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Abstract

The maritime industry is undergoing a fundamental change through the integration of digital technologies
with existing machinery, increased inter-connectivity of equipment, and robust communications for sea-
going vessels. These technology enablers in conjunction with developments in the fields of machine
learning and machine vision, advanced sensing and sensor fusion, and autonomy engines, allow for
increased autonomy of ship systems and operations. Some of the factors driving this change are a demand
for sustainable solutions, reduced emissions, alternative fuels, safety of seafarers, and more efficient supply-
chains. As these ship systems become smarter, they will have a significant impact on the entire performance
of the value-chain across maritime sectors.

This paper is intended to be an introduction to autonomy and the impact of these technologies in the context
of Dynamic Positioning operations. It begins with a discussion of the technology enablers that will drive
both the digitalization of the maritime industry and allow for autonomous operations. We present cases to
highlight the varying degrees of autonomy and the distinctions between autonomous and unmanned
operations, while keeping in mind that there is a shore-side aspect that is integral to the success of these
operations. Vessels, and the operations that they perform, are not isolated from the larger context that they
exist in and so we will discuss Shore Control Centers, their role in autonomy, and the safe and robust
communication link between the vessel and the shore control center which acts as the backbone.
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1 Introduction

Autonomy is a system’s ability to sense its surroundings and act according to mission parameters in order
to accomplish goals without intervention. Autonomous control systems must perform well under significant
uncertainties in the environment for extended periods of time and they must be able to compensate for
system failures without external intervention (Antsaklis, 1991). Autonomy, in itself, is not an end state;
autonomy is an enabler for new types of operations that can be performed in safer, more efficient, and
environmentally sound ways. Autonomy is not a binary concept and can be broken into various levels
depending on the extent of decision-making capabilities of any given system. Additionally, in complex
settings as seen on vessels, each of the sub-systems can be further categorized into distinct levels of
autonomy.

ALO Al action and decision-making
No autonomous function Human controls all actions
Manual performed manually
All actions faken by human . N
AL1 On-board Decision Support Operator, but decision support e
tool can present options. )
Al actions taken by human )
On & Off-board Decision Support. Operator, but decision support Data may be provided by
tool can present options. systems on or off-board.
At - Decisions and actions with Data may be provided by
‘Active' Human in the loop. m——— oy o 0 OfF .

Human on the loop,
Operator/Supervisory.

Fully autonomous.

Fully autonomous.

Decisions and actions are
performed autonomously with
human supervision.

Rarely supervised operation.

Unsupervised operation.

At high impact decisions human
Operators can still intercede and
over-ride.

Decisions are entirely made and
actioned by the system.

Decisions entirely made and
actioned by the system during
mission.

Figure 1: Autonomy Levels(AL) as defined by Lloyds Register (HSBA, 2018)

Over the course of the technological developments in the field, several definitions have been proposed for
autonomy as a concept. This paper does not aim to redefine the nomenclature of autonomy, but rather we
will use a combination of definitions put forth by Lloyds Register (Lloyds Register, 2017) and as published
by Hamburg School of Business Administration in the context of Dynamic Positioning(DP) operations (see
Figure 1).
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Current DP systems have evolved over the course of several decades and have undergone a change in
autonomy level. Today, DP systems can function at a variety of autonomy levels depending on the operation
at hand. Auto-position mode enables a fully autonomous station-keeping sub-system (AL3 or above),
combining it with other systems like Riser Management can enable decision support tools (AL1 or AL2)
like electronic Well-Specific Operating Guidelines(eWSOG) and dynamic watch-circles, or it can be
operated with a manual joystick (ALO). These operation modes are determined by a combination of factors
including human operators, regulatory regimes and operational status. Additionally, the DP system also
interfaces with other sub-systems like propulsion and power management, which themselves can be
operated with varying levels of autonomy. The overall autonomy of the system depends on the level of
autonomy accomplished by each of the sub-systems.
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(Remote Services) DP

2. “Smart” DP Product —-b
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Figure 2: DP System evolution

For instance, a vessel may have a high level of autonomy for its station keeping abilities via the DP system
(AL3 or above). However, if the power management system is manually controlled, then the overall system
autonomy level will be constrained by its inability to bring the necessary amount of power online. When
demand from the DP system increases, the system will not be able to respond via additional capacity on the
power-plant.

