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1 Preface
The autonomous ship is an upcoming idea that becomes more and more
interesting for shipping companies, governments and other parties(IMO). But an
autonomous ship also brings a lot of difficulties, technical and communication
problems.
An autonomous ship can be described in two ways: fully autonomous and semiautonomous. In this project, the main choice will be fully autonomous ships and
when necessary will be mentioned when the semi-autonomous ships will be used.
The emphasis of this research will be on the communication problems and
especially solutions. This is because of the fact that technical can be trusted and
do not have a human error but still have to be controlled when the techniques due
to a malfunction fail.
The Rotterdam Mainport University is the organisation and client that gives the
order to make a report of this subject. They are interested in this subject because
it affects their students and school program for educating new and existing
Maritime Officers.
The MUNIN (MUNIN)is a report that already has been published in the order to
improve the future of shipping in an autonomous way. They answered the obvious
questions in order to make a complete picture of the whole idea. Also, in this
project there will be use of this report and will use their calculations when
necessary.
The project group consists of among four members. The project group has worked
very effectively and efficiently as one team. Our gratitude goes out to our tutor
and advisor Mr. Blankenstein.
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2 Management Review
Interconnectivity means to combine all components of information to one failsafe
and redundant system. In order to do this field and desk research have to be done
to give a description about a recommended failsafe and redundant communication
system. The main question of the research project is: ‘How can a reliable and
failsafe interconnection be established between ships and ship-shore applicable
for autonomous sailing?'
Digital Communication Services
Nowadays information is sent by a variety of communication services. AIS or DSC
(Digital Selective Calling) are used for digital communication between ships. The
information transfer between ships is limited to: search and rescue information,
voyage information, ship details and short messages. In the future, unmanned
vessels will be equipped with HD-video cameras for remote operators on shore.
With the advent of Fleet Xpress, it became possible to stream HD-videos from ship
to shore.
Maritime Cloud
The Maritime cloud is an existing system that combines all the existing navigation
systems to one application. This application is better manageable for the operator.
But to integrate this in an autonomous vessel various upgrades and adjustments
have to be done. The messaging system is the key component for this problem.
It consists of MMS (Maritime Messaging Service) that will convert data and
messages to the cloud so that every involved party can collect the data for itself.
Existing systems
The existing systems can be integrated to one system combined with the maritime
cloud. ABB monitoring system can read technical data of pumps, engines,
thrusters and more. TRANSAS (ECDIS fabricator) makes use of a program to
update all charts, record fuel consumption, track recording, ETA calculation, deny
bridge orders and accept them. Rolls-Royce has an Advanced Sensor Module that
has an overview of the situation in semi-autonomous sailing and autonomous
sailing for detection. All these programs together can be combined in one system.
The communication link between ship to shore can be established by Fleet Xpress.
Fail-Safe data connection
The interconnection between two ships will be done with AIS and additional
software. This system will be made failsafe with Maritime messaging service. This
way there will be always a backup communication system to communicate
between ship and shore in critical moments. Communication between an
autonomous vessel and a operation control centre is setup in an private
“conversations”. To get an interconnection between ship and shore, two different
systems from Inmarsat will be used. Fleet Xpress is a new system of Inmarsat
with worldwide coverage and has a connection of 5-50 Mbits.
Recommendations
The main recommendation is to do further research to implement AIS
communication service onboard autonomous vessels, deeper research should be
done to improve data exchange between two and more AIS stations.
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3 Introduction
3.1 Problem description

In the shipping industry, there is a lot of talk about autonomous sailing. Studies
as the MUNIN project (MUNIN, MUNIN, sd) have investigated the feasibility of
unmanned, autonomous merchant vessels. During unmanned operations, the
vessel will be controlled by an automatic system informed by onboard sensors.
The definition of an “autonomous unmanned vessel” in MUNIN and in this project
will be described as a vessel with two levels of autonomy.
The two levels that are combined in an autonomous unmanned vessel are:
•
•

Remote control, the vessel is controlled via a remote control mechanism
operated by a shore-based operator.
Automatic control, the vessel uses advanced decision support systems for
safe autonomous sailing.

