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ABSTRACT

Sensors are essential components in the maritime industry for data
collection. Equipped with various instruments, sensors serve various
purposes: safer navigation, efficient operations, environmental
protection, and improved situational awareness in the maritime
industry. Sensor technology in the maritime industry is rapidly
advancing, enhancing safety, efficiency, and sustainability through
real-time data collection and analysis. Collecting high-quality ship
data with reliable sensors can open up new ways to optimize the
lifecycle and efficiency of ships. In this paper, we will explore sensor
technology and its applications in the maritime industry.
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INTRODUCTION

The maritime industry places the highest demands on
safety, precision, and reliability, especially in
environments with potentially explosive atmospheres.
Several aspects of industry are changing due to the
Internet of things (IoT), location detection
technologies, and advanced human—machine
interfaces. To enact industrial affairs under those
specifications, a sensor is required to transform
physical events into numerical information. One of
the most advanced and well-developed technologies
nowadays is sensor technology, replacing many of the
manual tasks, like examining equipment aboard ships
[1]. Sensor technology enhances safety, efficiency,
and reliability in maritime operations.

CONCEPT OF SENSOR TECHNOLOGY

One of the most important developments in intelligent
systems is the ability to collect data. In the marine
industry, loT-enabled smart sensors are
revolutionizing real-time monitoring. Installed across
ships, ports, and cargo systems, these sensors gather
vital data on engine performance, fuel usage, sea
conditions, structural integrity, and even crew
activity. Sensors can link to remote facilities and
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analyze data, sending out alerts if any of the ship’s
components need maintenance. These sensors
monitor various parameters, enabling predictive
maintenance, improved navigation, and optimized
operations. The use of sensors provides an excellent
opportunity to improve the efficiency and safety of
ships and related equipment. Wireless sensor
technology and the development of a new generation
of micro- and nanomechanical sensors will be on the
cusp of revolutionary changes in environmental
monitoring and data collection. Figure 1 shows a
typical sensor, an image sensor [2], while Figure 2
shows a representation of sensor technology in the
maritime industry [3].

In order to make timely and effective decisions in a
constantly evolving environment, companies in this
sector must have complete and accurate real-time
information at their disposal. Using the principle of
the Internet of things (IoT), sensors transmit the
information gathered in real-time to land-based
offices through various communication technologies
such as cellular networks, satellite communication
services, or radio-frequency communication.
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TYPES OF SENSORS

Not all sensors are built the same way. Different
sensors come in different packages. Understanding
different sensors is crucial for selecting the most
suitable sensor for a given application. Sensors used
in the maritime industry include vibration sensors,
temperature sensors, pressure sensors, flow sensors,
speed and acceleration sensors, positioning sensors,
gas detection sensors, humidity and environmental
sensors, optical sensors, and gyroscopic sensors.
These sensors used for the following purposes [4]:

» Navigation Sensors: Accurate navigation is
important for safety at sea. Sensors such as GPS
receivers, gyroscopes, and accelerometers provide
precise measurements of position, course, and
speed. They help ships follow their route, avoid
collisions, and optimize fuel consumption.

» Sensors  for  Environmental — Monitoring:
Monitoring environmental parameters such as
water quality, temperature, pressure, and pollution
levels is indispensable for sustainable maritime
practices. Sensors for detecting pollutants, pH,
salinity and oxygen content contribute to the
protection of marine ecosystems and compliance
with environmental legislation. The effective and
ongoing monitoring of the environment is crucial
for gathering knowledge and making informed
decisions regarding prevention and mitigation
measures. Figure 3 shows marine environmental
monitoring [5].

» Sensors for Cargo Monitoring: The harsh
conditions at sea can degrade the ship's structure
over time. Strain gauges, accelerometers, and
vibration sensors enable real-time monitoring of
structural integrity. They identify potential
problems early, helping to prevent major damage
or failure and ensure the safety of crew and cargo.
Controlling cargo conditions is critical when
transporting perishable or sensitive goods.
Temperature, humidity, and pressure sensors help
to ensure ideal cargo conditions throughout
transportation, ensuring the quality and integrity
of goods.

» Sensors for Maintenance: Predictive maintenance
is essential to prevent downtime and reduce
operational costs. Sensors that track engine
performance, equipment temperature and fluid
levels enable predictive maintenance strategies
that ensure optimal performance and minimize
unexpected failures. By monitoring equipment
health through sensors, potential issues can be
identified and addressed before they escalate into
major failures, minimizing downtime and
maintenance costs.

