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Abstract: Underwater robotic systems play an important role in environmental observation, water quality 

assessment, and exploration of submerged regions where direct human access is difficult and risky. This 

paper presents the design and implementation of a sensor-assisted underwater robotic framework for real-

time water monitoring and exploration. The proposed system integrates an Arduino Nano controller, 

Bluetooth communication module, temperature sensing unit, underwater HD camera, DC motors, brushless 

DC motor, and electronic speed controller to enable efficient navigation and data acquisition. The robotic 

platform is designed using a lightweight and buoyant structure that supports stable operation on the water 

surface as well as at moderate depths. A mobile application provides remote control functionality and 

facilitates monitoring of environmental parameters. Real-time temperature measurement and live video 

transmission allow continuous observation of underwater conditions and surrounding objects. The 

framework supports environmental data collection, surveillance, and exploratory tasks while maintaining 

simplicity and cost effectiveness. Experimental evaluation demonstrates reliable movement, effective 

communication, and accurate sensing capabilities, making the system suitable for educational, research, 

and water resource management applications in diverse aquatic environments. 

 

Index Terms –Underwater Robotics, Remotely Operated Vehicle (ROV), Water Monitoring, Arduino 

Nano, Bluetooth Communication, Environmental Sensing, Underwater Exploration, HD Camera, Real-

Time Surveillance, Sensor-Assisted Framework. 

 

I. INTRODUCTION 

Water resources play a vital role in environmental sustainability, scientific research, industrial activities, and 

ecosystem preservation. Continuous monitoring of water bodies has become increasingly important due to 

rising levels of pollution, climate change impacts, and the growing need for effective management of aquatic 

environments. Traditional methods of water observation and data collection often require significant human 

effort, specialized equipment, and direct access to challenging locations. Such approaches may be time 

consuming, costly, and potentially hazardous when operating in deep or contaminated water regions. As a 

result, advanced technological solutions are being explored to improve the efficiency, accuracy, and safety 

of water monitoring operations. 

Recent developments in robotics, embedded systems, wireless communication, and sensor technologies 

have enabled the creation of intelligent platforms capable of performing monitoring tasks with minimal 

human intervention. Among these technologies, Underwater Robotic systems have gained considerable 

attention for their ability to operate in submerged environments while collecting valuable environmental 
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information. These systems are widely utilized for scientific exploration, surveillance, infrastructure 

assessment, marine studies, and water quality evaluation. Their capability to access areas that are difficult 

or unsafe for human operators makes them an effective solution for underwater applications.The project 

presents the design and implementation of a sensor-assisted underwater robotic framework for real-time 

water monitoring and exploration. The proposed system incorporates an Arduino Nano microcontroller, 

Bluetooth communication module, temperature sensor, underwater HD camera, DC motors, brushless DC 

motor, and an electronic speed controller to achieve reliable underwater operation. A mobile application 

serves as the user interface for remote navigation and control of the robotic platform. The integrated sensing 

and imaging components enable continuous observation of underwater conditions and collection of 

environmental data.The robotic structure is designed to provide buoyancy, stability, and efficient movement 

in water. Real-time transmission of sensor readings and visual information enhances situational awareness 

and supports effective monitoring activities. The framework is intended to offer a low-cost and practical 

solution for educational, research, and environmental applications.  

II. RELATED  WORKS 

 

Article [1] "Development and Experimental Verification of Search and Rescue ROV System" by Bo 

Sun and Weichao Pang in 2022: This paper presented the design and implementation of a search and rescue 

remotely operated vehicle for underwater operations. The system was developed to perform underwater 

target detection, tracking, and rescue activities. A modular frame structure was adopted to improve flexibility 

and maintenance. The vehicle incorporated underwater cameras and intelligent object detection techniques 

for improved navigation. Experimental validation was conducted in both pool and sea environments. Results 

demonstrated stable movement, reliable communication, and effective underwater target acquisition. The 

study highlighted the importance of integrating sensing and vision technologies into underwater robotic 

platforms for practical applications. 

