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Abstract

With further exploration of the marine environment, there are still many areas that cannot be touched by humans.
An autonomous underwater robot (AUV) is a better tool to explore the ocean than human beings. Underwater
vehicles are important tools for marine resource exploration and exert important effects in civil and military fields.
Path planning is an important part of the field of underwater vehicle control.
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I. INTRODUCTION

Even with more research, many parts of the marine ecosystem remain inaccessible to humans. An autonomous
underwater vehicle (AUV) is a more useful instrument for ocean exploration than a human being. As of right now, AUVs
are crucial for a number of tasks, including underwater pipeline identification [10], military combat assistance [9], and
marine environment investigation [8-10]. AUVs need a strong path planning system in order to complete missions [11],
but they will find it challenging to execute underwater activities precisely in a complex marine environment. The
effectiveness with which the mission is carried out by the AUV and its safety will be greatly influenced by the quality of
the planned path. As science and technology advance, researchers are creating an increasing number of path-planning
algorithms. Examples of these include the RRT [15] algorithm, the A* [13] algorithm, the Dijkstra [12] algorithm, the
artificial potential field method [14], and other algorithms used in the AUV field.

Il. RELATED WORKS

This research proposes a workable rolling speed obstacle solution to address the issue of inadequate path planning and
the obstacle avoidance effect of autonomous underwater vehicles (AUVS) in a dynamic environment. This approach
builds a suitable three-dimensional model predictive controller based on the rolling window method under a hybrid
obstacle avoidance structure, combines the speed obstacle method with the rolling window method, and optimizes the
objective function to achieve stable tracking of the reference path. While the window is rolling, a three-dimensional
collision cone and speed obstacle cone model are built. The AUV is guided to safely avoid obstacles by tracking the
critical collision point if the collision avoidance condition is met. If collision avoidance is not successful, the AUV is
guided to regain its trajectory. The rolling speed obstacle approach outperforms the rolling window method and the speed
obstacle method by 40% and 30%, respectively, in avoiding dynamic impediments, according to the final simulation and
experimental results. This paper's methodology can significantly enhance AUVs' dynamic obstacle avoidance capabilities
during real-time path planning [1]. Underwater vehicles play a significant role in both the military and civil domains and
are valuable instruments for the discovery of marine resources. An essential component of the field of underwater vehicle
control is path planning [21-22]. In the subject of path planning, graph-searching-type algorithms, sampling-based
algorithms, and potential field-based algorithms are currently actively utilized. Nevertheless, conventional approaches
show limited flexibility in a dynamically unstructured setting. Machine learning techniques have been progressively
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introduced into the field of path planning with the rapid advancement of artificial intelligence. These methods have
demonstrated benefits in terms of adaptability to an unstructured environment. This article provided a detailed
introduction to the intelligent route planning technologies and their properties, with a focus on their use in underwater
vehicle path planning. Underwater vehicle technology for coverage path planning and collaboration was summed up. The
ultimate development path of underwater vehicles is envisaged with an eye toward addressing the issues with current
path planning [2]. Unmanned vehicles [20] have been more and more popular in the last few years, finding ever-greater
uses in the military, business, and air, ground, and marine research sectors. Specifically, autonomous obstacle avoidance
and adhering to the Rules of the Road when navigating in the presence of other marine traffic are two of the hurdles that
unmanned marine vehicles present in their quest for more autonomy. A series of goals for enhancing autonomy are
outlined in the USV Master Plan, which was created for the US Navy with the intention of increasing mission diversity
and decreasing supervisory involvement. This paper discusses the particular research needs that have been identified
from noteworthy studies completed thus far, namely in the areas of navigation, guidance, control, and motion planning.
To stop marine mishaps that are blamed on human error, obstacle avoidance methods incorporate the International
Regulations for Avoiding Collisions at Sea. Since they open the door to the establishment of laws governing unmanned
vessels, the inclusion of these crucial safety features may be essential to future increases in demand for USVs [3]. A
basic and difficult challenge in robotics is mobile robot path planning in an unknown environment [23-24]. Dynamic
window approach (DWA) is a good way to plan paths locally; however, it is highly dependent on the global reference
and prone to failure in an unfamiliar environment because some of its evaluation functions are not good enough and there
is no algorithm to determine the weights of these functions. This paper proposes an enhanced DWA based on Q-learning.
In order to improve global navigation performance, two new evaluation functions are added to the original set of
evaluation functions. Next, we define the state space, action space, and reward function of the chosen Q-learning
algorithm for robot motion planning, taking into account the trade-off between efficiency and speed. Next, using Q-
learning to adaptively learn the characteristics of the suggested DWA, a trained agent is produced that can adjust to the
unidentified environment. Finally, the suggested strategy demonstrates a superior navigation efficiency and success rate
in a complicated, unfamiliar environment, based on a series of comparative simulations. To confirm the suggested
method's capacity to navigate in both static and dynamic surroundings, experiments utilizing the XQ-4 Pro robot are also
conducted to validate it [4]. An affordable and secure instrument that works well for search, investigation, identification,
and salvage activities on the sea floor is an autonomous underwater vehicle (AUV). For AUVSs, path planning technology
is crucial. It consists mainly of modeling techniques and path search algorithms. The technology for AUV path planning
has advanced quickly in the last few years. When it comes to complex underwater habitats, AUVs have to contend with
different aspects like topography, water pressure, and currents, unlike terrestrial robots. There are difficulties with online
obstacle avoidance, path planning in three-dimensional environments, and algorithm resilience. The two key issues that
need to be resolved are figuring out an appropriate path-planning strategy and adapting to a complicated environment. In
this work, we provide an overview of the fundamentals, benefits, and drawbacks of AUV modeling and path-search
technology. This paper's main contribution is a summary of techniques for fixing different technological flaws and
enhancing the initial approaches, including dynamic obstacle avoidance, optimization paths, coverage, and processing
speeds. This study not only summarizes the features of each method but also shows, in an easy-to-understand manner, the
experimental setup, the real-time aspect, the AUV's path planning range, and so on. We also go over the various
modeling and path search technologies' application scenarios for autonomous underwater vehicles. Furthermore, we talk
about the difficulties posed by AUVs and the future research [5]. A multi-objective ant colony algorithm for underwater
robot route planning in marine environments is developed, which aims to address the drawbacks of conventional path
planning with a single path length. The objectives of comprehensive planning include safe navigation, energy
consumption, and route length. A pheromone classification system and an enhanced pheromone update mechanism are
implemented, taking into account varying target performance rankings. In order to determine the best course of action
under various navigation targets and enhance the comprehensiveness of the solution, the three targets are optimized
simultaneously, and the Pareto solution set concept is presented. The enhanced algorithm's viability and efficacy are
confirmed by the simulation findings [6]. The goal of this research is to examine the issue of AUV route planning in
maritime environments. The primary element influencing the navigation energy consumption of AUVs should not be
disregarded, along with path length and safe obstacle avoidance. These are all important considerations. In addition, the
way must meet AUV's mobility limitation; if it does not, AUV cannot use the path. This research offers an upgraded
particle swarm (EPA-PSO) path planning algorithm for the aforementioned challenges; the fitness function is built
considering path length, energy consumption, and mobility constraints. The potential optimal solutions are kept in the
viable solution set, the updated particle velocity law and the particle initialization rule are refined, and ultimately, the
ideal solutions are found through comparison. To enable the particles to leap out of the local optimal solution, the particle
swarm is endowed with the capacity to jump locally. There is a comparison between the conventional PSO algorithm and
the path-planning simulation experiment. The outcomes demonstrate that the AUV three-dimensional path planning
procedure can make use of the EPA-PSO algorithm that is suggested in this paper. It may efficiently conserve energy and
ensure that the AUV's navigation path satisfies maneuverability standards. The field experiment was finished in
Shanghai, China, and it demonstrated that for the issues covered in this study, it was possible to find a path that would
satisfy the maneuverability constraints while consuming the least amount of energy [7].
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I11. CONSEQUENCES OF SELF-DRIVING UNDERSEA VEHICLES

