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Management review
Introduction
Vessels are constructed under heavy inspections and regulations to ensure safety at sea,
but yet there are still many incidents and accidents happening around the globe. Most of the
accidents at sea that occur happen due to several aspects. The main aspects which are the
cause of accidents at sea are the human factor, mechanical failure and external events
(American Bureau of Shipping: Incident Investigation).
To replace this human factor, the ship might require some basic human senses such as:
hearing, observing, but most importantly the ability to make logical choices. There are
many existing technologies that are capable of imitating these human abilities such as
radar, microphones, and even sensors being able to measure a large variety of things.
Though, in a concept such as this, a fully autonomous ship will have to be able to measure
and process these readings independently (Monalisaproject).
Beside the possibility of a vessel being fully autonomous the vessel could also be semiautonomous so the autonomous ship and human insight would support each other. In this
paper the question will be asked how the detections systems can be used for an
autonomous ship and what is required for this system to work. Another problem within this
topic is the design of the detection system which is another question yet unanswered.

Problem definition, Objective and Main question
The problem definition is: the current situation of navigation is dependent on man on the
bridge (human factor). This brings a risk of mistakes with it and costs besides personnel on
the bridge.
The objective of this project is: to research an innovative idea of integrated navigational
detection systems which can be used in an autonomous bridge.
The main question is: How can detection systems provide safe, sustainable and efficient
autonomous navigation?

Conclusion
Detection is a very important part of (semi-) autonomous sailing. In various projects, like
the Mona Lisa project and Rolls Royce, detection is a big part of the research to sail (semi-)
autonomously. There are a lot of confessional detection systems like radar and AIS, but
they are not good enough to be used for (semi) autonomous sailing. Therefore we need
systems which can provide more information which can ensure the safety on board of
(semi-) autonomous vessels. It’s important to have a redundant positioning system which
can prevent collision. Wherefore we need various positioning systems, like GPS and LPS,
which can as well be improved.
Another important part of detection is measuring depths, because it needs to be ensured
that there will be a safe and reliable route when a vessel will sail (semi-) autonomously. The
technology which is used nowadays is laser measurement, which is very accurate to
measure depth.
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Safety of the ship and cargo as well is important for (semi-) autonomous vessels. Therefore
we need meteorological data on board of (semi-) autonomous vessels, which can be
provided by an Automatic Weather Station and Doppler Weather Radar. These systems can
be integrated whereby more information can be provided. However it is useful to link this
system with a program which transmits live updates to control the route for autonomous
ships. This can be provided by two general types of operational weather services, namely
Ship Routing and Vessel Performance Monitoring.
All the systems that we have discussed in the previous chapters must be combined. To
integrate these systems we need to build one system. This can be done in three phases
which we discussed in chapter five. In the last phase all data will be provided to the central
computing unit whereby the system is able to prevent any collision with an (semi)
autonomous vessel.
In short, detection needs to be improved to prevent any collision with an (semi-)
autonomous vessel. When these systems are combined, they can be used on board of
(semi-) autonomous vessels so they can prevent collision.

Recommendations
There are many areas within the automation that are still blank or need further research. All
the necessary systems that are needed to detect vessels, objects, weather and depth are in
place they still require a system that collects and analysis all the data in order to act on the
given information. This issue is addressed in chapter five, were a structure is put in place
for a software to run on. Because of the complexity of binding all these systems together,
we can only speculate on how the organization and structure of these systems should look
like.
Therefore our recommendation is that further research must be held in developing a
software that makes all the received data from the individual systems compatible.
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Preface
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In this report the results of our project is described. The project is about autonomous ships.
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Background
Project name
The (Semi-) Autonomous Ship

Topic
Detection

Client
Rotterdam Mainport University (RMU)

Supervisor
G. Blankenstein

Contractor
Christiaan Drent, Rianne Welsink, Rick Smits and Robertson Jansen

Stakeholders
Rotterdam Mainport University, the students of RMU, the companies related to the maritime
world.

Introduction
Project 2 is about the (semi-) autonomous ship.
In general it’s all about:
Safe, sustainable and efficient waterborne transport
Manned vs. semi-autonomous vs. fully autonomous
Project 2 (PJ2) concerns the acquisition of knowledge regarding the technical and nautical
disciplines: Automation (measuring and control), Propulsion and Auxiliary Systems,
Electrical Engineering, Navigation, Cargo Handling and Calamities.
Besides theoretical knowledge and management-related skills, companies require their
higher qualified personnel to have practical proficiencies as well.
Therefore assignments in the form of projects have been added to the curriculum of the
Maritime Officer so as to allow the students to acquire practical skills by performing
research and managing a project.
The objectives of this project are to acquire the skills that are required to do research and
to organize a symposium (PJ3).
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Problem definition and objective
Problem description
Vessels are constructed under heavy inspections and regulations to ensure safety at sea,
but yet there are still many incidents and accidents happening around the globe. Most of the
accidents at sea that occur happen due to several aspects. The main aspects which are the
cause of accidents at sea are the human factor, mechanical failure and external events
(American Bureau of Shipping: Incident Investigation).
Research has proven that the main cause of these accidents is related to the human factor
(Human Error and Marine Safety) & (RESEARCH OF MARINE ACCIDENTS).To improve the
safety at sea, and prevent loss at sea, the next step in the progression of technology is to
minimize the human factor at sea. By doing so incidents will no longer be related to or
caused by humans and is only dependent on the mechanical failures and external events.
The vessel will need an autonomous and redundant system that replaces the personnel on
board. This system will need the same features as human professionals have so it can
detect possible dangers more quickly than the human eyes, ears and intuition. On top of the
detection it needs to be able to process this information and execute a safe manoeuvre.
Due to the human factor still being the main cause of many shipping related incidents, it is
imperative that a solution must be found to replace the human factor and doing so,
hopefully reducing the chance of many unnecessary accidents.
To replace this human factor, the ship might require some basic human senses such as:
hearing, observing, but most importantly the ability to make logical choices. There are
many existing technologies that are capable of imitating these human abilities such as
radar, microphones, and even sensors being able to measure a large variety of things.
Though, in a concept such as this, a fully autonomous ship will have to be able to measure
and process these readings independently (Monalisaproject).
Not everyone might be persuaded that autonomous ships are the solution to reducing
accidents, therefore the possibility exists that the human factor will not vanish completely
due to cultural differences or a different mind-set. Therefore in order to minimize the human
factor, the autonomous ship will still have to deal with the possibility of human factor on
board of another vessel and respond positive to a situation aberrant from a normal
situation.
Beside the possibility of a vessel being fully autonomous the vessel could also be semiautonomous so the autonomous ship and human insight would support each other. In this
paper the question will be asked how the detections systems can be used for an
autonomous ship and what is required for this system to work. Another problem within this
topic is the design of the detection system which is another question yet unanswered.
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Problem definition
The current situation of navigation is dependent on human on the bridge (human factor).
This brings a risk of mistakes with it and besides costs personnel on the bridge.

