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ABSTRACT - Sensors and Artificial Intelligence Technologies for Situational Awareness of Autonomous Ships
critically examines the integration of sensor technologies and artificial intelligence (AI) technologies to increase the
situational awareness of autonomous ships. This article examines a range of sensor systems, including radar, lidar,
cameras and automatic navigation system (AIS), and evaluates their effectiveness in providing environmental
awareness to ship management. Additionally, the review also addresses the application of artificial intelligence
algorithms, such as machine learning, computer vision, and sensor fusion, to analyze and interpret sensor data to
support decision making in navigation, collision avoidance, and lateral operation. In addition, the integration of
sensor data through smart technology to increase the reliability and power of the ship's status management, thus
leading to safe and efficient maritime transportation. This review examines advances and challenges in technology
and artificial intelligence, providing insight into the changing landscape of pilot management at sea,

setting the stage for future efforts to improve the efficiency and independence of marine vessels across a variety of
operational areas. Its basis is based on research and development studies.

INTRODUCTION
The shipping industry is on the verge of a technological revolution with the emergence of autonomous ships.
Autonomous ships have the potential to revolutionize global trade and transportation, as well as increase
efficiency, safety and security. At the heart of this revolution is the integration of advanced technology and
artificial intelligence (AI) technology, enabling autonomous ships to understand, interpret and react to their
environment with unprecedented natural awareness.

In this review, we discuss the important role of sensor and artificial intelligence technology in improving
situational awareness in maritime management. Situational awareness is defined as the perception and
understanding of the environment and is essential for safe navigation at sea, avoiding accidents and good
decision making. Maritime operations have always relied on human operators to maintain situational awareness.
However, the transition to autonomous transportation requires the development of smart sensor packages and
artificial intelligence algorithms that can replicate or exceed human intelligence.

First, we examine the various sensors used in autonomous vehicles, from radar and lidar to cameras and acoustic
sensors. Each sensor type has unique advantages and limitations, leading to challenges in integration and data
fusion. Additionally, we examine the role of sensor fusion technology in integrating data from multiple sources
to provide a better understanding of the marine environment.

Next, we'll cover the application of Al technologies such as machine learning, computer vision, and natural
language processing to improve events. In particular, machine learning algorithms allow autonomous ships to
analyze large volumes of data, identify patterns and predict future events. Computer vision algorithms provide
the visualization, object detection, and spatial perception necessary to navigate the complex and dynamic ocean
environment. In addition, natural language processing facilitates communication between autonomous ships and
human operators, promoting coordination and decision-making.

In this review, we highlight the latest advances, emerging trends and ongoing challenges in sensor and imaging
technology for situational awareness and ship management. We also discuss the impact of these technologies on
regulatory processes, ethical considerations and the future prospects of the maritime industry. By combining
existing research results and industry developments, this review aims to understand the evolution of the
capabilities of sensors and artificial intelligence in shaping the future of transportation.
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ANALYSIS OF SENSORS AND AI TRCHNIQUES FOR SITUATIONAL AWARENESS IN
AUTONOMOUS SHIPS

The integration of electronic equipment and technology represents a revolutionary change in the development of
ship situational awareness and new reporting time management in sea voyages. The review highlights the
important role of advanced technologies such as radar, lidar, cameras and sonar, which enable autonomous ships
to understand and describe their environment in an unprecedented way. Additionally, advanced technologies
such as machine learning, computer vision, and natural language processing allow autonomous ships to analyze
large amounts of sensor data, determine the pattern, and determine how to fly. The combination of sensors and
artificial intelligence not only improves the safety and efficiency of offshore operations, but also reduces the
expectation of human intervention by enabling autonomous vessels to navigate poorly and poorly.

The analysis also shows a number of challenges that need to be addressed to realize the full potential of sensors
and intelligence in fleet management. These challenges include integrating disparate sensor data, ensuring the
reliability and performance of sensor systems in harsh ocean environments, and control systems that govern the
management of maritime operations. Additionally, the review highlights the importance of human resource
management and response capabilities in fleet management and emphasizes the need for further research and
development of human-machine interaction to improve collaboration and decision-making on autonomous
ships. Despite these challenges, the review concluded that electronic devices and artificial intelligence can
improve situational awareness for autonomous ships, leading to the pursuit of safer, more efficient and effective
maritime transportation.