1.1 Autonomy vs Automation

The maritime industry has had automated systems for several decades. Automated systems are
characterized by having well-defined functions with a pre-programmed link between sensor input and
system output. These systems are programmed to operate in structured, often repetitive settings, where
actions and reactions are predetermined and designed by an operator ahead of time. As a result, while the
task is performed predominantly without any human intervention, when faced with abnormal conditions,
the system is either incapable of reacting or has limited response capabilities. This is the distinction between
automation and autonomy, where the latter has the capability to handle unforeseen situations by
implementing problem solving operations without the need for human intervention in real-time. An
autonomous system has a decision-making ability which can handle abnormal conditions
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It is important to note that automation is a prerequisite and a subset of autonomy. Autonomous operations
require certain processes to be regulated without supervision and these processes can be automated for
normal operations. When these processes fall outside of their pre-determined operational specifications,
they are escalated to the autonomy engine which has the capability to adjust operational parameters of the
automation system. Thus, the autonomy engine acts as an external input and decision maker to correct for
abnormal conditions.

1.2 Autonomous vs Unmanned Operations

A common misconception surrounding autonomy is that these systems are unmanned. Although unmanned
systems may be fully autonomous (ALS6), it is not necessary that an autonomous system is unmanned. In
order to determine whether an asset or a piece of equipment is unmanned, one needs to consider its level of
autonomous capability. As noted earlier, the overall autonomy of a system is dependent on the individual
autonomy levels of its subsystems. On complex installations, it may not be possible for every sub-system
to function autonomously due to safety, regulatory or other concerns. In these situations, a combination of
capabilities for decision support or manual override can augment the autonomous functions.

. Unmanned bridge - Unmanned bridge -
Manned bridge
crew on board no crew on board
. . Direct control
Decision support Remote control Remote control
No autonomy

Automatic Automatic bridge Automatic ship Automatic ship

Constrained
autonomous

- Constrained autonomous Constrained autonomous

Fully Fully
autonomous autonomous

Figure 3: Autonomy levels vs Manning (NFAS, 2017)

The International Maritime Organization’s (IMO) Maritime Safety Committee (MSC) has combined these
differences between automation and autonomy with the manning aspect, to assess relevance of IMO
instruments as applied to Maritime Autonomous Surface Ship (MASS). They define four degrees of
autonomy that include both levels of automation and manning (IMO, 2018, December).
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2 Maritime Digitalization Enablers

The term “Digitalization”, as opposed to “Digitization”, refers to the restructuring of business processes
and models in order to create value by leveraging digital technologies. Digitization is the process of moving
information from analog sources to those that are digital and capturing this data in machine readable formats
— it is a precursor to digitalization. In the context of the maritime industry, we have already seen substantial
progress in the digitization. The move from paper charts to Electronic Chart Display and Information
Systems (ECDIS) is a form of digitization. Digitalization is the next step in this process — for instance,
combining weather and route-planning overlays with the ECDIS to make data-driven decisions that can
optimize fuel consumption.

2.1 Connectivity

The connected vessel is a reality in the current offshore environment. Improvements in communication
technologies are increasingly allowing for faster and more reliable connectivity for vessels globally. Even
remote locations, that may require complicated logistics and complex supply chains for transfer of
equipment and personnel, are easily accessible through digital channels. This connectivity has already
boosted remote monitoring and support functions, and with further improvements to latency and bandwidth,
will expand capabilities to allow remote control.
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Figure 4: Maritime VSATSs in operation (DNV-GL, 2015)

In the context of autonomy, connectivity plays a key role with regard to unmanned or partially unmanned
vessels. As onboard manning levels on vessels decreases, functions for operational oversight, maintenance
and even emergency override will increasingly move to shore-side control centers. In the following
sections, we will discuss the important role of Shore Control Centers (SCC).