The objective
To research an innovative idea of integrated navigational detection systems which can be
used in an autonomous bridge.

Project assignment
Gathering many information as possible about detection systems to investigate how these
system can be integrated for autonomous navigation.

Main question
How can detection systems provide safe, sustainable and efficient autonomous navigation?

Sub questions
1. What is (semi-) autonomous sailing?
2. How can detection systems be used for collision avoidance?
3. How can detection systems be used to measure position, depth, currents and
distance?
4. How can detection systems for the weather be used for route keeping?
5. How can a design of an integrated detection system on board an autonomous ship
look like?
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1 (Semi-) autonomous sailing
1.1 Introduction
The sub question that will be answered in this chapter is: What is (semi-) autonomous
sailing? The chapter is divided in the following way: a short introduction to the sub question,
definition autonomous sailing, definition semi-autonomous sailing, MUNIN, Rolls Royce,
Mono Lisa Project and a definition of (semi-) autonomous sailing made for this project. The
chapter will be closed with an answer to the sub question.

1.2 Definition (Semi-) autonomous sailing
On march 09 2016 the newspaper the Guardian reported the following story: “Google selfdriving car caught on video colliding with bus The crash – the first caused by a self-driving
car – tore off its radar, flattened its tire, and crumpled its side. It was the first time in
several years of testing on public roads that a Google self-driving car prototype caused a
crash. Google has blamed other drivers for past collisions during testing, but, in a first,
accepted at least partial responsibility for this crash.” (The Guardian, 2016)
The Google self-driving car and an autonomous vessel have one thing in common. Both
vehicles use only technology to go from one point to another point. This project will
investigate: how (semi-) autonomous sailing can be safe, sustainable and efficient. Before
this will be investigated a definition of autonomous sailing and semi- autonomous sailing will
be given. The boundary of the project will be clear if a definition of (semi-) autonomous
sailing is given.
A clear definition of the word (semi-) autonomous is unavailable. The dictionary Longman
gives for the word ‘autonomous’ the following meaning: “having the ability to work and
make decisions by yourself without any help from anyone else.” (Longman, 2008)
The Longman gives for the word ‘semi’ the following meaning: “partly but not completely”
(Longman, 2008)
Before the definition of (semi-) autonomous sailing made for this project will be mentioned
in this chapter the following terms will be reviewed: the project MUNIN, Rolls Royce and
Mono Lisa Project.
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1.3 MUNIN
The Project Maritime Unmanned Navigation through Intelligence in Networks (MUNIN) is a
research project that researches if (semi-) autonomous sailing is possible. MUNIN wants to
develop a design for a semi-autonomous ship. The MUNIN defines autonomous ship as “a
vessel primarily guided by automated on-board decision systems but controlled by a remote
operator in a shore side control station.” (MUNIN, 2016) The MUNIN wants to use the semiautonomous sailing and autonomous sailing on the same vessel. The vessel will sail semiautonomouslyestricted waters and it will sail autonomous during deep-sea voyage. During
semi-autonomous sailing the vessel will be operated by an operator ashore in the Shore
Control Centre. The MUNIN project is still in development. The MUNIN doesn’t have any
solution yet. The MUNIN (MUNIN, 2016) wants to use the following systems and entities:








An Advanced Sensor Module, which takes care of the lookout duties.
An Autonomous Navigation System, which follows a voyage plan and it has freedom
to adjust the route due to for example change in weather.
An Autonomous Engine and Monitoring Control System, which takes care of the
engine room and propulsion automation systems in case of failure.
A Shore Control Centre, which continuously monitors and controls the autonomously
operated vessel.
A Shore Control Centre Operator, who monitors the safe operations of vessel.
A Shore Control Centre Engineer, who monitors the safe operations of the engine
room and other technical installations on board the vessel.
A Shore Control Centre Situation Room Team, which can take over direct remote
control of a vessel during maneuvering or other problems.

The shore control operator, engineer and other members are not onboard. They operate
from the shore based centre. They won’t control and operated one autonomous vessel they
have several vessel under there command.
At the moment the MUNIN project is busy with:
 Series of tests of sensor arrays in a range of operation and climatic condition on
board of the Stella (Stella is a ship operation between Korpo and Houtskär)
 They are busy with the concept of the shore based operation. Unmanned ships need
to be monitored and controlled and this will require entirely new kinds of work roles,
tasks, tools and environments. It explored the lessons learned from other industries
where remote operation is commonplace, such as aviation, energy, defense, and
space exploration.