SYSTEM DESCRIPTION

Autonomous ship systems consist of many interconnected systems that work in harmony to ensure safety and
efficiency. At its core is electrical power, the battery that powers the entire body. This power supports all
components, ensuring continuous operation in marine operations. Additionally, lidar systems play an important
role in measuring the environment. By emitting laser pulses and measuring their reflections, lidar can create a
three-dimensional image of the ship's surroundings. This information is essential for detecting problems,
preventing collisions, and correct navigation, allowing ships to navigate quickly and efficiently.

The brain of the autonomous boat system is the Arduino Uno microcontroller board. It serves as a central
processing unit responsible for integrating sensor data, running control algorithms, and coordinating other
components. With versatile programming capabilities and capable input and output interfaces, Arduino Uno
enables rapid decision-making and control, enabling autonomous ships to react quickly and survive
environmental change. The display module is added to the Arduino Uno and provides suggestions and status
information to the operator or user. Whether an LCD or OLED display, the screen can enhance the experience
by displaying important information such as sensor readings, navigation parameters and warning systems,
allowing the ship's operation to be monitored and controlled.

Security is important in managing outdoor activities and alarms play an important role in improving security.
The alarm system notifies the user of important events or malfunctions, such as interference detection, low
battery power, or errors, by providing an audible or visual alarm. This warning system ensures timely
intervention to dangerous or functional problems, reducing risk and proper functioning of the nervous system.
Finally, the propulsion system, consisting of an engine and an electric motor, enables the boat to move in the
water. The motor driver controls the speed and direction of the motor according to commands from the Arduino
Uno, allowing precise control of the boat's movement. These components come together to create an integrated
and powerful autonomous fleet system that can drive autonomously while maintaining safety, efficiency and
reliability.
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DESCRIPTION

Batteries:

Batteries work as the propulsion power of the boat and provide electricity everywhere. It is a rechargeable
battery that is generally selected based on its capacity, voltage and energy density to meet energy needs.
Depending on the size and range of needs of the autonomous ship, battery capacity varies from small lithium-
ion to large lead acid or lithium polymer battery packs.

Lidar (Light Detection and Ranging):

Lidar is a remote sensing device that measures the distance of emitted laser pulses and measures their
reflections. On autonomous ships, Lidar is used to provide a detailed 3D map of the ship's surroundings. It
provides distance measurement of objects, obstacle detection, collision avoidance and navigation planning. The
range, resolution and scanning capabilities of lidar systems will vary depending on the specific needs of the
autonomous ship's operation.

Arduino Uno:

Arduino Uno is a popular microcontroller board used to control various electronic devices and machines. In
autonomous ships, Arduino Uno acts as the central operating system responsible for receiving sensor data,
operating control systems, and sharing the work of other components. It is ideal for use in control systems by
offering a variety of digital and analog input/output pins for interfacing with sensors, actuators and
communication modules.

Display:

The display module provides visual feedback and status information to the user or operator of the ship's control
system. It can be LCD (Liquid Crystal Display), OLED (Organic Light Emitting Diode) or LED (Light Emitting
Diode) display. The screen shows real-time information such as sensor readings, navigation parameters, system
status and alarms. It increases situational awareness by allowing users to monitor ship management performance
and make informed decisions.

Alarms:

Alarm systems provide audible or visual alarms to indicate critical conditions or malfunctions in the ship's
control system. Detection issue can be caused by many situations such as low battery, malfunction or security
breach. Alerts improve safety by informing users of potential hazards or operational issues requiring attention,
ensuring timely intervention and mitigating potential danger.

Motor drives and motors:

Motor drives and motors form the robot's drive system. Autonomous boats enable them to move on water. The
motor driver controls the speed and direction of the motor based on commands from the Arduino Uno. It
converts electrical signals into mechanical motion to control the thrust and thrust of the ship. The engine
provides the necessary power to propel the boat forward or backward, allowing the boat to operate well by
providing precise and efficient control.

COMPARISION OF SENSORS AND AI TRCHNIQUES FOR SITUATIONAL AWARENESS IN
AUTONOMOUS SHIPS

Sensors/Al
Techniques Advantages Limitations
Radar - Reliable long-range detection - Difficulty in identifying smaller objects
- Effective in adverse weather
conditions
- High-resolution 3D mapping
Lidar capabilities - Limited effectiveness in extreme weather
- Precise object recognition and tracking conditions or low visibility
Cameras - Visual perception akin to human vision - Performance degradation in low-light or
- Rich contextual information for
navigation obstructed conditions (fog, rain)
- Effective for underwater object
Acoustic Sensors  detection - Limited range and directionality