 

Article [2] "The Future of Underwater Robotics: Trends and Technologies in ROV Design and 

Application" by Priyanka Das and Rahul Sharma in 2023: This study examined recent technological 

advancements in underwater robotic systems and remotely operated vehicles. The paper discussed 

developments in propulsion mechanisms, communication systems, sensor integration, and energy 

management techniques. Emphasis was placed on improving maneuverability and operational efficiency in 

underwater environments. The research highlighted the increasing adoption of modular robotic architectures 

for flexible deployment. Various industrial and environmental monitoring applications were reviewed. The 

findings indicated that advanced sensing and intelligent control significantly improve underwater mission 

performance. The paper provided useful insights into future directions for underwater robotic research. 

 

Article [3] "3D Water Quality Mapping Using Invariant Extended Kalman Filtering for Underwater 

Robot Localization" by Kaustubh Joshi and Tianchen Liu in 2024: This research focused on water 

quality monitoring using an underwater robotic platform equipped with environmental sensors. The system 

collected temperature, salinity, and turbidity information from different depths. An Extended Kalman 

Filtering approach was utilized for localization and mapping accuracy. The robotic platform enabled detailed 

three-dimensional water quality assessment. Experimental studies demonstrated improved environmental 

data collection compared to conventional methods. The proposed framework supported accurate spatial 

analysis of water conditions. The work emphasized the role of underwater robots in environmental 

monitoring and resource management. 

 

Article [4] "BlueME: Robust Underwater Robot-to-Robot Communication Using Compact 

Magnetoelectric Antennas" by Mehron Talebi and Sultan Mahmud in 2024: This paper introduced an 

underwater communication system designed for robotic platforms operating in challenging aquatic 

conditions. The proposed approach utilized compact magnetoelectric antennas to establish reliable 

communication links. The system achieved long-range data transmission while maintaining low power 

consumption. Field experiments demonstrated effective operation in turbid and obstacle-rich environments. 

The communication framework improved coordination among multiple robotic units. Results indicated 

enhanced reliability compared to conventional underwater communication methods. The study contributed 

toward the development of cooperative underwater robotic networks. 
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Article [5] "Design, Development and Testing of a Compact Underwater ROV for Exploration" by 

Mohd Shahrieel Mohd Aras and Nur Syafiqah Abdullah in 2025: This paper described the development 

of a compact four-degree-of-freedom underwater ROV intended for exploration tasks. Structural analysis 

was performed to ensure durability under underwater pressure conditions. The vehicle incorporated sensors, 

cameras, and an Arduino-based control system. Performance evaluation included buoyancy, stability, 

acceleration, and maneuverability testing. Experimental results confirmed reliable operation in underwater 

environments. The compact design reduced manufacturing costs while maintaining operational 

effectiveness. The research demonstrated the feasibility of low-cost underwater robotic solutions for 

monitoring applications. 

 

Article [6] "Autonomous Underwater Exploration and Inspection in Visually Challenging 

Environments" by Ryan Eustice and Matthew Johnson-Roberson in 2024: This work investigated 

autonomous underwater exploration using advanced perception and navigation algorithms. The robotic 

system was designed to operate effectively in low-visibility underwater environments. Visual sensing 

techniques were combined with intelligent decision-making approaches. The framework enabled 

autonomous path planning and environmental mapping. Experimental results demonstrated accurate 

navigation under challenging conditions.  

 

Article [7] "Underwater Drones: Advances in AUVs, ROVs, and Soft Robotics" by Ankit Jain and 

Rohan Gupta in 2026: This review analyzed recent progress in underwater drones, remotely operated 

vehicles, and soft robotic technologies. The paper discussed propulsion systems, power sources, navigation 

methods, and communication technologies. Particular attention was given to bio-inspired robotic designs 

for enhanced adaptability. Various environmental monitoring and exploration applications were examined. 

The study highlighted current technical challenges including energy limitations and underwater 

communication constraints.  

Article [8] "HyDRA Scorpion: A Cost-Effective and Modular ROV for Real-Time Underwater Object 

Detection" by Anika Tabassum Orchi and Md Farhan Zaman in 2026: This paper proposed a low-cost 

underwater robotic system integrating artificial intelligence and object detection capabilities. The platform 

combined multiple sensors, vision modules, and manipulator mechanisms. The robotic vehicle achieved 

stable navigation and real-time underwater object recognition. Experimental validation confirmed reliable 

operation under simulated underwater conditions. The integrated AI module provided accurate detection 

performance. Modular construction improved scalability and maintenance. The research demonstrated the 

effectiveness of intelligent underwater robotic systems for exploration and monitoring tasks. 