Connectivity is also one of the key risk areas for autonomous vessels. Although the number of vessels being
connected is on the rise, the bandwidth and latency of these connections remains unreliable or cost-
prohibitive. Having a vessel connected also brings with it the risk of cybersecurity exploits. This, in addition
to other hacking methods like signal jamming and GPS spoofing can expose autonomous vessels to a high
degree of risk, especially if there are no mitigation controls in place (Yang Liu, 2018).
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2.2 Smart Equipment and Data

In recent years, traditional assets — such as engines, pumps or thrusters — have been augmented with
capabilities that make them interconnected devices that generate and relay data. These smart systems can
operate autonomously to a greater extent. They can monitor and regulate their own processes and are
capable of reporting abnormal conditions to supervisory systems with human operators. Smart data has thus
enabled processes surrounding these machines to move from being preventative or reactive, to being
condition-based, proactive and, in some cases, even predictive.

The advent of smart sensors enables low-level decision-making capabilities to a variety of control systems.
Smart sensors today not only deliver the process values, but can also report calibration data, maintenance
statistics and errors. Through digital technologies, this metadata can be taken advantage of in order to
improve operational safety, efficiency and add value to the overall process.

Large sets of data can be used by analytics and machine learning algorithms to forecast failures and
calculate remaining useful life. These analyses can be done across equipment and across entire systems or
fleets. Benchmarking various operational parameters can then be used to improve operating procedures and
guidelines for specific conditions. Additionally, access to data and visualizations augments the level of
autonomy that an operation can safely handle. This can free up resources for higher priority tasks, avoid
fatigue related to repetition, and lead to knowledge embedded operations that can be performed safely.

2.3 Control Systems

The maritime industry has automated multiple sub-systems and processes for several decades now. These
control systems have matured over the course of time and are now capable of having additional levels of
autonomy. Although the information generated by individual pieces of equipment and sensors is valuable,
it is still a single isolated data-point. System integration plays a large role in making these data-points
available for further processing. Unmanned operations bring up the necessity to replace manual routines —
like walk-throughs, patrols and open-and-inspect — with more data-driven, automated and self-sufficient
regimes at the equipment level. System integration allows for every system to share relevant information
and make it available for central monitoring which is one of the key functions of the Shore Control Center.
Additionally, the control systems can provide deeper insights into the overall process by combining separate
data-points into a holistic decision support system.

Control system autonomy levels have moved up the ladder of autonomy through added functionality, better
sensors and processing capabilities, and regulatory requirements. As vessels move towards being
increasingly unmanned, the autonomy levels of control systems will have to continue increasing towards
being fully autonomous within machinery spaces.
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3 Autonomy

Vessels today have onboard DP systems that are interfaced to automated vessel control and power
management systems. On the autonomy scale defined in Figure 1, these usually fall somewhere between
ALO and AL4. To move higher on the level of autonomy, the system needs to have the capability to perceive
and understand its surroundings, process this information, and subsequently make decisions that either align
with the overall mission, or in abnormal situations, are emergency responses. To accomplish this, we need
to integrate a variety of subsystems and sensors into a decision matrix that is capable of self-regulating.

We will discuss this in the context of navigational autonomy, which is the capacity of a vessel to navigate
along planned routes, avoid obstacles and complete missions within the operational parameters for the given
task. To achieve navigational autonomy, the system must not only be able to control and make decisions,
but also make decisions within established seafaring rules and regulations to behave in a way that is
compatible with other, human-controlled vessels that are in its vicinity. A high-level overview of the system
is presented in Figure 5.
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Figure 5: Navigational Autonomy overview

3.1 Situational Awareness

The situational awareness module of the autonomous system is what gives the vessel the ability to perceive
its surroundings. A combination of advanced sensors and sensor fusion algorithms allow the situational
awareness module to build a macroscopic picture of its environment. The sensors can provide their own
datasets and can combine this information with one-another to understand the larger context in which these
datasets are being produced. For example, a camera feed can be combined with a Motion Reference Unit
(MRU) to understand whether a seemingly moving object is actually moving, or whether this motion is in-
fact an artefact caused by the relative motion of the sensor.
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Advanced Sensors with Sensor Fusion