- Complement other sensor modalities

Machine Learning - Analyzing vast datasets, discerning
Algorithms patterns - Interpretability of Al-driven decisions

- Predicting future events - Data privacy and cybersecurity concerns

Computer Vision
Algorithms - Object detection and classification - Performance degradation in challenging

- Scene understanding for navigation  visual conditions (fog, low-light)
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Sensors/Al
Techniques Advantages Limitations
Natural Language - Facilitating communication with
Processing human operators - Complexity in natural language understanding
CONCLUSION

In summary, this review of sensors and artificial intelligence technology for the control of ships provides insight
into their important role in shaping the future of shipping. By combining advanced technologies such as radar,
lidar, cameras and acoustic sensors with artificial intelligence technologies such as machine learning, computer
vision and natural word processing, capable ships can understand and interpret with an unprecedented, efficient
and responsive environment. This integration not only improves the safety and efficiency of offshore operations,
but also brings new opportunities to ships with the freedom to navigate difficult and inhospitable locations.
However, challenges such as sensor integration, reliability, control management, and human-machine
interaction still have significant issues to solve. The full potential of sensors and intelligence in transportation
needs to be realized. Despite these challenges, the development of sensor and artificial intelligence technology
onboard ships is expected to revolutionize the maritime industry and pave the way to become safer, more
efficient and more secure in the coming years.

REFERENCES

[1] V. Lehtola, J. Montewka, F. Goerlandt, R. Guinness, and M. Lensu, “Finding safe and efficient shipping routes in ice-covered waters:
A framework and a model,” Cold Regions Sci. Technol., vol. 165, Sep. 2019, Art. no. 102795.

[2] V. V. Lehtola, J. Montewka, and J. Salokannel, “Sea captains’ views on automated ship route optimization in ice-covered waters,” J.
Navigat., vol. 73, no. 2, pp. 364-383, Mar. 2020.

[3] C.C.Liang and W. H. Cheng, “The optimum control of thruster system for dynamically positioned vessels,” Ocean Eng., vol. 31, no.
1, pp. 97-110, Jan. 2004.

[4] R. Skjetne et al., “AMOS DP research cruise 2016: Academic full-scale testing of experimental dynamic positioning control
algorithms onboard R/V Gunnerus,” in Proc. ASME 36th Int. Conf. Ocean, Offshore Arctic Eng., vol. 1. Trondheim, Norway:
Offshore Technology, Jun. 2017, Art. no. VOO1T01A080, doi: 10.1115/OMAE2017-62045.

[5] C. Chen, A. Seff, A. Kornhauser, and J. Xiao, “DeepDriving: Learning affordance for direct perception in autonomous driving,” in
Proc. IEEE Int. Conf. Comput. Vis. (ICCV), Dec. 2015, pp. 2722-2730.

[6] V. Lehtola et al., “Comparison of the selected state-of-the-art 3D indoor scanning and point cloud generation methods,” Remote Sens.,
vol. 9, no. 8, p. 796, Aug. 2017.

[7] C. Toth and G. J6zkow, “Remote sensing platforms and sensors: A survey,” ISPRS J. Photogramm. Remote Sens., vol. 115, pp. 22—
36, May 2016.

[8] H. Hyyti, V. V. Lehtola, and A. Visala, “Forestry crane posture estimation with a two-dimensional laser scanner,” J. Field Robot., vol.
35, no. 7, pp. 1025-1049, Oct. 2018.

[9] International Maritime Organization. (2017). Resolution MSC.428(98) on Maritime Cyber Risk Management in Safety Management

Systems. Accessed: Jun. 12, 2020.

“Remote and autonomous ship—The next steps,” Rolls Royce PLC, Manchester, U.K., Tech. Rep., 2016.

] N. Fridman et al., “KINGFISHER: Total maritime awareness system,” in Proc. 16th Conf. Auto. Agents MultiAgent Syst. (AAMS),

2017, pp. 1784-1786.

[12] J. Varas et al., “MAXCMAS project: Autonomous COLREGs compliant ship navigation,” in Proc. 16th Conf. Comput. Appl. Inf.
Technol. Maritime Ind. (COMPIT), May 2017, pp. 454-464.

[13] H.-C. Burmeister, W. Bruhn, L. Walther, J. A. Moraus, and B. Sage-Fuller, “D8.6: Final report: Autonomous bridge,” Fraunhofer
Center Maritime Logistics Services, Hamburg, Germany, Tech. Rep. D8.6, 2016.