To maintain efficiency and safe autonomous sailing, reliable communication is
needed. Reliable communication is needed for continuous monitoring of
unmanned vessels. During autonomous sailing the required data use is low, but
in unexpected situations, a high capacity data service may be needed. Therefore,
an autonomous vessel always needs a reliable communication link. There are a
large number of communication services available for manned and unmanned
vessels, but not all are relevant and reliable for safe autonomous sailing.
Issues like disturbances in the communication signal, malfunctions of the
communication system, global coverage and high communication costs make
reliable communication for autonomous unmanned vessels a challenge.
Furthermore, communication security is a big issue for a reliable communication
link. Pirates could conceivably use security holes in command data links to hijack
ships and intentional jamming could lead to serious accidents.

3.2 Problem definition

Currently, there is no reliable communication architecture for autonomous
unmanned vessels.

3.3 Objective
The objective of this research is to give a conceptual design of a failsafe reliable
interconnection between ships and ship-shore. A description will be given about
the use of the maritime cloud as a communication link.

3.4 Main question

The main question of this report is: How can a reliable and failsafe interconnection
be established between ships and ship-shore applicable for autonomous sailing?
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3.5 Sub question
1. What kind of digital information is transferred between ships and ship –
shore?
2. How can a maritime cloud be used to transfer information between ships
and ship – shore?
3. How can the cloud be standardized for all vessels, autonomous and nonautonomous, all over the world?
4. How can the data connection between ships and ship-shore be made
failsafe?
To answer these sub-questions qualitative and quantitative research has been
done.
In this report, all sub-questions will be answered in separate chapters. Eventually,
a concept will be developed to make the interconnection between and with
autonomous ships.

3.6 Interconnectivity

Interconnectivity means a reliable failsafe connection link between ships and ship
shore.
The idea is to make the interconnection between ships and between ships/shore
happen with the use of a cloud. The Danish maritime authority has already
invented a maritime cloud (Danish Maritime Authority, n.d.).
All ships will send data to the maritime cloud and extract data from the maritime
cloud.
Ships will communicate via the cloud and share information this way. Because the
ships are autonomous, the control centre and traffic centres also have access to
the cloud.
The information uploaded by the ships has to be in a predefined and standardized
data format so other ships can read it.
If two ships are passing each other at a critical distance, a direct link has to be
created. This way two autonomous ships can communicate without being
interrupted by other data traffic and will set up a plan to avoid a collision.
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If something goes wrong with the system on the ship, it can set up a direct link
with the control centre. This way, if necessary, the control station can take over
the control of the ship and can fix the system remotely.
This direct link will be different from the direct link that is used for ship to ship
communication. This direct link will be created by a satellite connection and
connect the ship with the control centre on shore.

Figure 1
3.1 The maritime cloud?
The definition of the “maritime cloud” in this research-project is described as: “a
proposed technical framework enabling efficient, secure, reliable and seamless
electronic information exchange between all authorized maritime stakeholders”
(Borap, 2015).
The maritime cloud will be like Apples ICloud and Windows OneDrive, but it has
to be safer and more advanced. The Cloud is stored on servers all over the world.
If one server fails, another takes over just like the internet.
The cloud will be divided into areas so ships will only get the information that is
applicable for their area.
The cloud has to be failsafe and heavily secured, so it is safe to use the information
for navigation.
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3.7 The maritime cloud
The definition of the “maritime cloud” in this research-project is described as: “a
proposed technical framework enabling efficient, secure, reliable and seamless
electronic information exchange between all authorized maritime stakeholders”
(Borap, 2015).
The maritime cloud will be like Apples ICloud and Windows OneDrive, but it has
to be safer and more advanced. The Cloud is stored on servers all over the world.
If one server fails, another takes over just like the internet.
The cloud will be divided into areas so ships will only get the information that is
applicable to their area.
The cloud has to be failsafe and heavily secured, so it is safe to use the information
for navigation.
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4 Digital communication services
4.1 Introduction

In this chapter, the answer is given to subquestion 1: "What kind of digital
information is transferred between ships and ship-shore?" For this subquestion,
quantitative and qualitative research has been used.
The quantitative research will contain an estimated value of the needed bandwidth
and bytes. For the qualitative research, information has been gathered to find out
what kind of information already is being transferred between two parties. To get
an answer to this question field and desk research has been done.