 

Article [9] "Advanced Sensor Integration for Environmental Monitoring Using Underwater 

Vehicles" by David Lee and Michael Brown in 2023: This study investigated the integration of multiple 

environmental sensors into underwater robotic platforms. Parameters such as temperature, dissolved 

oxygen, and turbidity were monitored continuously. The robotic framework enabled real-time data 

acquisition and transmission. Experimental results showed improved environmental assessment accuracy. 

Sensor fusion techniques enhanced measurement reliability.  

 

Article [10] "Smart Navigation Techniques for Remotely Operated Underwater Vehicles" by Ahmed 

Hassan and Karim El-Sayed in 2022: This paper focused on navigation and control strategies for 

underwater robotic systems. Intelligent motion planning algorithms were implemented to improve 

maneuverability. The vehicle utilized onboard sensors to estimate position and orientation. Experimental 

testing demonstrated accurate path-following performance. Communication and control reliability were 

maintained during underwater operation.  

 

Article [11] "Real-Time Vision-Based Monitoring Using Underwater Robotic Platforms" by 

Samantha Wilson and Robert Clark in 2024: This research explored the use of underwater cameras for 

continuous environmental observation. Advanced image acquisition techniques were integrated into a 

robotic monitoring platform. The system enabled real-time visualization of underwater structures and 

habitats. Experimental evaluation confirmed high-quality video transmission and stable operation. Visual 

data improved situational awareness during exploration tasks.  
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Article [12] "Low-Cost Embedded Control Architecture for Underwater Exploration Vehicles" by 

Vikram Patel and Arjun Mehta in 2025: This paper presented an embedded control framework for 

affordable underwater robotic systems. An Arduino-based controller was integrated with communication 

and sensing modules. The architecture supported real-time control and environmental data acquisition. 

Experimental testing verified stable vehicle movement and reliable sensor operation. The design reduced 

system complexity while maintaining functionality. Cost-effective implementation made the platform 

suitable for academic and research applications. The study demonstrated the potential of embedded 

technologies in underwater robotic exploration. 

III. PROBLEM STATEMENT 

Monitoring underwater environments remains a significant challenge due to limited accessibility, poor 

visibility, and the risks associated with manual inspection and data collection. Traditional methods often 

require human intervention, specialized equipment, and substantial operational costs, making continuous 

observation difficult. Obtaining real-time information about water conditions, submerged objects, and 

environmental changes is often inefficient and time consuming. In many cases, the absence of a compact 

and cost-effective monitoring system restricts regular assessment of water resources. Communication 

limitations, inadequate sensing capabilities, and difficulties in underwater navigation further reduce 

monitoring efficiency. Therefore, an effective solution is required to enable reliable real-time water 

monitoring, environmental data acquisition, and underwater exploration. 

IV. OBJECTIVES 

The primary objective of this study is to design and implement a sensor-assisted underwater robotic 

framework capable of performing real-time water monitoring and exploration tasks. The system aims to 

facilitate remote operation through wireless communication while ensuring stable movement in underwater 

environments. Another objective is to integrate environmental sensing capabilities for collecting important 

water parameters and transmitting the information to the user in real time. The study also focuses on 

incorporating an underwater HD camera for continuous visual observation and surveillance. Additionally, 

the project seeks to develop a cost-effective, compact, and user-friendly robotic platform suitable for 

educational, research, and environmental applications. Enhancing operational safety, reducing human effort, 

and improving the efficiency of underwater data collection are also key objectives. 

V. METHODOLOGY 

 

1) System Design and Framework Development: The methodology begins with the design of a compact 

underwater robotic framework capable of operating in submerged environments. A lightweight structure is 

developed to ensure stability, buoyancy, and efficient movement in water. Proper arrangement of electronic 

components is considered to achieve balanced navigation and reliable performance. 