11

DETECTION

MAY 9, 2016

1.4 Rolls Royce
Rolls-Royce is a company that operates in two main business divisions, Aerospace and Land
& Sea. The Rolls-Royce develops machinery as gas turbines, reciprocation engines,
Aerospace (Civil and Defense) and Marine, Nuclear & Power systems. Rolls Royce operates
in more than 120 countries, comprising more than 380 airlines customers, 160 armed
forces, 4 000 marine customers including 70 navies and more than 5 000 power and nuclear
customers. (Inmarsat, 2016)
Rolls Royce launched a plan to make autonomous ships a reality. The project is called
Autonomous Waterborne Applications Initiative (AAWA). In picture 1 illustrates the
Advanced Autonomous Waterborne Application.

Figure 1

AAWA Initiative by Rolls-Royce Source: (Inmarsat, 2016)

The AAWA will run from 2015 to the end of 2017. The most important applications the Rolls
Royce wants to accomplice is:
 Remote control/operation
 Shore based operation
 Operation optimization
 Collision avoidance
 Full autonomous operation
 Situation awareness & sensing, dynamic positioning, E-navigation instead of a
navigator of the bridge.
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1.5 Mono Lisa Project 2.0
The Mono Lisa Project starts with the Sea Traffic Management (STM). STM has over 50
partners in 13 countries involved in private, public and academic maritime sector. The STM
has a budget of 43 million Euro. The project is co-financed by the European Union. The
project started in 2015 and is running till the end of 2018. (STM, 2016)
The vision of the Sea Traffic Management is: “Transparency leads to better overall decisions
resulting in increased efficiency and, in the maritime industry, improved safety as well.
Imagine a world where all the information you need is at your fingertips, updated in realtime. And where most information does not have to be entered manually but is collected
from various data sources.” (STM, 2016)
The Mona Lisa 2.0 project was done by STM during 2013 and 2015. The project target was
to assess the strengths and weaknesses of the current maritime ship- and transport
systems, operations and interaction. The activities were in short:
 Maritime simulation network
 Maritime service infrastructure
 Voyage management
 Port decision making
The Mona Lisa does not have a definition for (semi-) autonomous sailing. Still the Mono Lisa
project is interesting to use in this project because the STM supports between individual
ships the sharing of information including route planning, route exchange, and route
optimization services. A vessel can use this information to optimize the decision making of
avoiding collision with other vessels. The immediate result of the Mona Lisa project is ENavigation. More about this in chapter 2.
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1.6 This project definition
The definition of autonomous sailing will be ‘a sailing vessel that has the ability to work and
make decisions by itself within clear borders without any help from the shore based center.’
The clear borders are rules within witch the vessel can operate by itself. For example, if the
wind force is below 10 Beauford, than the ship will be able to function on its own.
This project wants to use the following information of MUNIN, Royce Rolls and Mona Lisa
project:
 Remote control/Shore based operation
 Collision avoidance
 Full autonomous operationw
 Situation awareness & sensing, dynamic positioning, E-navigation instead of a
navigator of the bridge.
 An Advanced Sensor Module, which takes care of the lookout duties.
 An Autonomous Navigation System, which follows a voyage plan and it has freedom
to adjust the route due to for example change in weather.
 A Shore Control Centre, which continuously monitors and controls the autonomously
operated vessel.
The vessels will sail autonomously offshore, but it will sail semi-autonomously along the
coast and in the harbor. A shore based center will control and monitor a number of vessels.
The shore based center can always switch an autonomous sailing vessel into semiautonomous mode. For example in case of collision avoidance, or when a vessel goes off
track.
This project is looking for the following systems:
 Automatic weather system that can be used to make the voyage planning.
 Automatic alarm system with clear borders for the vessel.
 A sensor system that can replace the human navigation onboard of the vessel.
 A system that can avoid collisions with other vessels.
 A systems that can measure depth and ocean currents.
In the final chapter of this project, all the systems will be integrated into one system.
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1.7 Conclusion
The sub question that was answered in this chapter is: What is (semi-) autonomous sailing?
The dictionary Longman gives for the word ‘autonomous’ the following meaning: “having the
ability to work and make decisions by yourself without any help from anyone else.” The
Longman gives for the word ‘semi’ the following meaning: “partly but not completely” The
definition of autonomous sailing will be ‘a sailing vessel that has the ability to work and
make decisions by itself within clear and irrefutably borders without any help from the shore
based center.’
The vessels will sail autonomously offshore, but it will sail semi-autonomously along the
coast and in the harbor. A shore based center will control and monitor a number of vessels.
The shore based center can always switch an autonomous sailing vessel into semiautonomous mode in cause of for example collision avoidance or a vessels that is going offtrack.
This projects is looking for the following systems:
 Automatic weather system that can be used to make the voyage planning.
 Automatic alarm system with clear borders for the vessel.
 A sensor system that can replace the human navigation onboard of the vessel.
 A system that can avoid collisions with other vessels.
 A systems that can measure depth and ocean currents.
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2 Collision avoidance
2.1 Introduction
Present day detection systems such as radar, AIS, and visual monitoring by bridge officers
are all tools used to ensure the safe navigation. The autonomous or semi-autonomous ship
would also require a form of detection in order to avoid collision with another ship or object.
So the question remains if conventional detection systems can be used to safeguard the
(semi)autonomous ship’s navigation.
The goal on this part is to not only detect, but to avoid collision. If a collision has to be
avoided then something has to be set in motion in order to detect the object, and react on
this object using the appropriate means. If the ship is semi-autonomous then this acting
device could still very well be a bridge officer. If the ship is fully autonomous and therefore
not dependent on human acting then the acting device could be a system built into the
detection, or a separate system which uses the detection system to a only detect objects
and other vessels but does not interfere in the decision making process. Anyway a detection
system for a (semi)autonomous ship should at least be able to gather the same data
conventional detection systems do nowadays.
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2.2 Conventional detection systems
2.2.1 Introduction
In order to improve new detection systems for autonomic purposes it is wise to take a step
back and take a look at the existing detection systems. These systems were created to
enhance the navigator’s capability to detect obstructions and ensure a safer navigation. The
first major improvement in detection systems on board ships was invented in the early
nineteenth century with the introduction of RADAR (radio detection and ranging). This
system would revolutionize the naval fleet and greatly enhance the navigator’s capability to
detect other vessels, obstructions, land and even ice.
With the introduction of radio technology a doorway was opened to new navigation systems.
It was because of radio technology that other systems such as LORAN-A (Long Ranged
Navigation) the predecessor of Loran-C and E-loran was created. In the years to come and
with the introduction of satellites more accurate systems were created such as AIS
(Automatic Identification Systems) and GPS (Global positioning systems).
All these systems have one thing in common, they all can be used to enhance the
navigational capabilities on board of sea going vessels.
2.2.2 RADAR
RADAR stands for: Radio Detection and Ranging. It is a system that uses radio waves to
scan the area for objects in the water, air or on land. The implementation of radar
technology on merchant vessels revolutionized the navigational lookout at sea.
The way radar works is by using a horizontal antenna rather than a vertical standing
antenna. The antenna emits a radio wave, rotating the horizontal antenna creates a circular
sweep that detects objects within the set radius.
When the emitted radio wave comes into contact with an object, than the wave is reflected
back to the emitter. By measuring the time between and receiving the radio wave a
distance can be measured.
The ability to scan through various weather conditions can be achieved by choosing the
preferred frequency.
For example a three centimeter radar is more effective scanning trough rough weather, but
cannot scan as far as a five centimeter radar. (Gertner, 2012)
2.2.3 AIS
AIS stands for Automatic Identification System. This system is based on a transponder
technology to increase the navigational safety for seagoing vessels.
The purpose of this system is to send an overview of data between two or more vessels and
to shore based stations.
AIS-transponders are programmed to send information on periodic intervals using a VHF
transmitter that is integrated in the transponder as shown in Figure-2.
The transmitted information contains: Position, speed, voyage data, and internal conditions,
Name of the ship, and VHF-call sign.
This information is send to all vessels and coast stations that are equipped with an AIS-
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transponder. When equipped with a chart plotter, the location of the other vessel can be
displayed in the chart same vessel is displayed on a radar screen.
The navigator of the opposing vessel can use this information to decide a course of action
when a possible collision danger is present.
Because this information is available before the vessels meet, a collision can be avoided in
an early stage. (Rijkswaterstaat, 2014)

