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Abstract – Unmanned Surface Vehicles (USVs) have witnessed significant advancements in recent years, 

revolutionizing various domains that require marine operations. This abstract presents a review of the 

developments in USVs, focusing on their applications, technological advancements, and associated 

benefits. USVs have emerged as invaluable tools for data collection studies, particularly in environmental 

monitoring and marine production policies. They offer a cost-effective and efficient means of gathering 

critical data, aiding decision-making processes in these fields. Additionally, USVs have proven 

instrumental in the surveillance of territorial waters, safeguarding offshore systems, and supporting oil 

and fuel activities in the Arctic regions. These capabilities have resulted in improved security, enhanced 

operational efficiency, and reduced risks for personnel involved in these operations. Technological 

advancements in USVs have played a pivotal role in their evolution. Enhanced autonomy, sensor 

integration, and communication systems have enabled USVs to operate autonomously or in collaboration 

with manned vessels, expanding their capabilities and versatility. Moreover, improvements in navigation 

systems, obstacle avoidance mechanisms, and power management have significantly enhanced the 

reliability and endurance of USVs, allowing them to undertake extended missions with minimal human 

intervention. In conclusion, the developments in unmanned surface vehicles have transformed the way 

marine operations are conducted. With their wide-ranging applications, technological advancements, and 

associated benefits, USVs have proven to be indispensable assets in various domains. As research and 

innovation continue to propel the field forward, USVs are poised to play an even more significant role in 

the future of marine operations, further improving efficiency, safety, and sustainability. 
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I. INTRODUCTION 

Unmanned Surface Vehicles (USVs) have 

undergone significant advancements, 

revolutionizing maritime operations in recent 

years. These developments have enabled USVs to 

excel in a wide range of applications. For instance, 

USVs are extensively used for environmental 

monitoring and marine research, allowing 

researchers to gather crucial data for studying 

ecosystems and evaluating the impact of human 

activities. Additionally, USVs have found 

applications in security and surveillance, providing 

an efficient and cost-effective means of patrolling 

territorial waters and protecting offshore 

installations. The advancements in USV 

technology have expanded their capabilities, 

making them indispensable tools in various 

maritime domains. 

The developments in USVs can be attributed to 

significant technological innovations. Autonomous 

navigation systems have greatly enhanced the 

ability of USVs to operate independently, 

efficiently navigating through complex 

environments and avoiding obstacles. Furthermore, 

advancements in sensor integration have improved 

the USVs’ ability to collect and analyze data in 

real-time, enabling them to detect and monitor 

environmental parameters, marine life, and 

potential threats. The integration of advanced 

communication systems has enhanced the 
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connectivity and coordination between USVs and 

remote operators, allowing for seamless control 

and information exchange. 

Despite the remarkable developments, challenges 

and limitations persist in the field of USVs. 

Regulatory frameworks governing the operation of 

unmanned systems in maritime environments are 

still evolving, necessitating the establishment of 

clear guidelines and standards. Cybersecurity 

concerns pose another challenge, as USVs are 

vulnerable to potential cyber-attacks that can 

compromise their operations and data integrity. 

Moreover, while USVs have demonstrated 

impressive capabilities, they face limitations in 

long-range operations, endurance, and robustness 

in extreme weather conditions. Addressing these 

challenges and pushing the boundaries of USV 

technology remains a key focus for researchers and 

engineers in order to unlock the full potential of 

these autonomous surface vehicles. 

The deployment of USVs offers numerous 

benefits to industries and organizations. By 

reducing personnel costs, USVs contribute to 

increased operational efficiency and economic 

viability. Furthermore, the use of USVs ensures 

personnel safety by minimizing human exposure to 

hazardous environments. USVs’ ability to cover 

wider areas and gather extensive data contributes 

to comprehensive monitoring and assessment, 

leading to better decision-making processes. 

Moreover, their eco-friendly operations minimize 

the ecological impact, making them a sustainable 

solution for marine activities. 

USVs have witnessed remarkable advancements, 

transforming the maritime industry. These 

autonomous vessels offer numerous applications, 

ranging from environmental monitoring and 

marine research to security and surveillance, 

offshore operations, and logistics. The 

development of USVs has revolutionized the way 

tasks are carried out at sea, offering greater 

efficiency, safety, and cost-effectiveness. 

Technological innovations have played a crucial 

role in the development of USVs. One key area of 

advancement is autonomous navigation systems. 

USVs are now equipped with sophisticated 

sensors, GPS, and mapping technology that enable 

them to navigate autonomously, avoiding obstacles 

and following predefined routes. This capability 

has increased their versatility and made them 

capable of operating in complex and dynamic 

maritime environments. 

