emergency rescue assistance.

VI. NOVELTY AND CONTRIBUTION

e Integration of Al-based human detection in water
surveillance

e Control room Alexa voice alert mechanism

e  Cost-effective unmanned surface vessel design

e Reduction of human risk in rescue operations

e  Smart [oT-based maritime safety framework

VII. LIMITATIONS

Although the proposed system demonstrates effective

real-time surveillance and alert functionality, certain

practical  limitations were identified during
experimental validation:

1. Wireless communication range is restricted by
environmental interference and may reduce in
long-distance marine deployment.

2. The system performance depends on
environmental lighting and visibility conditions,
which may affect Al-based human detection
accuracy.

3. Battery capacity limits extended continuous
surveillance duration without recharging.

4. Extreme weather conditions such as heavy rain or
strong waves may impact vessel stability and
camera clarity.

These limitations provide opportunities for future

technological enhancement and system optimization.

VIII. FUTURE SCOPE

The proposed system can be further enhanced with the
following improvements:

* Integration of GPS-based real-time location tracking
for accurate rescue coordination.
* Implementation of long-range communication
technologies such as LoRa or satellite modules to
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extend operational coverage.
* Incorporation of thermal imaging cameras for
improved night-time and low-visibility detection.
* Addition of solar-powered energy systems to
increase surveillance duration and operational
efficiency.

* Development of semi-autonomous navigation with
obstacle detection and avoidance mechanisms.
* Implementation of multi-vessel swarm technology
for large-scale coastal monitoring.
* Integration with cloud-based monitoring platforms
for centralized data storage and analytics.

IX. CONCLUSION

The Al-Integrated Autonomous Water Surveillance
Vessel provides an intelligent and practical solution
for maritime monitoring and rescue assistance. By
combining unmanned navigation, Al-based human
detection, and Alexa-enabled voice alert systems, the
proposed framework enhances safety, reduces
operational risk, and improves emergency response
time.

This system represents a significant step toward smart
coastal surveillance infrastructure.
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