Figure 2

AIS system

2.2.4 ARPA
A merchant vessel radar with automatic radar plotting aid (ARPA) capability can create
tracks using radar contacts. The system can calculate the tracked object's course, speed
and closest point of approach (CPA), thereby knowing if there is a danger of collision with
the other ship or landmass. The initial development and design of ARPAs were stand-alone units.

That is because they were designed to be an addition to the conventional radar unit. All of the ARPA
functions were installed on board as a separate unit but needed to interface with existing equipment
to get the basic radar data. The primary benefits were cost and time savings. This of course was not
the most ideal situation and eventually it was the integral ARPA that replaced the stand-alone unit.
The modern integral ARPA combines the conventional radar data with the computer data processing
systems into one unit. The main operational advantage is that both the radar and ARPA data are
readily comparable. (Wikkipedia, 2014)

18

DETECTION

MAY 9, 2016

2.3 Innovative detection systems
2.3.1 Introduction
The navigator has a lot more information to his disposal because of conventional navigation
systems.
This leads to the navigator making navigational decisions that can enhance the safety for
seagoing vessels.
Though history has shown on multiple occasions that despite the many sources of
information brought by conventional navigation systems, the human error remains an
element that cannot be eliminated by feeding more information to the navigator.
That is why new methods of detection need to be invented and perhaps even controlled by a
non-human intelligence to further enhance the safety of sea going vessels.
2.3.2 Advanced sensor module
If the ship must detect targets the same as the human navigator does, then the most basic
method of detecting must be addressed, in other words: the eyes.
Using spectral cameras in combination with RADAR and AIS data, the autonomous ship can
determine if the target is a danger to the ship or if the target needs to be investigated
further.
The camera maintains a proper lookout for other ship traffic, obstacles, and needs to be
able to identify life rafts, or floating obstacles in the vicinity of the ship that can pose a
danger to the navigation.
Besides the basic lookout, the camera should also collect and asses meteorological data and
sea condition doing so replacing the perceptions of the human navigator.
Because the camera can detect a wider spectrum than the human eye can detect, for
example infra-red more visual, data can be attained to ensure a safe navigation.
There are cameras like a system developed by General Dynamics Inc. that already meet the
criteria as described above (Dynamics, 2016).
One of their more advanced systems claims that it has an intergraded 55 times zoom visible
camera with cooled infra-red sensor technology that can be applied for autonomic
integration. The camera can be intergraded the same way that google uses camera’s to
make autonomous cars, using data fusion algorithms to combine inputs from the radar and
camera to detect objects or vehicles, or in this case other ships.
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Figure 3