Relative Position Absolute Position Echo Sounder

Figure 6: Sensor Integration in the Situational Awareness Module

The sensor fusion module creates a unified digital representation of the relative surroundings of the vessel.
This sensor data from the internal system can be combined with information from other external sources
such as image databases, Automatic Identification Systems (AIS), electronic charts and Geographic
Information Systems (GIS) to build a complete picture of the objects in the surroundings. This processing
occurs in real-time and allows the vessel to identify objects, obstacles or navigation aids along its route.
The system is thus able to perceive its environment and make decisions based on these inputs and the
predetermined mission criteria.

Figure 7: Object Identification - Radar and Visual

Multiple sensor information can be used in unison depending on the vessel context in order to build accurate
digital representations of the vessel surroundings. Examples in Figure 7 and Figure 8 show how different
sensors can be combined to give the navigational system necessary information for safe manoeuvring
around obstacles, or within the navigational aids.
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Figure 8: Object Identification - Charts and Visual

In addition to its critical role in autonomous operations, situational awareness is increasingly important in
manned operations. As the complexity of operations has increased, so has the number of variables available
to, and addressable by, the operator. There have been multiple reported cases of alarm overload by operators
especially in abnormal situations (P&I Club, 2019). A situational awareness system capable of presenting
only relevant data during an emergency or abnormal situation, and act as a decision support tool for the
operator, adds a considerable margin of safety to the operation.

Using a situational awareness system as part of decision making can lead to some risks. Focusing solely on
the subset of information that is deemed high-priority by the system has the potential consequence of
information loss. A potentially hazardous object not detected by the system and thus given no attention by
data labelling, can pose a risk to the operation as the operator is unaware of this object and may overlook it
(Manikandasriram Srinivasan Ramanagopal, 2018).

3.2 Automatic Navigation System (ANS)

Current Dynamic Positioning systems are capable, to a certain degree, of mission autonomy. For example,
the DP auto-track system allows the operator to input a predetermined set of waypoints and once entered,
the system will do all the background routines and make necessary adjustments to follow that track. The
operator only needs to serve in a supervisory role. Similarly, the operator does not need to have any input
while in auto-position or auto-heading mode. The ANS takes this functionality a step further.

The ANS is split into three main subsystems: obstacle detection, obstacle avoidance and voyage control.
These systems collect data from the internal and external sources to make decisions and take appropriate
actions.
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3.2.1 Obstacle Detection System

The obstacle detection system is responsible for observing and classifying objects that it discovers from the
sensor fusion described above. Every individual sensor’s data is compared against OwnShip information to
determine whether a discovered object is an obstacle. This comparison extends to other external sources
like tide tables, weather forecasts, no-go zones and known obstacle databases to refine the results into
defined obstacles. Once objects are identified as an obstacle, the system will refine the results by
consolidating duplicates into single obstacles, correlating these against the various sensors and data-sources
that are available. This correlation across multiple sensors and data-sources allows for redundancy in
obstacle identification and classification.

Internal Sensors

Visual i Radar Motion Echo Sounder

| - External
P N

* Known Obstacles
* No-Go Zone
* AIS

A, Y A
Ownship
Observer 1 Observer 2

Figure 9: Obstacle Detection System Overview

3.2.2 Obstacle Avoidance System

The obstacle avoidance system is responsible for analysing and selecting appropriate routes to take when
an obstacle is flagged by the obstacle detection system. The obstacle avoidance system compares OwnShip
data with the area of operation and the existing planned route against the obstacle information to assess the
appropriate action. The alternate route planning system will compare the existing route and associated
parameters and constraints against a new route to select a new optimal route that avoids the obstacle. This
information is then relayed to the guidance module and voyage control system.

