
IJSART - Volume 10 Issue 9 – SEPTEMBER 2024                                                                          ISSN [ONLINE]: 2395-1052 
 

Page | 8                                                                                                                                                                       www.ijsart.com 

 

A Survey on Self Stabilized Intelligent Control System 

for Aquatic Vehicles 

 

Shahanas N S
1
, Gopika M Sivaraj

2
, Poornima Mahesh

3
, Dr. Deepak P

4 

1, 2, 3, 4 Dept of Electronics and Communication Engineering 
1, 2, 3, 4 Sree Narayana Gurukulam College of Engineering, Kadayiruppu, Kolenchery, Ernakulam 

 

Abstract- The primary goal of the project is to develop and 

build an extremely useful aquatic vehicle that can remain 

stable and balanced in a variety of water conditions. This 

cutting-edge vehicle is designed to function well in both calm 

and rough or turbulent environments. The vehicle's clever 

integration of many components, such as a number of 

actuators, sensors, and sophisticated control algorithms, is the 

secret to its remarkable steadiness. While the actuators make 

real-time modifications to the vehicle's position and angle, the 

used sensors continuously monitor the orientation of the 

vehicle and the surrounding conditions. These adjustments are 

necessary to ensure that the boat maintains its stability and 

uprightness in the face of unpredictable waves or currents. 

One noteworthy aspect of this design is the inclusion of a 

gyroscopic stabilizing system, which is crucial in dynamically 

adjusting the center of gravity of the vehicle. This feature 

makes it possible to make quick adjustments that improve 

balance overall and facilitate more fluid movement in a 

variety of aquatic scenarios. This self-balancing water vehicle 

has a wide range of possible uses. It can be used 

recreationally, giving people who want to explore rivers a 

special and entertaining experience. The vehicle is also very 

useful for environmental monitoring because it can move 

across various aquatic ecosystems and collect data on 

wildlife, water quality, and other ecological aspects. Its shape 

also makes it a good fit for search and rescue operations, 

providing a dependable platform that can reach places that 

might be difficult for conventional vehicles to access. In 

general, the creation of this self-stabilizing watercraft 

signifies a breakthrough in marine technology, providing fresh 

opportunities for investigation, study, and public enjoyment in 

aquatic settings. 
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I. INTRODUCTION 

 

 The creation of cutting-edge aquatic vehicles has 

completely changed a number of sectors, including offshore 

energy, environmental monitoring, and maritime 

transportation. However, vehicle stability, manoeuvrability, 

and overall performance are severely hampered by the 

dynamic and unpredictable nature of aquatic situations. 

Conventional control systems frequently have trouble 

preserving the ideal balance and stability, which lowers 

operational effectiveness, efficiency, and safety. 

 

The creation of self-stabilized intelligent dynamic 

control systems has been made possible by recent 

developments in artificial intelligence, control systems, and 

sensor technologies. These cutting-edge systems, which 

provide precise control, increased safety, and real-time 

adaptation to changing environmental circumstances, have the 

potential to revolutionize aquatic vehicle design and operation. 

          

In order to overcome the shortcomings of 

conventional control systems, this research attempts to design, 

develop, and test a unique self-stabilized intelligent dynamic 

control system for aquatic vehicles. It does this by utilizing 

state-of-the-art tools and methodologies. This system aims to 

greatly increase aquatic vehicle performance, stability, and 

manoeuvrability by integrating advanced sensors, AI-driven 

control algorithms, and real-time data processing. This will 

ultimately improve safety, efficiency, and operational 

effectiveness.                 

 

The ability of the system to maintain equilibrium and 

stability in the absence of outside guidance or interference is 

known as self-stabilization. Numerous processes, including 

feedback  loop ,adaptive control, and inherent stability ,are 

used to accomplish this. Systems with self-stabilization are 

able to function independently and well even in dynamic 

contest .Examples of self stabilization include a bicycle’s  

capacity to balance itself while in  motion, which has 

significant applications in robotics ,control systems 

engineering, aerospace and a drones ability to stabilize its 

flight path using sensors and algorithms. This idea involves 

engineering, where independent functioning is essential.    

   

A well-liked microcontroller from Atmel's AVR 

family, the ATmega328 is well-known for striking a balance 

between performance, power efficiency, and adaptability. 

Based on the AVR RISC architecture, this 8-bit 

microcontroller achieves efficient performance by executing 
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the majority of instructions in a single clock cycle. It has 32 

KB of flash memory for program storage, 2 KB of SRAM for 

data, and 1 KB of EEPROM for non-volatile data 

preservation. 

 

 It runs at a maximum clock speed of 20 MHz It is 

perfect for many different applications, ranging from 

straightforward embedded systems to intricate electronics 

projects, because to its comparatively small size and low 

power consumption. One of the ATmega328's key attributes is 

its rich set of I/O peripherals, which include 23 general-

purpose I/O pins, six analog-to-digital converters (ADCs), and 

several communication interfaces such as USART, SPI, and 

I2C. This diverse array of peripherals allows for flexibility in 

interfacing with sensors, actuators, and other devices, making 

the ATmega328 a popular choice for hobbyists and engineers 

alike. Additionally, it supports PWM (Pulse Width 

Modulation) on  several pins, which is useful for controlling 

motors, LEDs, and other devices that require analog-like 

signal outputs.                                                                                                                                                                                                        

 

II. LITERATURE REVIEW 

 

A. GYROSCOPIC STABILIZATION OF UNSTABLE 

VEHICLES: CONFIGURATIONS, DYNAMICS,  AND  

CONTROL. 