Advanced sensor module

This camera system contains:
 Cooled 3-5μm Infrared Sensor
 Tri- or Quad-Field-of-View Options
 Integrated 55x Zoom Visible Camera
 Focal Plane Array Choices: 320 x 256, 640 x 512, 640 x 480 (High Reliability Cooler
Option)
 Integrated Precision Positioning System
 Auto and Manual Focus
This is an example of a camera system that can be used to replace the human navigator in
terms of visual lookout.
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2.3.3 E-navigation
E-Navigation is a system that collects marine information on board and ashore by electronic
means to enhance the berth to berth navigation. The information is gathered and shared by
a shore based location and transmitted to the vessels in the vicinity providing navigational
data and increasing the navigational lookout. E-Navigation is a strategy developed by the
International Maritime Organisation (IMO), to bring an increased safety of navigation in
commercial shipping lanes.
This system would provide a better organisation of data on ships and shore, and a better
data exchange and communication between the ship and shore.
This system is not a visual detection system, but by making use of existing systems such as
AIS and GPS, vessels on route can be detected in an early state and by sending this voyage
data to the opposing vessels a possible collision can be avoided. (E-Navigation.net, 2012)

Figure 3

E-navigation principle
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2.4 Conclusion
Detection systems are very important and would be required on board of (semi)autonomous
vessel. No vessel would be able to sail without detection, whether this will be the bridge
officer or any other kind of a detection system. Every vessel will need a detection system to
avoid collision with other vessels. Therefore the (semi)autonomous vessel will need a
detection system that can be used the same way as the conventional detection systems,
like AIS and GPS, nowadays.
However, the navigator is able to use navigation systems which can provide a lot of
information, the human errors will remain. Therefore we will need systems like an advanced
sensor module. Spectral cameras in combination with RADAR and AIS data, can be used the
same like our eyes. In contrast to the human navigator who can only use his eyes to make
navigational assessments, the cameras should be able to collect and asses meteorological
data and the sea condition. Another navigation system will be E-Navigation which will create
more safety and will probably avoid collision which the spectral cameras will not be able to
see.
In short, detection will be needed on board of (semi)autonomous vessels. The human factor
will be reduced or eliminated on autonomous vessels so this issue needs to be addressed
with new detection systems that can take over these human factors.
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Detection systems

3.1 Introduction
The subjects below describe how to measure position, depth, current and distance. Knowing
these measures are fundamental for knowing the own position of the autonomous ship. By
measuring depth the autonomous ship would not only know which waters are safe to pass,
but the depth can also contribute to knowing its own location by comparing the measured
depth to the chart depth for example. Many of the systems listed below are already being
used for conventional shipping, but the autonomous ship would require the same basic
necessities as conventional ships use to determine such measures. Therefore it is possible
to extrapolate these existing concepts and use them for automatic purposes.

3.2 Positioning systems
To ensure optimal information of the location of the autonomous vessel a redundant
positioning system is required. To produce a redundant system it is required to have a
duplicate system or an alternative backup system. An alternative backup system is possibly
more feasible.
3.2.1 Satellite positioning
To start there will be made use of the affordable and tested Global positioning system. This
system can be even further improved by combining the GPS data with some new
technologies based on the GPS system. These systems are called Glonass which is the
Russian equivalent and the Galileo system which is the European system. By comparing and
combining the information of these three systems using GNSS which allows the systems to
be compatible with each other, a very accurate yet reliable system is created. Even in the
case of failure or a shutdown by the managing governments.
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3.2.2 Local positioning system
Instead of using conventional positioning systems, LPS systems can be used as an
alternative system which is more feasible for coastal of polar tracks. These systems work on
radio signals, ultrasound signals or infrared signals, and require multiple signals to form an
position the same way as a manual cross bearing. This is a very old system which has
already been used under the name LORAN-C, this system has been suspended due to high
costs. With current technologies as the wireless local area network a relatively cheap and
accurate position can be acquired.

Figure 4

Local positioning system
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Depth measurements Detection systems

3.3.1 Sonar & Bathymetry
Measuring depths proofs to be a difficult task, the term used is bathymetry and is commonly
practiced by using sonar. Sonars measure depths by sending soundwaves toward the
seabed and receiving the reflected waves. When the water density, and the travel speed of
𝑎∗𝑡
the waves is a known factor the water depth can be calculated with a simple formula: 𝑆 =
also written as 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 =

𝑆𝑝𝑒𝑒𝑑∗𝑇𝑖𝑚𝑒
2

2

this is the basic formula without correction of refraction,

the movement speed and rolling and pitching of the vessel itself. In order to reduce the
impact of rolling and pitching, an multitude of altitude sensors can be used to compensate
any differences.
In combination with accurate bathymetry maps or depth charts even tracking the position of
a vessel can be made possible, even though the system is unreliable, a general area where
the vessel may be sailing can be determined.
3.3.2 Bathymetric laser
A possible new technology which is momentarily being used to measure multiple small
distances is laser measurement. Because this technology is fairly new a lot of research still
has to be done, but with significantly faster measuring waves, the speed of light,
measurements are very accurate even without corrections.

Figure 5

Bathymetric laser
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3.3.3 Ocean current measurements
To ensure safe and reliable route keeping a system is required to measure ocean currents.
To measure these currents a couple of systems are already available on the market. The
systems which will be described in this chapter are the acoustic Doppler current profiler and
the interferometric radar.
3.3.4 Acoustic Doppler current profiler
The Acoustic Doppler current profiler is a system already used in shore stations and buoys
or beacons. It is a system that works similarly to a Doppler log which is used to measure
the vessels speed. Except instead of single sounder set multiple sets are used to measure
the different headings and speeds of the current.
A single sounder set consist of a Sounder, which will transmit an echo and 2 receivers. In
the system which measures currents at least 4 sets are required to create a real time
accurate indication what the heading and speed of the current is. When combined with the
vessels speed currents can be calculated and added to the route keeping system or
software.
3.3.5 Interferometric synthetic aperture radar
The other system which can be used is the Interferometric synthetic aperture radar, this
system is a high to very high frequency radar system. The system is currently used as a
shore based station where the radar is placed on a high platform or antenna. The
interferometric radar is not only used on earth, a highly advanced system can also be found
on board of satellites or spacecraft. Here it is used to build maps of planets and other
surfaces. The study which uses interferometric radars and related maps is called
interferometry.
The system works via the Doppler effect but can only be used as a surface measurement as
the radar waves reflect on the water surface.