APPLICATIONS OF
TECHNOLOGY
Satellite data, sensors, and data analysis can provide
valuable insights into the marine environment, which
can be used to improve marine environmental
monitoring, weather forecasting, maritime safety and
security enhancement, environmental risk
management, and marine policy decision-making.
Common areas of application of sensor technology in
maritime industry include the following [1,5-7]:

SENSOR MARITIME

» Shipping: Shipping is responsible for 11 billion
tons of annually delivered goods. It is constantly
becoming the main field of automation and
digitalization. All over the world, vessels are
being equipped with the latest technologies,
sensors, and software solutions. Several ship
management technologies directed at enhancing
the effectiveness and safety of ships have been
developed. A robust wireless networking
architecture for the shipping industry will require
sensors with a number of characteristics: self-
calibration, fault tolerance, high transmission
capabilities, wireless capabilities,
environmentally friendly materials for easy
disposal,  robustness, ultra-low  energy
consumption, miniaturized, ability to provide
active behavior, and ability to work on network
modules. Seafaring ships use virtually all
instrumentation types found in industrial
applications, including  flow,  pressure,
temperature, vacuum, vibration, level, and
position sensors. Figure 4 shows a ship with
sensor arrangements [8].

» Internet of Ships: Internet of ships (IoS) is anovel
application domain of IoT that refers to the
network of smart interconnected maritime objects,
which can be any physical device or infrastructure
associated with a ship, a port, or the transportation
itself, with the goal of significantly boosting the
shipping industry towards improved safety,
efficiency, and environmental sustainability. It is
a novel ecosystem, which incorporates all IoT
based emerging technological trends that are
adapted for sea transportation. It may also be
regarded as the interconnecting of sensing objects
like ships, crews, cargoes, on-board equipment,
waterway environment, waterway facilities,
shore-based facilities, and other navigation
elements, which are embedded with a variety of
sensor and heterogeneous network technologies to
enable these objects to collect and exchange data.
IoS enables the monitoring of vessels and on-
board equipment in real-time. IoS at sea can be
separated into systems related to navigation,
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automation, and safety according to the use case
scenario considered. Figure 5 shows the
relationship between IoT and IoS [9].

Ports: Unlike car traffic, there is almost no traffic
on the sea. However, in the ports of the world, the
situation is different. Many rely on remote control
here. Al algorithms analyze multiple factors such
as vessel size, cargo type, handling equipment
availability, and tidal conditions to optimize berth
assignments. These systems can adapt in real time
to changes in vessel arrivals or port conditions,
maximizing berth utilization. Figure 6 shows a
typical port [10].

» Remote Sensing: Sensors perfectly replace

humans to get remote sensing data, for example
from offshore installations, areas that are not
easily reachable, or even in deep seas. It will no
longer be necessary to repeatedly visit remote
locations in order to upload data or collect
samples for analysis, as data will be collected
autonomously by the deployment of a network of
remote sensors capable of communication and
data transmission in real time. Satellite-based
applications  collectively enhance safety,
efficiency, and sustainability within the maritime
industry. In addition to private companies,
governments, NGOs, and other international
organizations rely on satellite remote sensing
capabilities to comprehend and forecast changes
in the earth’s environment. Figure 7 shows a
satellite system for remote sensing [5]. Satellite
observations allow for continuous monitoring of
marine ecosystem health, aiding in the
conservation and sustainable management of
marine resources, tracking of changes, and
identification of threats to marine life.

Corrosion Monitoring: Corrosion is caused by
long-term chemical and electrochemical reactions
due to the harsh marine environment. Marine
structures with a long-term operating life, such as
a ship, offshore facility, submarine pipeline, wind
turbine, etc., are vulnerable to this common type
of damage. It may lead to failures of mechanical
systems and thereby reduce their safety level and
structural integrity. Therefore, continuous
corrosion control and monitoring of marine
structures are essential for ensuring their safe
operation. Corrosion monitoring techniques can
be divided into two major categories: offline
monitoring and online monitoring. Offline
monitoring measures the corrosion status within a
specific time interval, while online measurement
involves continuous real-time monitoring of the
corrosion status of marine structures.

» Marine Electronics: The marine industry is
witnessing a significant transformation with the
integration of advanced sensors in marine
electronics. These sensors are revolutionizing the
way marine vessels operate, making them more
efficient, safe, and environmentally friendly.

» Maritime Transportation: This is one of the
oldest industries in the world, accounting for
roughly 90% of global trade. Maritime
transportation companies should ensure that they
(not their service providers) own the collected
data for intellectual property purposes, so that the
service provider cannot unilaterally use the data.

» Coast Guard: Traditionally, Coast Guard
operations have relied heavily on the eyes and
ears of our people—Ilookouts scanning the
horizon, crews watching radar, and operators
passing along what they see. Today, Coast Guard
is witnessing a rapid increase in our ability to
gather raw data across vast swaths of ocean. They
are using more sensors in more places than ever
before—on the water, in the air, ashore, and even
in orbit.