 

Authors: Stephen C.Spry* and Anouck R.Girard** 

Year:2008                                                                                                                                                                                                                                                         

 

This paper explores how using gyroscopes can help 

stabilize vehicles like two-wheeled monorails or cars, which 

are typically  unstable. 

  

Gyroscopes are spinning wheels that can help keep 

these vehicles balanced, especially when navigating sharp 

turns or steep inclines.  

 

The idea is that the gyroscope can generate forces 

that counteract any tilting or swaying of the vehicle, making it 

stay upright. The research involves creating mathematical 

models to understand how this stabilization works, testing 

different setups (like using one or two gyroscopes), and 

simulating these models to see how well they perform. The 

paper also includes details about building and testing a 

smaller-scale model of the vehicle to see if the theory works in 

practice. Overall, the study aims to show that using 

gyroscopes can be a cost-effective way to improve the stability 

and performance of certain types of vehicles.[2] 

 

 

B. THE STABILITY PROBLEM AND A SIMPLE 

SUSTAINABLE SOLUTION. 

Author: Yrvind 

Year:2020 

 

In this article, the author takes an unconventional 

approach to sailing preferences. Instead of opting for the 

widely favored wider and deeper boats, which offer more 

stability but can become prone to tipping over if they go 

beyond a certain width, he champions narrow, shallow-draft 

boats with less ballast. These narrower boats are not only 

better suited for navigating shallower waters but also provide 

greater efficiency. They produce less drag and need smaller 

sails to reach similar speeds, which makes them both practical 

and versatile. This perspective strikes a balance between 

stability and the practical demands of cruising, emphasizing 

efficiency and adaptability. 

 

 

C.   DESIGN AND IMPLEMENTATION OF TWO-

WHEELED SELF-BALANCING VEHICLE BASED ON 

LOAD SENSORS. 

Authors:Shao-Yu Chien  ,An-Sung Wang  , Ching-Chang 

Wong 

Year: 

 

This paper presents the development of a user-

friendly,     self-balancing, two-wheeled vehicle utilizing an 

Arduino  control board, an inertial measurement unit, and six 

load sensors. The vehicle's balance is maintained by detecting 

its tilt with an inertial sensor and monitoring the rider's posture 

through load sensors. To address issues where changes in 

ankle angle might cause the vehicle to misjudge the center of 

gravity, the load sensors track both lateral and longitudinal 

shifts in the rider's weight. This correction ensures more 

accurate balance. Additionally, the sensors estimate the rider's 

center of gravity   height, providing a consistent riding 

experience for individuals of varying heights and weights. 

 

 

D. SELF-STABILIZING BOAT BY USING THE                                                                   

PRINCIPLE OF GYROSTABILIZER 

Authors:MinikumariG,Parthasarathy B.M ,Abhijith S,Kavya 

M. S,Badeea Mohammed Ibrahim 

Year:2020 

 

This paper explores the inherent risks associated with 

fishing, one of the most dangerous professions due to the 

unpredictable climatic conditions of the oceans. Monthly 

reports highlight numerous accidents occurring in deep-sea 

environments, primarily caused by boat instability. The 

current lack of emphasis on fisherman safety and the absence 
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of efficient life-saving mechanisms exacerbate the dangers 

faced. To address this, the paper proposes a cost-effective 

solution to maintain the stability of small boats. It introduces a 

system based on gyrostabilizer principles to enhance stability 

and integrates a GPS module for tracking the boat's location 

during emergencies, coupled with a GSM module for sending 

SMS alerts.[1] 

 

III. WRITE DOWN YOUR STUDIES AND 

 

FINDINGS 

 

PRINCIPLE BEHIND THIS STABILIZED BOAT 

 
Fig 1:Gyro Sensor [7] 

   

A control mechanism that lessens a ship's or aircraft's 

tilting movement is called a gyroscopic stabilizer. It uses a 

small gyroscope to sense orientation, and it uses force or 

control surfaces to oppose spin in a large gyroscope. It might 

be: Certain active ship stabilizers work by adjusting the ship's 

"active fins" or exerting stress on a sizable gyroscope. A big 

gyroscope is subjected to force by an anti-rolling gyro, also 

known as a ship stabilizing gyroscope. The aircraft's control 

surfaces are adjusted using the gyroscopic autopilot.[3] 

  A gyroscope is a complicated instrument with three separate 

axes: the spin axis, the input axis, and the output axis. It 

functions on the basis of angular momentum. The line that the 

flywheel is spinning around is referred to as the spin axis. This 

spin axis is vertically oriented in the context of marine 

applications, such as those seen in boats. The gyroscope's 

ability to function depends on its vertical orientation, which 

creates a stable reference point in relation to the gravitational 

forces operating on the vessel. 