Sensor integration is another significant 

development in USV technology. USVs now 

incorporate a wide array of sensors, including 

sonar, LiDAR, cameras, and environmental 

sensors, which enable them to collect vast amounts 

of data. This data can be used for environmental 

monitoring, marine resource management, and 

scientific research, providing valuable insights into 

ocean health, marine life, and ecosystem dynamics. 

Communication systems have also seen 

significant improvements in USVs. These vessels 

can now establish robust and reliable 

communication links, allowing them to interact 

with other USVs, manned vessels, and onshore 

operators. This seamless connectivity enhances 

their collaborative capabilities and facilitates real-

time data exchange, enabling remote monitoring 

and control. 

Energy efficiency has been a focus of 

development in USVs. Traditional propulsion 

systems have been replaced or supplemented with 

electric or hybrid systems, reducing fuel 

consumption and emissions. Furthermore, 

advancements in battery technology have extended 

the endurance of USVs, enabling them to operate 

for longer periods without human intervention. 

The use of advanced algorithms and artificial 

intelligence (AI) has greatly enhanced the decision-

making capabilities of USVs. Machine learning 

algorithms enable USVs to analyze data, detect 

patterns, and make informed decisions in real-time. 

This level of autonomy improves their ability to 

adapt to changing environmental conditions and 

carry out complex missions with minimal human 

intervention. 

Collaborative autonomy is an exciting 

development in USVs. By leveraging swarm 

robotics and distributed control systems, multiple 

USVs can work together to accomplish tasks that 

would be challenging or impossible for a single 

vessel. This collaborative approach increases 

efficiency and allows for simultaneous data 

collection or surveillance over a larger area. 

Miniaturization and advancements in sensor 

technology have led to the development of 

specialized USVs for specific applications. For 

example, USVs equipped with specialized sensors 

and equipment can be deployed for underwater 

surveying, pipeline inspection, or even assisting 
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with deep-sea exploration. These specialized USVs 

offer greater versatility and efficiency in 

completing specific tasks. 

Improved durability and robustness are important 

developments in USV technology. Modern USVs 

are designed to withstand harsh environmental 

conditions, such as rough seas and extreme 

temperatures. Their hulls and structures are made 

from materials that are resistant to corrosion, 

enabling them to operate effectively in demanding 

marine environments. 

The integration of advanced imaging and data 

processing technologies has revolutionized the 

capabilities of USVs in underwater mapping and 

surveying. Multibeam sonar systems, coupled with 

advanced imaging techniques, allow USVs to 

generate highly accurate 3D maps of the seafloor, 

aiding in applications such as hydrographic 

surveys, underwater infrastructure inspection, and 

underwater archaeological exploration. 

USVs have become valuable tools in maritime 

security and surveillance. Equipped with high-

resolution cameras, thermal imaging, and radar 

systems, they can monitor and detect suspicious 

activities, enforce maritime boundaries, and protect 

critical infrastructure. USVs can operate for 

extended periods, providing persistent surveillance 

capabilities in remote or challenging regions. 

The development of adaptive autonomy has 

enhanced the ability of USVs to operate in 

dynamic and unpredictable environments. These 

vessels can assess and adapt their missions based 

on changing conditions, allowing them to respond 

to emergencies, follow dynamic targets, or adjust 

their behavior to comply with regulations and 

environmental requirements. 

The integration of advanced obstacle detection 

and collision avoidance systems has improved the 

safety and reliability of USVs. These systems 

employ a combination of sensors, including radar, 

lidar, and cameras, to detect and avoid obstacles, 

ensuring safe navigation in crowded waterways or 

areas with high vessel traffic. 

Advancements in USVs have also contributed to 

the field of oceanographic research. These vessels 

can collect a wide range of oceanographic data, 

such as water temperature, salinity, currents, and 

dissolved oxygen levels. The ability to 

autonomously collect such data over extended 

periods and large areas allows scientists to gain a 

deeper understanding of oceanic processes and 

phenomena. 

USVs have found applications in offshore 

operations, particularly in the oil and gas industry. 

They can assist in monitoring offshore platforms, 

inspecting underwater infrastructure, and 

conducting environmental surveys. USVs equipped 

with specialized equipment, such as remotely 

operated vehicles (ROVs), can perform intricate 

tasks, reducing the need for human divers and 

minimizing risks. 

The advancements in USVs have led to increased 

cost-effectiveness in maritime operations. By 

eliminating the need for onboard human operators, 

USVs reduce labor costs and increase operational 

efficiency. Additionally, USVs can operate for 

extended periods, reducing the need for frequent 

crew changes and allowing for continuous data 

collection or surveillance. 

USVs have the potential to address 

environmental concerns in maritime activities. 