3.4

Conclusion

All systems that are mentioned above can contribute to the detection of the autonomous
ship. In chapter 5.4 is shown that the information gathered by these systems will be
transferred to a locating module which will than go to the central computing unit. This
means that the data these systems collect will mainly be for establishing the position of the
autonomous ship using its surroundings, it will not detect other vessels or objects like in
chapter 2. As mentioned in the introduction of this chapter, many of these systems are
already being used in conventional shipping, therefore the essence of these systems do not
need to be reinvented. However because there is not yet a decisive method of integration to
combine these systems as shown in chapter 5.4, the next step in this research would be to
create a system that is able to collect and asses all data from these individual systems.
These are concerns that yet have to be questioned and possibly answered by experts in
interviews.

26

DETECTION

MAY 9, 2016

4 Weather route keeping
4.1 Introduction
This chapter answers the following sub question: “How can detection systems for the
weather be used for route keeping?”
Desk research was used in order to investigate the different types of detection systems for
the weather that are available on the market. During the desk research a literature study
and field research were performed. An interview with an expert was held as part of the field
research. His expertise on weather detection systems was very useful for this investigation.

4.2 Meteorological Data
Before going into the details of detection systems and its use, it is important to pay
attention to meteorological data.
The safety of the ship and cargo remains important for (semi-) autonomous ships. Therefore
meteorological data is still required.
“Meteorological data are required from the seas and oceans for a number of purposes:
 For the preparation of marine forecasts and warnings;
 For the preparation of forecasts and warnings for offshore industries;
 For marine consultancy;
 For global computer models of the future state of the atmosphere;
 To monitor the state of the oceans using delayed-mode data in weekly and monthly
analyses;
 For climatological data banks for many purposes, e.g. design of ships and structures
at sea, determination of economic shipping routes; and
 To build long-term records to monitor changes in the climate of the earth” (JCOMM
Voluntary Observing Ship Scheme).
The oceans cover a great part of the surface of the earth (approximately 70%). In the
beginning ships were the only means of meteorological data from the seas and oceans.
Nowadays there are several other means. So other than marine observations there are also:
 Surface observations;
 Upper air observation;
 Aircraft based observations;
 Satellite observations;
 Weather radar observations; and
 Other observations (JCOMM Voluntary Observing Ship Scheme).
For marine observations some ships are equipped with weather detection systems.
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Picture 1

Observation Components of the Global Observing System
(Marine Institute Foras na Mara)

4.3 Weather Detection System
Weather means “the state of the air and atmosphere at a particular time and place”
(Merriam-Webster).
Detection means “the act or process of discovering, finding, or noticing something”
(Merriam-Webster).
System means “a group of related parts that move or work together” (Merriam-Webster).
So weather detection system can be defined as: a group of related parts for detecting
elements of the air and atmosphere at a particular time and place.
In this paragraphs the following weather detection systems are investigated, namely:
 Automatic Weather Station (AWS); and
 Doppler Weather Radar.
To improve the currently condition of weather observation around the world it is essential to
let the Doppler Weather Radar work into network with the Automatic Weather Station. The
following two paragraphs will closely consider the combination of these two systems.

4.3.1 Automatic Weather Station (AWS)
Some vessel are equipped with Automatic Weather Station (AWS) system including certified
meteorological instruments to measure some elements of the weather.
An automatic weather station (AWS) is defined as a “meteorological station at which
observations are made and transmitted automatically” (WMO, 1992a).
On the next page the AWS system is displayed as picture 2. This is a visual representation
of a basic AWS.
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Picture 2

Automatic Weather Station
(Microstep)

Automatic weather stations have several sensors to make measurements. The most
automatic weather stations have their own thermometer, anemometer, hygrometer and
barometer. Some AWS also have a rain gauge, ceilometers, a weather sensor or visibility
sensor. All measuring will be transmits to the data-logger (Automaticweatherstation).
These















sensors detect the following elements:
Present and past weather;
Wind direction and speed;
Cloud amount;
Cloud type and height of base;
Visibility;
Temperature;
Humidity (dew point);
Atmospheric pressure;
Pressure tendency;
Ship's course and speed;
Sea surface temperature;
Direction, period and height of waves;
Sea ice and/or icing; and
Special phenomena.
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Nowadays there are many types of automatic weather stations. But in general the basic of
the system stays the same (see picture 2).
As mentioned above the AWS is an electronic device that measures weather elements. This
system transmits the data by satellite to the database of the weather routing company. This
will be explained later in this paragraph. It is automatic in the sense that it transmits
weather data continuously by itself. No extra attention must be taken to this device. It
requires occasional maintenance like changing a wireless transmitter battery or cleaning the
rain gauge.
The weather readings can update in different intervals. A key feature of modern weather
stations is their ease of connection to a computer and also uploading live weather forecasts.
Nowadays everything is computerized. Although the basic systems already provide many
benefits, computer-linking can bring more possibilities to the automatic weather stations.
Some





advantages of the AWS are as followed:
consistent in measurement;
provide data at different interval;
provide data in all weather; and
can be installed onboard a vessel.