The obstacle Avoidance system uses an area of interest to base its route calculations. The area of interest is
a sufficiently large sliding window whose size depends on the operation. This window is used to analyse
potential alternate routes, within its bounds, that the vessel can successfully manoeuvre. The route analyser
refines the route based on operational parameters and constraints within the area of interest. The area of
interest can have multiple obstacles within it, and the route analyser will find the safest route between these
obstacles.
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The route analyser uses a least-cost method to compute the most optimum route. The route analyser uses
data from the obstacle detection system, vessel capabilities, planned route, weather forecasts, tide tables,
charts and no-go zones within the area of interest to calculate the most optimum route to successfully
manoeuvre between the current position (area of interest entry point) and the future position (area of interest
exit point) on the planned route. The new route goes through a decision gate and is forwarded to the internal
guidance and manoeuvring module to implement the route change. The least-cost algorithm runs
continuously with the latest information from all data sources in order to continuously calculate the
optimum route. The combination of the low-cost algorithm and area of interest window ensures that the
vessel doesn’t manoeuvre too far from its intended route.

3.2.3 Voyage Control System

The voyage control system is responsible for the overall execution of the voyage plan as required by the
operation. The voyage control system is the main decision engine for the vessel and acts as the Captain.
The decisions taken are based on planned route, alerts, vessel capabilities and the prerequisite constraints
that are applied to these inputs.

The voyage control system also incorporates a monitoring and data recording function that provides
appropriate reporting requirements. The voyage report contains all the pertinent information for the planned
voyage and includes information regarding decisions made by the system during the course of the route.
This information is relayed to the shore control center. The route information is also passed along to the
obstacle avoidance system which uses it to correct course in case of obstacle detection, and to make
adjustments to the route with the correct entry and exit points.
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The decision engine in the voyage control system takes actions according to standard industry practices and
mimics the reactions that a captain would have to given circumstances. These decisions are based on
Standard Operating Procedures (SOP), industry guidelines and regulations. The voyage control system
interfaces with both internal and external systems to get all the information necessary to make decisions.

3.3 Internal Systems

In addition to the core components of the Automatic Navigation System discussed above, there are other
internal systems that play a crucial role in the successful deployment of autonomous vessels. We will take
a look at a few of the key systems in this section.

3.3.1 Guidance and Collision Avoidance Module

The guidance module adds the capability to plan and re-plan the route in real-time. This function is an added
layer of navigational safety to the obstacle detection and avoidance systems. This planning and re-planning
function follows regulations (ColReg) to successfully and safely complete the mission. The situational
awareness module is closely integrated with navigational autonomy to allow for seamless decision making
while underway. The Collision Avoidance module is responsible for following seafaring rules — such as
port-to-port passing for collision avoidance — and has the capability to take give-way vessel actions or
stand-on vessel actions depending on the circumstances. For larger vessels, where short-term collision
avoidance actions may result in erratic behaviour, the re-planning of the predefined and validated route is
done in accordance with possible obstacles and their projected trajectory.

A ——

[DIN passes these obstacles

tollowing GOLREGS

Figure 11: ColReg Test Vesse OIN
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The guidance module is integrated with the manoeuvring module which can seamlessly switch from low-
speed to high-speed autopilot, and perform advanced manoeuvring such as docking and sailing. This is an
extension of the existing functions within Dynamic Positioning and navigation systems.

3.3.2 Grounding Avoidance System

Like the collision avoidance system, the Grounding Avoidance system ensures that the vessel can safely
navigate a course, avoiding obstacles that are below the waterline. This system utilizes a combination of
echo sounders, tide tables, charts and known obstacle databases to plot a route that avoids grounding. The
grounding avoidance system works in tandem with the obstacle avoidance system to ensure safe passage,
and is also capable of setting alerts for the voyage control system to take appropriate actions.

3.3.3 Energy Control System

The Energy Control System (ECS) takes the existing power management philosophy and includes an
additional level of condition-based decision making. The criteria for these decisions are based on industry
guidelines and SOP. The ECS ensures that the appropriate amount of power is always available to maintain
vessel capabilities based on the planned voyage. The ECS also ensures that the vessel is within regulatory
limits of operation.