With their electric or hybrid propulsion systems, 

USVs emit fewer pollutants and reduce carbon 

footprints compared to traditional manned vessels. 

Their ability to collect environmental data aids in 

monitoring and mitigating the impacts of human 

activities on marine ecosystems. 

The integration of USVs with other autonomous 

systems, such as drones and underwater robots, 

opens up new possibilities for collaborative 

missions. These coordinated operations allow for 

seamless data collection and monitoring across 

multiple marine domains, offering comprehensive 

insights into the marine environment. 

USVs have been developed and utilized across 

various fields and for diverse purposes worldwide. 

Recent years have seen significant advancements 

in USVs for military, environmental, and robotic 

research applications [1]. Notably, Israel and the 

USA have made notable strides in developing 

USVs for military and defense purposes. 

Additionally, countries such as Canada, Sweden, 

Britain, Norway, and Italy have also made progress 

in this area. Türkiye has developed two USVs 

named GLOBİDA [2] and Levent [3] specifically 

for military and defense purposes. Furthermore, 

USVs have been developed for civil applications 

and training activities, as demonstrated by the 

works of [4], [5], and [6]. 

USVs have been designed to cater to various 

objectives within environmental research fields, 
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including environmental monitoring and sampling, 

coastal protection, and bathymetric research [7]. 

Yaakob et al. [8] utilized USVs capable of real-

time data collection and remote control for 

environmental monitoring studies. They employed 

these USVs in monitoring oil spills, conducting 

fisheries stock research, assessing environmental 

conditions of reefs, and gathering water quality 

data. Majohr and Buch [9] used USVs to verify the 

location information of devices conducting 

measurements and providing route guidance in 

shallow waters with depth and discharge 

considerations. Martins et al. [10] employed USVs 

for collecting oceanographic data. Naeem et al. 

[11] and Naeem et al. [12] utilized USVs for water 

pollution monitoring. Pascoal et al. [13] employed 

USVs alongside autonomous underwater vehicles 

to facilitate fast acoustic communication, collect 

marine data, and create bathymetric maps. Caccia 

et al. [14] employed USVs to collect samples from 

the microlayers of the sea surface, while [15] used 

USVs for water sample collection. Breivik [16] 

noted that Norway has actively employed USVs in 

numerous studies, highlighting their ability to 

significantly contribute to data collection in a short 

time compared to land-based methods and to assess 

water quality and pollution through map creation 

using USVs. Kale [17] provided an overview on 

USVs in environmental monitoring researches. 

Kale [18] emphasized on the potential of USVs for 

environmental monitoring studies. 

II. CONCLUSION 

The ongoing advancements in USV technology 

are paving the way for increased autonomy and 

intelligence. Future developments may involve 

further improvements in AI, machine learning, and 

advanced algorithms, enabling USVs to make more 

sophisticated decisions, adapt to complex 

scenarios, and learn from their experiences. 

The developments in USVs have brought about a 

paradigm shift in maritime operations, 

revolutionizing various domains and offering new 

possibilities. Through advancements in 

autonomous navigation, sensor integration, 

communication systems, energy efficiency, and 

artificial intelligence, USVs have become versatile 

and efficient tools in applications such as 

environmental monitoring, security and 

surveillance, offshore operations, and scientific 

research. 

The integration of advanced technologies has 

enabled USVs to operate autonomously, navigating 

complex environments, and avoiding obstacles. 

The incorporation of a wide array of sensors allows 

USVs to collect and analyze vast amounts of data, 

providing valuable insights into marine 

ecosystems, oceanographic processes, and potential 

threats. Enhanced communication systems have 

facilitated seamless connectivity between USVs, 

manned vessels, and onshore operators, enabling 

real-time data exchange and remote monitoring and 

control. 

Energy efficiency has been a key focus in USV 

development, resulting in the adoption of electric 

or hybrid propulsion systems and advancements in 

battery technology. This has extended the 

endurance of USVs, allowing for longer missions 

and reduced fuel consumption, ultimately 

contributing to environmental sustainability. 

The integration of artificial intelligence and 

machine learning algorithms has significantly 

enhanced the decision-making capabilities of 

USVs, enabling adaptive autonomy and 

collaborative operations. USVs can now work in 

coordination with other autonomous systems, such 

as drones and underwater robots, to achieve 

complex missions and comprehensive data 

collection. 

The developments in USVs have transformed 

maritime operations by offering increased 

efficiency, safety, and cost-effectiveness. These 

advancements have expanded the capabilities and 

applications of USVs in environmental monitoring, 

security, offshore operations, and scientific 

research. Continued research and development 

efforts hold great promise for further advancements 

in USV technology, unlocking their full potential 

and shaping the future of maritime operations. 
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