1.

Stability:

Autonomous underwater vehicles possess exceptional stability and agility due to its design. AUVs have a
propulsion system made up of one or two thrusters, similar to torpedoes. Additionally, control surfaces are
present, which regulate how the vehicle moves. Its structure includes a pressure haul that holds the power
electronics and a streamlined fairing that lowers hydrodynamic drag.

Low Deployment Cost:

A large and intricate support system is not required for autonomous underwater vehicles. They don't require
outside power because they have their own energy source. The operating expense of hiring a human operator is
also decreased by the lack of external control.

Improved Data Quality:
In contrast to other unmanned vehicles, like ROVs, AUVs operate without operator control. As a result, it
becomes speedier and has a higher data-to-signal ratio. Surveys become quicker and more accurate as a result.

Excellent Navigation Algorithms:

Prior to starting any mission, instructions are programmed into AUVs. The vehicle is configured with methods
for operating payload devices, steps to avoid impediments, and specified geographical positions to follow. It
also has navigation needs for following these positions. This guarantees a quick and easy process. It navigates
tough terrain underwater by using its sensors as well. Apart from their superior navigation capabilities, AUVs
can be configured with actions to take in case of equipment malfunction.

Because of all these advantages, many people now consider the use of autonomous underwater vehicles to
be a safe alternative. Maps of the seafloor are created using it by the oil and gas sector. It is also used by the
military for identification and inspection. In many countries, this has improved security and trade. The structure
of AUVs can only get better due to the ongoing technological advancements, despite the obstacles that come
with it [25].

CoNcLUSION

Numerous works on autonomous underwater vehicles as well as unmanned vehicles have been evaluated in this
publication. We've seen the many techniques and strategies employed by the author to address course planning and
precise techniques for avoiding hazards in the ocean.
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