But like almost every system, AWS has disadvantages as well. These are the disadvantages:
 Some elements are difficult to automate (e.g. cloud cover);
 requires a large capital investment; and
 less flexible than human observers.
When reviewing the system it is noticed that it transmits the data to weather routing
companies. This was mentioned above. “There are two general types of operational weather
services provided by weather routing companies:
 Optimum Ship Routing
 Vessel Performance Monitoring” (Oceanweatherservices).
Optimum Ship Routing
This is a technology that sorts the “optimal route” for a vessel before departure based on
the present weather forecasts, ship characteristics, ocean currents and special cargo
requirements. This is very important for the safety of the vessel, the crew and the cargo.
Some weather routing might consist of passenger comfort, fuel savings or schedule keeping.
The purpose is to get the best route to save time of transport and fuel consumption without
placing the ship at risk to weather damage or crew injury (Oceanweatherservices).
Vessel Performance Analysis (Performance Monitoring)
These services allow users to get a daily performance analysis about the ship speed and fuel
consumption based on the charter-party specifications and the present weather and current
conditions underway. No weather or routing advice is offered, only warnings can be sent to
the designated persons whenever a performance issue is discovered underway so these
designated persons have an overview on performance issues before arrival.
At the end of the voyage, a full “Voyage Performance Evaluation Report” is made for more
details about the actual performance or non-performance of the ship
(Oceanweatherservices).

30

DETECTION

MAY 9, 2016

Existing Weather Routing Companies
Currently there are many weather routing companies, e.g.:
Ship Performance Optimisation System (SPOS) (Meteogroup);
Applied Weather Technology (AWT) (Applied Weather Technology, Inc.); and
SeaPlanner (FuelSaver) Technology Module (DMI Maritime Service).
These companies are experts in the field of weather detection systems. Another system
used by them is the Radar. In the following paragraph the Doppler Weather Radar is
described.

4.3.2 Doppler Weather Radar
Doppler Weather Radar is also a system used for weather measuring on the market.
A Doppler weather is “a radar tracking system that determines the velocity of a moving
object by measuring the Doppler shift of the frequency of a radar signal reflected by the
object.’’ (Dictionary).
“The basics of radars is that a beam of energy, called radio waves, is emitted from an
antenna. As they strike objects in the atmosphere, the energy is scattered in all directions
with some of the energy reflected directly back to the radar.” (National Oceanic and
Atmospheric Administration).

Picture 3

“Analog radars use continuous radio wave transmission and simultaneous listening”
(National Oceanic and Atmospheric Administration).

The Doppler Weather Radar gives you live, up-to-the minute views of severe weather,
thunderstorms, rain squalls and more. It can show you the cell's direction and speed of
movement, and intensity of these elements (Raymarine).
Without a Doppler Weather Radar weather services companies are unable to see what is
going on inside a thunderstorm nor precisely forecast the movements of a thunderstorm. So
the warnings will be less accurate putting human and properties at risk during hazardous
weather.
The principle of this system is that the antenna emits pulses of magnetic energy. When
these pulses of energy encounter an object in the atmosphere such as raindrop, snow etc. a
part of the energy bounces of the object and returns to the receiver. The signal produced by
the object will be sent to the signal processor where it is transformed into usable data called
base data which receive reflectivity and velocity. Reflectivity shows where precipitation is
and velocity information helps identify rotation and strong winds within a storm. This
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process makes it possible to determine wind speed and direction behind the cold fronts and
it allows to determine which direction and how fast an object in the atmosphere is moving.
Some




advantages of the Doppler Weather Radar are as follows:
Gives accurate measurements of relative velocities.
It provides updated information about the weather.
Doppler Weather Radars are able to supply a higher quality of data than standard
radars.

But like almost every system, the Doppler Weather Radar has disadvantages as well. These
are of the disadvantages:
 The range of this radar is limited.
 There is a lack of resolution in some situations. This is known as a blind sector.
 The beam of the Doppler Weather Radar does not travel in a straight line. As the
radar beam goes out from the radar it continuously rises in elevation. The radar
cannot detect precipitation or winds below the beam.
 The Doppler Weather Radar requires high maintenance.
In the following paragraph these two systems, AWS and the Doppler Weather Radar, will be
compared.

4.4 Possibilities to integrate the systems
In this section the Automatic Weather Station is compared to the Doppler Weather Radar by
their possibilities and limitations. The AWS can measure the local weather conditions in
different intervals while the Doppler Weather Radar continuously provides long distance
weather conditions. A low maintenance is needed for the AWS, but a high maintenance is
needed for the Doppler Weather Radar.
After evaluating the systems it is concluded to integrate these two systems to provide more
information. All these systems are existing systems. So it is not that complicated for
integration. It only requires some adjustment to the existing systems to make this possible.
To integrate the systems it is necessary to make some adjustments. First, both systems
have to transmit the data to the weather routing companies. Second, a main modem (datalogger) with ports is needed to connect the Automatic Weather Stations, Doppler Weather
Radar and additional products. The modem transmits all data to a Weather Routing
Services. All information will be used for delivering of live update forecasts, alert and more
on a weather chart display. This provides a more complete picture of the weather conditions
in the atmosphere.
This is ideal for autonomous ships, because autonomous navigation requires the most
accurate and reliable meteorological data. Therefor there is more necessity to increase the
amount of observations. To achieve this it requires more vessels equipped with systems
that make observations. The result of the integration is that there will be a new and
innovative system.
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4.5 Conclusion
The aim of this chapter was to answer the following sub question: “How can detection
systems for the weather be used for route keeping?” The desk research resulted in the
following conclusion. Both the AWS and the Doppler Weather Radar have some limitations
and benefits. But by combining these systems it is possible to improve the process of route
keeping.
To go further in the evaluation of the integration of the two systems, by integrating the
systems it is possible to increase the accuracy of the route planning. The new integrated
system improves the weather predictions used for the route planning, because the AWS has
also data from the Doppler Weather Radar.
On the ocean there are few marine observations of the weather, because there is a lack of
weather observing ships. It is not compulsory for all ships to a have a weather detection
system on board.
Evaluations of the Automatic Weather Station and the Doppler weather Radar have shown
that these two systems can be integrated. If all vessel can use this integrated system more
observations can be done. This helps the companies to provide better weather routing
services by delivering live update forecasts, alert and more features route keeping. The
reason is that it comes close to what we are looking for, which is a weather routing for
optimal route and route control.
Although it is concluded that the integration of the AWS and the Doppler Weather radar is
possible, more research is needed.
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5 System integration
In order to complete an autonomous bridge, a combination of the previous chapters is
required. To integrate those systems the idea is to build the system into 3 phases, the initial
phase where raw data is provided, the secondary phase which compiles the data in more
accessible data and combines it in 3 different modules, and the final phase where those 3
modules will be combined in one central computing unit.