 

2) Hardware Integration: The underwater robotic platform is developed by integrating essential hardware 

components such as Arduino Nano, Bluetooth module, temperature sensor, HD camera, DC motors, BLDC 

motor, and electronic speed controller. Each component is connected according to the functional 

requirements of the system. This integration enables sensing, communication, control, and monitoring 

operations within a single framework. 

 

3) Wireless Communication Setup: A Bluetooth communication system is established to provide wireless 

interaction between the robotic vehicle and the user. Commands generated through a mobile application are 

transmitted to the onboard controller for execution. This approach enables convenient remote operation and 

reduces the need for direct human intervention during monitoring activities. 

 

4) Environmental Data Acquisition: The temperature sensor is utilized to measure important water 

parameters during operation. Sensor readings are collected by the Arduino Nano and processed for 

monitoring purposes. The acquired environmental information is transmitted to the user in real time to 

support observation and analysis of water conditions. 

 

5) Underwater Navigation and Motion Control: Movement of the robotic platform is achieved through 

the coordinated operation of DC motors and a brushless DC motor. The electronic speed controller regulates 
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motor performance to ensure smooth and accurate navigation. This mechanism allows the vehicle to move 

in different directions and perform underwater exploration tasks effectively. 

 

6) Real-Time Visual Monitoring: An underwater HD camera is integrated into the system to capture live 

video of submerged environments. The camera continuously records visual information and provides real-

time observation of underwater conditions. This feature enhances monitoring capabilities and assists in 

identifying objects and environmental changes. 

 

7) System Testing and Performance Evaluation: The developed framework is tested under different 

operational conditions to assess its effectiveness and reliability. Parameters such as communication quality, 

navigation performance, sensor functionality, and video transmission are evaluated. The obtained results are 

analyzed to verify the suitability of the system for real-time water monitoring and exploration applications. 

 

VI. SYSTEM ARCHITECTURE 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 1: System Architecture of AquaSentinel: Bluetooth-Enabled Underwater Surveillance and 

Inspection Robot 

 

The system architecture consists of an Arduino Nano that functions as the central controller for managing 

communication, sensing, monitoring, and navigation operations. A Bluetooth receiver establishes wireless 

communication between the underwater robotic platform and the mobile application, allowing remote 

control and command transmission. The DC motor driver controls the left and right DC motors, enabling 

directional movement and maneuverability of the vehicle. An electronic speed controller interfaces with the 

brushless DC motor to regulate thrust and depth-related motion. Power is supplied through an 11.1V 

3000mAh battery connected to a DC power supply unit, ensuring stable operation of all electronic modules. 

A temperature sensor continuously measures water conditions and sends the collected data to the controller 

for processing. An HD camera captures live underwater visuals to support observation and exploration 

activities. The LED driver and LEDs provide illumination in low-visibility environments, improving image 
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clarity and monitoring effectiveness. All subsystems operate in coordination to achieve reliable real-time 

water monitoring, environmental sensing, and underwater exploration tasks efficiently. 

VII. EXPERIMENTAL SETUP 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2: Developed Prototype of the Sensor-Assisted Underwater Robotic Vehicle 

 

The figure shows the developed underwater robotic vehicle constructed using a PVC frame structure 

integrated with propulsion units, lighting modules, sensors, and waterproof electronic housing. The 

prototype is designed to provide stable underwater navigation, real-time water monitoring, and visual 

exploration while maintaining a compact and cost-effective configuration. 

VIII. CONCLUSION AND FUTURE WORKS 

In this research, a sensor-assisted underwater robotic framework for real-time water monitoring and 

exploration was successfully designed and implemented. The system integrated wireless communication, 

environmental sensing, visual monitoring, and navigation capabilities into a compact platform. Experimental 

evaluation demonstrated reliable performance in underwater operations, effective data acquisition, and 

stable remote control. The developed framework provides a cost-effective solution for monitoring water 

environments and supporting exploratory activities. Future work can focus on advanced water quality 

sensors, autonomous navigation, intelligent obstacle avoidance, enhanced communication range, energy 

efficient operation, improved depth control, cloud-based data management, artificial intelligence assisted 

analysis, multi-robot coordination, and large-scale deployment. 
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