BENEFITS

Within the maritime industry, the integration of
advanced sensor technology has dramatically changed
the industry, safety and efficiency. The sensors and
the data they generate will have huge potential in the
commercial shipping sector. Collecting high-quality
ship data with reliable and reliable sensors will open
up new ways to optimize the lifecycle of ships. Other
benefits include [11,12]:

» Automation: The maritime industry is constantly
evolving into one of the main fields of
digitalization and automation. Digitalization and
automation facilitate better communication
between smart vessels and shore-based power
systems, a key requirement for the future of
shipping. Sensor technology is crucial for the
development of autonomous ships and unmanned
underwater vehicles, requiring advanced sensing
and perception capabilities. Autonomous vessels
are becoming a reality, while Al systems optimize
logistics and safety protocols, making maritime
operations faster and more sustainable. These
ships utilize a complex network of sensors,
cameras, radar systems, and Al-driven decision-
making processes to navigate without or with
minimal human intervention.

» Cost Reduction: Our sensors and measurement
systems help you save costs during maintenance
and operation and can be part of your automation
and digitalization planning.
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» Reliability: Tt goes without saying that any
component put into service in a marine
application needs to perform as expected, as even
seemingly simple repairs or replacement can
prove to be quite harrowing at sea. We must
select sensors with published performance,
repeatability, accuracy, and response values, and
with proven efficacy in extreme conditions.

» Enhanced Safety: Advanced sensors are being
used to enhance safety on marine vessels. Sensors
play a crucial role in collision avoidance,
providing real-time data for navigation and
obstacle detection, especially in challenging
conditions. They also monitor critical systems
like engine performance and environmental
conditions, triggering alerts for potential hazards.

» Improved Efficiency: Sensors are being used to
improve efficiency on marine vessels. The use of
sensors will provide an excellent opportunity to
improve the efficiency and safety of ships and
related equipment. Sensors optimize various
aspects of ship operations, including fuel
consumption, speed, and cargo handling. By
analyzing data, ship operators can make informed
decisions to improve efficiency and reduce
operational costs.

» Predictive Maintenance: Sensors are being used
to enable predictive maintenance and condition-
based maintenance. By analyzing data from
sensors, maintenance personnel can identify
potential issues before they become major
problems, reducing downtime and improving
overall efficiency. Analyzing sensor data with Al
algorithms will enable more sophisticated
predictive  maintenance, and autonomous
navigation. Machine learning models analyze
sensor data from smart containers to predict
maintenance needs and prevent cargo damage.

CHALLENGES

While sensors offer many benefits, there are also
challenges and opportunities to be considered when
adopting these technologies. When integrating a ship
into a digital environment, there are not many
problems with the digital signal, most of the problems
are related to analog sensors, temperature, flow
meters, rpm, and tank levels. Operators face the dual
challenge of reducing fuel consumption and limiting
their vessels’ emissions, amidst rising costs and
evolving regulations. Other challenges include [13]:

» Safety: Ensuring the safety of both crew and
cargo is paramount, yet traditional methods often
fall short in predicting and mitigating risks
effectively. Machinery safety must be evaluated

from a sustainability point of view to either avoid
loss in fuel consumption or environmental
pollution.

» Fleet Visibility: A lack of real-time data often
leaves personnel on shore disconnected from
those on the vessels, prohibiting them from
making timely, informed decisions that affect
fleet operations. With access to real-time, full-
fleet visibility, shore-based teams can leverage
the data needed to optimize operations, improve
decisions, and enhance overall efficiency.

» Sustainability: The maritime industry is under
pressure to adapt and evolve towards more
sustainable practices, a journey with both
challenges and entities resistant to change.
Embracing new technologies represents a
commitment to a sustainable future where
operational efficiency and environmental
responsibility go hand in hand, propelling the
industry towards its zero emission goal. Sensors
contribute to reducing environmental impact by
monitoring ~ emissions,  optimizing  fuel
consumption, and enabling more efficient waste
management systems.

» Cybersecurity: Maritime cybersecurity is
problematic with ocean transits exposing systems
to unknown networks, across international lines
and often with outdated legacy hardware onboard.
The use of advanced sensors and IoT technology
raises concerns about data security and integrity.
Cybersecurity applied in sensor technology must
primarily address the cyber safety of the IT
infrastructure, A potential cyberattack on a sensor
network can disrupt the operation of systems, and
equipment and cause great damage to the
shipping company and all related stakeholders.
companies should evaluate cybersecurity
vulnerabilities and perform due diligence on
service providers that provide sensors and
automation programs.

CONCLUSION

Sensors are evolving fast and they are becoming
smaller, lighter, and more powerful. They enable
persistent, flexible coverage of key maritime regions
without adding strain to human operators. The latest
advancements in sensor technology have been driven
by the need for more accurate, reliable, and efficient
data collection and analysis. Gradually, we will move
to the use of sensors with characteristics that will
remain stable over time, even in spite of possible
external disturbances. This approach leads to a more
integrated, efficient, and future-focused maritime
operation. More information about sensor technology
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Figure 1 A typical sensor (an image sensor) [2].
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Figure 2 A representation of sensor technology in the maritime industry [3].

Figure 3 Marine environmental monitoring [5].
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Figure 4 A ship with sensor arrangements [8].
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Figure 5 The relationship between IoT and IoS [9].
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Figure 7 A satellite system for remote sensing [5].
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