Today’s Power Management Systems (PMS) have a high level of autonomy when it comes to functions
like automatic changeover and blackout prevention. Additional capabilities such as Advanced Generator
Supervision (AGS) and blackout recovery enhance these capabilities to allow for added levels of self-
reliance. Modern PMS systems have the capability to identify faults, isolate the offending equipment, and
bring additional capacity online as and when needed. This makes running power plants in accordance with
vessel needs a seamless process.

In addition to traditional power generation, today’s vessels are increasingly adding renewable and hybrid
arrangements to the power mix. New technologies such Battery-on-Board (BoB) not only add to the
reliability of power plants, but they also decrease the environmental impact that vessels have. This variety
of power sources also has an impact on the available routes to a vessel. A vessel can use their hybrid sources
to traverse Emission Control Area (ECA) zones where emission requirements may not allow for marine
fuel-based steaming. During these routes, power requirements are fed forward from the voyage control
system to the energy control system to allow for the correct power generation to be online.
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3.34 OwnShip and Vessel Capability

The vessel also needs to ensure that it has accurate information about its own position, speed and capability.
This information is generated using a combination of onboard sensors to accurately model the vessel’s
current state. This OwnShip information is used by the obstacle avoidance system to compare against any
identified obstacles. In addition to current state, the voyage control system requires an accurate
understanding of what the vessel is capable of. Information about onboard systems is gathered from the
appropriate sub-systems such as energy control, propulsion, ballast etc. to update the vessel capabilities
accordingly. In cases where an equipment failure is reported by one of the sub-systems, the voyage control
system can use the updated vessel capability to decide on next steps to successfully complete the planned
voyage. The vessel capability and OwnShip information is also important for the shore control center to
make a human-in-the-loop decision regarding the safety surrounding the planned voyage, and whether
current conditions necessitate remote control or emergency procedures.

3.4 External Systems

In addition to the above-mentioned internal systems, there is a need for integration to external sources of
data to have a comprehensive understanding of the vessel surroundings. This, in addition to the operational
context of the vessel, plays a crucial role in the autonomous control of vessel systems.

34.1 Data Sources

The sensors and sensor-fusion mentioned in section 3.1 provides information relating to the vessel and its
vicinity. Additional data is needed to describe the larger space that the vessel operates in. This data can
come from a variety of external sources:

Tide Tables are critical when it comes to safely manoeuvring in and out of ports, and in areas
that may have obstacles under the waterline. Most major ports and navigable routes have tide tables
available in digital format which can be consumed electronically to then feed into voyage planning
and grounding avoidance system.

Charts have been a cornerstone of safe maritime navigation since seafarers of antiquity. More
recently with the advent of the ECDIS, these same tools have been augmented to allow for efficient
course charting and real-time voyage optimization. Electronic charts also identify ECA zones and
restricted areas that the obstacle avoidance system needs to account for.

Known Obstacles can either be a part of electronic charts system or as a separate database
published for specific areas. There is precedence in the aviation industry for use of digital obstacle
databases to make aviators aware of known obstacles. Similar systems can be incorporated into the
voyage planning and obstacle avoidance systems on autonomous vessels.
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Weather Forecasts are widely available in digital format. Current weather, being one of the
most important external factors to vessel performance, is a data point that must be fed into the
vessel capability model in real-time. Weather forecasts can also be used in a predictive model to
calculate vessel capabilities further along the planned route. This allows for pre-emptive decisions
regarding safe and efficient navigation along the plotted route, or to take preventative actions to
avoid inclement weather.

Vessel Traffic Service (VTS) is an international service that is managed in Norway by the
Norwegian Coastal Administration to improve safety at sea and protect the environment. The
maritime traffic control centres prevent incidents and accidents by monitoring and regulating ship
traffic in defined areas along the Norwegian coast (Kystverket, 2019).