5.1 Phase 1
The initial phase is where all different systems will provide their raw data, the raw data will
consist out of:
 Camera and sensor feedback from the advanced sensor module.
 Data provided by the E-navigation system.
 Data collected from the GPS, Glonass and Galilieo systems.
 Measurements of the echo sounder which provides data regarding depths.
 Measurements of the acoustic Doppler system with current information.
 Weather data from the weather measurement systems.
To integrate the other systems more research is required, this has to be done due to the
risk that these systems are either in an early development state or not yet possible to apply
to vessels. These systems are:
 The synthetic aperture radar.
 The bathymetric laser.
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5.2 Phase 2
In the secondary phase data from the systems mentioned above will be combined in 3
different modules. These modules are the collision avoidance module, the locating module
and the weather routing module. Each module will compile the raw data provided in data
which is more accessible and manageable.
5.2.1 Collision avoidance module
The collision avoidance module will be able to compile data which is transmitted from the
Advanced sensor module and the E-navigation system. This data is then stored and
transmitted to Phase 3.
5.2.2 Locating module
The locating module will consist of all necessary systems to provide data about location and
the surroundings regarding depth, currents and all other information required for safe route
keeping. This module has to compile and store information of the Satellite based positioning
systems, the echo sounder and the acoustic Doppler system so a position can be found
using surrounding stationary objects, depth, and land mass.
5.2.3 Weather routing module
In this module all data is collected from the weather measurement systems, this data is
stored, transmitted to phase 3 and can be shown on an integrated screen. This screen will
provide real time visual data to the central computing unit or can be send to a shore based
location.

5.3 Phase 3
In phase 3 all transmitted data provided by the modules will be provided to the central
computing unit. This unit will then be able to calculate, sail and maneuver the ship
according to the amended collision avoidance rules.
In the central computing unit it will also be possible to override one or more modules, this
has to be possible to be able to make manual correction to the system, or if the vessel has
to be taken over by manual control. This is shown in the design in chapter 5.4 in phase-3.
Before the collected data from each sub system in phase two reaches the central computing
unit, the data can be intercepted by the shore controlled base and be manually altered if
deemed necessary. When this is necessary is debatable, each system can be fitted with an
alarm so if the parameters of one system exceed the set value this will trigger an alarm.
This alarm can be transferred to a shore based station so that the person who monitors the
autonomous ship can chose whether or not he/she will act on this alarm.
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5.4 The design
In order to visualize the research, the idea and the concept the following design is made.

5.5 Redundancy
To comply with safety it is required to build this system in a redundant and fail safe manner.
In order to do so all critical components will have several copies on board. This duplicate will
take over the failing system in order to maintain a continuous data transmission. Storage of
all data will also be kept at a backup system which is comparable to the currently used
black box.
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6 Conclusion
Detection is a very important part of (semi-) autonomous sailing. In various projects, like
the Mona Lisa project and Rolls Royce, detection is a big part of the research to sail (semi-)
autonomously. There are a lot of conventional detection systems like radar and AIS, but
they are not good enough to be used for (semi) autonomous sailing. Therefore there is a
need of systems which can provide more information which can ensure the safety on board
of (semi-) autonomous vessels. It is important to have a redundant positioning system
which can prevent collision. Wherefore we need various positioning systems, like GPS and
LPS, which can as well be improved.
Another important part of detection is measuring depths, because it needs to be ensured
that there will be a safe and reliable route when a vessel will sail (semi-) autonomously. The
technology which is used nowadays is laser measurement, which is very accurate to
measure depth.
Safety of the ship and cargo as well is important for (semi-) autonomous vessels. Therefore
we need meteorological data on board of (semi-) autonomous vessels, which can be
provided by an Automatic Weather Station and Doppler Weather Radar. These systems can
be integrated whereby more information can be provided. However it is useful to link this
system with a program which transmits live updates to control the route for autonomous
ships. This can be provided by two general types of operational weather services, namely
Ship Routing and Vessel Performance Monitoring.
All the systems that are discussed in the previous chapters must be combined. To integrate
those systems need to be build in one system. This can be done in three phases which we
discussed in chapter five. In the last phase all data will be provided to the central computing
unit whereby the system is able to prevent any collision with an (semi) autonomous vessel.
In short, detection needs to be improved to prevent any collision with an (semi-)
autonomous vessel. When these systems are combined, they can be used on board of
(semi-) autonomous vessels so they can prevent collision.
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7 Recommendation
There are many areas within the automation that are still blank or need further research.
Though all the necessary systems that are needed to detect vessels, objects, weather and
depth are in place they still require a system that collects and analyses all the data in order
to act on the given information. This issue is addressed in chapter five, were a structure is
put in place for a software to run on. Because of the complexity of binding all these
systems together, we can only speculate on how the organization and structure of these
systems should look like as was done in chapter 5.4 were a design of the integrated system
is described.
Therefore a recommendation can be that further research must go into developing a
software that makes all the received data from the individual systems compatible.
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