[14] E.F. Brekke et al., “The autosea project: Developing closed-loop target tracking and collision avoidance systems,” J. Phys., Conf. Ser.,

vol. 1357, Oct. 2019, Art. no. 012020.

“Maritime autonomous surface ships—UK code of practice,” Version 2, Maritime UK, Soc. Maritime Ind., London, U.K., Tech. Rep.,

Nov. 2018.

International Maritime Organization. (2017). Strategic Plan for the Organization for the Six-Year Period 2018 to 2023 (Resolution

A.1110(30)). Accessed: Jun. 12, 2020.

[17] “Report on maritime and inland waterways user needs and requirements,” Eur. Global Navigat. Satell. Syst. Agency, Prague, Czech

Republic, Tech. Rep. GSA-MKD-MAR-UREQ-229399, Jul. 2019.

“Autonomous ships,” Futurenautics, London, U.K., White Paper, Nov. 2016.

H. Ringbom and R. Veal, “Unmanned ships and the international regulatory framework,” J. Int. Maritime Law., vol. 23, no. 2, pp.

100-118.

[20] S. Thombre et al. (2019). What are the Challenges to Localization in Autonomous Cars in the Arctic? Accessed: Jun. 12, 2020.

C.Nagarajan and M.Madheswaran - ‘Experimental verification and stability state space analysis of CLL-T Series Parallel Resonant

Converter’ - Journal of ELECTRICAL ENGINEERING, Vol.63 (6), pp.365-372, Dec.2012.

C.Nagarajan and M.Madheswaran - ‘Performance Analysis of LCL-T Resonant Converter with Fuzzy/PID Using State Space

Analysis’- Springer, Electrical Engineering, Vol.93 (3), pp.167-178, September 2011.

C.Nagarajan and M.Madheswaran - ‘Stability Analysis of Series Parallel Resonant Converter with Fuzzy Logic Controller Using State

Space Techniques’- Taylor & Francis, Electric Power Components and Systems, Vol.39 (8), pp.780-793, May 2011.

C.Nagarajan and M.Madheswaran - ‘Experimental Study and steady state stability analysis of CLL-T Series Parallel Resonant

Converter with Fuzzy controller using State Space Analysis’- Iranian Journal of Electrical & Electronic Engineering, Vol.8 (3),

pp.259-267, September 2012.

Nagarajan C., Neelakrishnan G., Akila P., Fathima U., Sneha S. “Performance Analysis and Implementation of 89C51 Controller

Based Solar Tracking System with Boost Converter” Journal of VLSI Design Tools & Technology. 2022; 12(2): 34—41p.

[25] C. Nagarajan, G.Neelakrishnan, R. Janani, S.Maithili, G. Ramya “Investigation on Fault Analysis for Power Transformers Using
Adaptive Differential Relay” Asian Journal of Electrical Science, Vol.11 No.1, pp: 1-8, 2022.

——
—_ o

[15

[16

==
o

[21

[22

[23

[24

Volume 24 Issue 1 March 2024 1193 ISSN: 2319-63191



International Journal of New Innovations in Engineering and Technology

[26] G.Neelakrishnan, K.Anandhakumar, A.Prathap, S.Prakash “Performance Estimation of cascaded h-bridge MLI for HEV using
SVPWM?” Suraj Punj Journal for Multidisciplinary Research, 2021, Volume 11, Issue 4, pp:750-756

[27] G.Neelakrishnan, S.N.Pruthika, P.T.Shalini, S.Soniya, “Perfromance Investigation of T-Source Inverter fed with Solar Cell” Suraj
Punj Journal for Multidisciplinary Research, 2021, Volume 11, Issue 4, pp:744-749

[28] C.Nagarajan and M.Madheswaran, “Analysis and Simulation of LCL Series Resonant Full Bridge Converter Using PWM Technique
with Load Independent Operation” has been presented in ICTES’08, a IEEE / IET International Conference organized by
M.G R.University, Chennai.Vol.no.1, pp.190-195, Dec.2007

[29] M Suganthi, N Ramesh, “Treatment of water using natural zeolite as membrane filter”, Journal of Environmental Protection and
Ecology, Volume 23, Issue 2, pp: 520-530,2022

[30] M Suganthi, N Ramesh, CT Sivakumar, K Vidhya, “Physiochemical Analysis of Ground Water used for Domestic needs in the Area of
Perundurai in Erode District”, International Research Journal of Multidisciplinary Technovation, pp: 630-635, 2019

Volume 24 Issue 1 March 2024 1194 ISSN: 2319-63191