As with the sensors, external data is also used in the sensor fusion module in order to provide an enhanced,
and more comprehensive situational awareness. The combination of current conditions, with conditions
along the route allow for holistic decision making which enables safer and more efficient operations.

3.4.2 Shore Control Center

The purpose of a Shore Control Center (SCC) is to provide a means to interact with an otherwise unmanned
vessel or to support operations with reduced manning. Since the vessel plays a role in a larger human-driven
value chain, a mechanism must be in place to relay operational decisions to the vessel. Activities like voyage
planning, reporting, and emergency control are handled by personnel manning the SCC. The SCC also
plays the role of the primary communications hub for the vessel and has live feeds from the vessel to
monitor equipment status, route progress and obstacle updates, as well as respond to situations outside the
jurisdiction of the automatic navigation system.

The SCC also operates in a wider context than the vessel, therefore, the tasks that are carried out in the SCC
include mission planning, loading and stability, voyage planning and permitting, unloading and ballast,
maintenance scheduling, and the overall supply chain management. The advantage of operating from an
SCC also extend to back-office support where specialized expertise can be called upon with shorter
response times. Functions like administration, engineering and safety can easily and immediately be pulled
into the operations space when needed.
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Value Chain

Figure 12: Shore Control Center as part of the Supply Chain

The additional value of autonomy comes from the ability to reduce personnel onboard, and to manage
multiple vessels simultaneously. This can be achieved using modern ergonomics and UI/UX principles that
allow a single operator to monitor to ongoing operations on a group of vessels, or escalate and focus on a
single vessel whose operation is deviating from the norm. Equipment failure and redundancies can be
monitored, and voyage plans can be modified, based on reduced vessel capabilities. Equipment
malfunctions can be diagnosed, and appropriate troubleshooting can be applied by the expertise available
shoreside, including remote control of various assets onboard or navigate the entire vessel to a safe location.

Figure 13: Shore Control Center Ul example
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In cases where the onboard situation requires emergency response, the proper authorities can be notified
quickly and mobilized, while placing appropriate mitigation measures to reduce the impact of the incident.
A major advantage of unmanned vessels is to keep people out of harm’s way by placing key personnel
onshore instead of onboard.

An integrated offshore control system can provide all the necessary data to the SCC to monitor all
equipment onboard. On unmanned vessels, or those with reduced manning, a lot of manual routines will
have to be automated or monitored from shore. For instance, fire patrols will need to be replaced by robust
fire detection and suppression systems with integrated cause and effects and CCTV feeds. Similar, more
comprehensive, systems will be in-place for leak detection that can feed data back to shore for monitoring
and provide decision support. Other routines like open-and-inspect will have to be replaced by data-driven
predictive maintenance processes that tie into the overall supply-chain constraints like logistics and
scheduling of the vessel.

D
Figure 14: SCC with integrated control system monitoring

The risks associated with the SCC operations will be novel in the maritime industry, especially when
onboard crews are reduced or replace. Bandwidth and latency limitations on the connection will play a
crucial role in the capability of the SCC when it comes to managing abnormal conditions. These limitations
necessitate the development of failsafe measures that can comply with safety standards that match or exceed
today’s regulatory requirements. SCC operators that monitor multiple vessels also face the same fatigue
related risks that crews onboard do, and monitoring multiple vessels adds the possibility of further alarm
flooding events. Managing these risks will require a new set of industry standards when it comes to
operating the SCC.
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4 DP Operations

Over the course of its development, the DP system has progressed from being a standalone control system
to a more connected and integral part of a vessel’s operations. As previously mentioned, DP systems today
are already autonomous to a great degree while sub-systems that support the main DP operations are at
varying degrees of autonomy. Command-based control of the DP system from remote locations is already
a reality, and the advancements in connectivity allow this to be expanded into full navigational autonomy.
Combining this with the overall value-chain of the operation allowing for reduced manning onboard, and
increasing the safety of operations, is the next step in its evolution.