 

Understanding how outside forces affect the 

gyroscope's behaviour requires an understanding of the second 

axis, also referred to as the input axis. The axis around which 

input torques are applied is this one. When it comes to a boat, 

the longitudinal axis—the lengthwise axis that extends from 

the bow to the stern—and the major input axis line up. This 

longitudinal axis is important because it represents the boat's 

inherent rolling motion in reaction to weight shifts or waves 

This device behaves similarly to a spinning top, a popular toy 

with comparable physical characteristics. The spinning top 

exhibits a growing capacity to hold itself upright as it 

accelerates, defying any tilting or wobbling movements. 

Similar to this, the gyroscope's stability rises with the 

flywheel's increased rotational speed. The gyroscope's 

function navigation and stability depends on its increased 

propensity to remain upright, especially in maritime contexts 

where motion dynamics are continuously changing as a result 

of outside factors.[1] 

 

The transverse axis, sometimes known as this 

longitudinal axis, is the axis around which the gyroscope 

rotates in response to external forces acting upon the boat. 

 

IV. BLOCK DIAGRAM 

 

 
Fig 2:Block diagram 

 

In a self-stabilized boat system, the Arduino Uno 

serves as the central control unit, managing the overall 

operation of the boat by reading sensor data related to its tilt or 

water levels and processing this information to ensure 

stability. The system is powered by a 12V battery, which is 

kept charged by a battery charger. The battery supplies power 

to the Arduino Uno, the water pump driver, and the chamber 

pumps. The water pump driver, controlled by the Arduino 

Uno, regulates the operation of the left and right chamber 

pumps. These pumps are responsible for adjusting the water 

levels in their respective chambers. When the boat tilts, the 

Arduino Uno determines which pump needs to be activated to 

balance the boat by either adding or removing water from the 

chambers. This process helps redistribute the weight and 

stabilize the boat, ensuring it remains level on the water. The 

overall workflow involves the battery charger keeping the 

battery charged, the battery powering the system, the Arduino 

Uno processing sensor data and controlling the water pump 
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driver, and the pump driver managing the left and right 

chamber pumps to maintain the boat’s stability. 

 

V. CONCLUSION 

 

This research initiative represents a significant 

breakthrough in the field of aquatic vehicle technology, 

focusing on the development of a self-stabilized intelligent 

dynamic control system that effectively addresses the 

limitations observed in traditional control methods. 

Conventional control systems frequently encounter challenges 

in maintaining stability and balance, particularly due to the 

unpredictable and often turbulent nature of aquatic 

environments. This unpredictability can lead to a decrease in 

operational effectiveness and safety, hindering the overall 

performance of aquatic vehicles. In response to these 

challenges, the proposed system incorporates a combination of 

advanced technological approaches, including a suite of 

sophisticated sensors, artificial intelligence-driven control 

algorithms, and the capability for real-time data processing. 

This cohesive integration empowers the system to adapt to 

varying environmental conditions dynamically, resulting in 

precise control mechanisms that significantly enhance the 

stability and manoeuvrability of the vehicle. 

 

At the heart of this innovative system lies the 

incorporation of AI-driven algorithms, which facilitate the 

processing of real-time data gathered from an array of 

advanced sensors. These algorithms are designed to make 

continuous, adaptive modifications to the vehicle’s control 

parameters, allowing for effective responses to environmental 

fluctuations and disturbances. The role of the ATmega328 

microcontroller is paramount in this operational framework, 

providing efficient handling of data and robust control 

capabilities. Its versatile range of peripheral functions enables 

effective integration with both sensors and actuators, thereby 

supporting the system's management of intricate control tasks 

and ensuring sustained high performance 

 

Beyond the enhancements in stability and control, 

this new system also significantly contributes to safety and 

operational efficiency. The implemented self-stabilization 

features help mitigate the risks associated with instability, 

thereby fostering a safer environment for both the vehicle and 

its operators. Furthermore, the improvements in 

maneuverability and overall performance translate into greater 

operational efficiency, making this system particularly 

valuable across a wide spectrum of applications. These 

applications include, but are not limited to, offshore energy 

exploration, environmental monitoring, and maritime 

transportation, where reliable performance is crucial. By 

addressing the fundamental limitations present in traditional 

systems, this research underscores the importance of 

integrating advanced technological solutions to achieve 

substantial gains in vehicle  performance and safety. 

 

The implications of this development are profound, 

marking a noteworthy advancement in aquatic vehicle 

technology. It presents a viable strategy for overcoming the 

inherent difficulties associated with maintaining stability and 

performance in ever-changing aquatic settings. This research 

not only lays the groundwork for future innovations but also 

hints at potential directions for the refinement of control 

algorithms, the adaptation of technologies to various types of 

vehicles, and the necessity for thorough real-world testing. 

The insights derived from this study serve as a robust 

foundation for ongoing progress in this field, emphasizing the 

transformative capability of combining advanced technologies 

to tackle complex operational challenges in aquatic 

environments. 
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