Many of the navigational autonomy systems described so far are an extension of DP capabilities. An
example of this is the use of the DP system to enable auto-pilot. Waypoints are a means to control the
autopilot and plot a course that the vessel will follow. Extending this capability with obstacle avoidance
and route re-planning allows for a dynamic update of these waypoints. The auto-pilot function can then use
the new set of waypoints to navigate safely until a new obstacle is detected leading to a new route. The core
DP functions necessary to accomplish this task, from sensor validation to thruster allocation, remain largely
unchanged. Another example of the use of DP in autonomous navigation is the auto-docking function. This
is achieved by using a local relative position reference system with slow manoeuvring.

DP operations today will also benefit from the technical advances that will support autonomy tomorrow.
Remote DP and bridge operations has the potential to significantly reduce Operating Expenditure (OPEX)
on the existing fleet and reduce Capital Expenditure (CAPEX) for future new builds. The technology
enablers supporting remote operations are the same as those that will eventually be the building blocks for
Autonomy. Remote operations as a backup to autonomy is a well-established concept today, and both
systems require robust fail-safes, communication channels, shore control centers, and a new way of
operating these advanced assets. These advances will challenge existing business models which will have
to change in order to adapt to these new conditions and take full advantage of the efficiency gains that will
be achieved.
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Figure 15: Remote DP Operations Center
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Situational awareness is another arena that DP operations can take advantage of. Using advances in sensor
fusion and modern UI/UX concepts enables DPOs to get a much clearer understanding of the ongoing
operations and the surroundings. From a watch-keeping perspective, this can be a supplemental navigational
aid especially in low-visibility conditions. Additionally, combining key aspects of situational awareness,
decision support and alarm management can reduce cases of alarm flooding during abnormal conditions.
Muitigating risks surrounding watch keeping and alarm management can play a crucial role in overall fatigue
management, which is identified as one of the leading causes of accidents.

Enhancements in connectivity and open data sharing can also contribute to the overall efficiency and safety
of the operation. Data transparency allows for the sharing of current conditions across multiple vessels
working within the same operational environment. As an example, today’s operations require industry
standard checklists and guidelines like Activity-Specific Operating Guidelines (ASOG) for vessels to come
alongside one-another. These checklists are a manual endeavour that take time, and more critically, lack
transparency. With connectivity and digitization, vessels can mutually share current conditions and ensure
that they have the appropriate capabilities in place prior to commencing operations.

As discussed earlier, manual routines like inspection will move towards a more automated state to enable
autonomy. Condition monitoring and continuous verification of onboard systems will be a key success
factor for the widespread adoption of autonomous vessels. A majority of the data required to fulfil these
prerequisites is already available in the vessel’s control system. In the short-term, this existing data
combined with a set of verification steps, can allow for DP surveys and continuous verification, while
moving toward complete vessel autonomy in the long term.

5 Conclusion

Digitalization and the advent of autonomy will fundamentally change the way the maritime industry
operates. The combination of new technologies in the field of energy storage, and new ways of analysing
existing data will allow for safer and more sustainable operations, while increasing automation and
autonomy will reduce the risks to personnel onboard vessels. The historical development of Dynamic
Positioning systems has made them a highly suitable candidate to leverage the technological advancements
in navigational autonomy and shore control centers. This autonomy will be further integrated into control
systems covering the entirety of the vessel’s equipment.

The United Nations Sustainable Development Goals (SDGSs) consist of 17 areas that countries around the
world have identified as being the most in need of action (United Nations, 2019). The maritime industry
accounts for 90% of world trade while emitting 2.5% of global greenhouse gases (Global Maritime Forum,
MARSH, IUMI, 2018), and although this is one of the most cost-effective modes of transport, the industry
will need to adjust its carbon footprint in the near future. In addition to climate action, several areas of
impact in the SDGs directly affect the maritime and offshore industries: Clean Water; Industry, Innovation
and Infrastructure; Affordable and Clean Energy; and Life Below Water. These goals and the global trends
surrounding them are driving the maritime and offshore industries to optimize and increase efficiency of
operations.

In the end, our DP will move our DP.
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