4.2 E-navigation

Digital information exchange becomes more and more important to ensure safe,
secure and efficient maritime transport. Another important driver is crew welfare.
Technical and administrative operations are becoming more reliant on continuous
digital communication with shore parties.
To harmonize and enhance navigation systems a concept called E-navigation is
led by the IMO. "E-navigation is expected to have a significant impact on the future
of marine navigation. The IMO has mandated that this initiative is led by ‘user
needs'" (Institute, 2016).
E-Navigation is defined as: “the harmonized collection, integration, exchange,
presentation and analysis of maritime information onboard and ashore by
electronic means to enhance berth to berth navigation and related services, for
safety and security at sea and protection of the marine environment” (Institute,
2016).

4.3 Existing digital communication services

This section gives a description of existing digital communication services that are
frequently used onboard of merchant ships.
The most common way to set up digital communication between ship to ship is by
DSC-Digital Selective Calling or by AIS (Automatic Identification System).
DSC-Digital Selective Calling is a digital communication mechanism on MF/HF and
VHF marine radio systems. “A DSC message is a brief burst of digitized information
transmitted from one station to alert another station or stations” (Dunstan and
Associates , sd). Commonly DSC messages are used between ships and ship-shore
to set up radio voice calls.
Automatic Identification System (AIS) is a digital communication link that
electronically exchanges digital information between all AIS-equipped vessels. AIS
messages are repeatedly broadcasted by an AIS transponder onboard the vessel.
Vital information about the vessel is broadcast by the vessel such as name, type,
position, course, speed, navigation stats, dimensions, or type of cargo
(W.Wessner, 1999).
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AIS transponders automatically exchanges digital information between all AISequipped stations, within a VTS area information is exchanged between all vessels
and the shore-based Vessel Traffic Centre (W.Wessner, 1999).
NAVTEX
Close to shore digital communication between shore to ship is commonly set up
by NAVTEX services. NAVTEX "is an MF or HF based narrow band direct printing
system transmitting nautical warnings to ships” (Ørnulf Jan Rødseth, 2009).
NAVETEX massages contains typically information about weather forecasts,
navigational dangers and search and rescue information.

4.4 Inmarsat services

Inmarsat services make use of a global satellite system, covering the world from
70° North to 70° South. The organization was established in 1979 by the
International Maritime Organization (IMO). The goal of the project was to connect
all vessels in ocean transits to the shore to enable ships to contact and alert shore
based rescue coordination centres. When Inmarsat became a private company in
1999 (Inmarsat, sd).
Inmarsat provides a wide portfolio of communication services for operational
communications and safety services.
For safety services Inmarsat provides GMDSS-approved satellite communications
systems. They are:
•
•
•

Inmarsat B
Inmarsat C and
Inmarsat 77

Approved GMDSS Inmarsat terminals are equipped with a dedicated distress
button. By pressing the button, a distress message is sent with the highest priority
over the Inmarsat network and is automatically routed through a Land Earth
Station (LES) to the closest Maritime Rescue Coordination Centre (MRCC) on
shore. A distress alert contains the following information (Inmarsat, sd):
•
•
•
•

Ship name and identification number
Last known position (position from connected GPS or manually entered by
operator)
UTC time last known position
Nature of distress

The following paragraphs give a short description of existing Inmarsat satellite
communication services.
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Inmarsat-B
Inmarsat B provides two-way-dial voice, fax, and telex at rates up to 9.6kbs. “The
legacy Inmarsat B service, which operates on the Inmarsat-3 satellite network,
will be closed in December 2016” (Inmarsat, sd).
Inmarsat-C
Inmarsat C provides digital communication service, messages containing text or
numeric data are converted to a digital format. Inmarsat-C makes use of Storeand-Forward messaging. A message is prepared and stored in the Inmarsat-C
terminal before being transmitted over the system. A transmitted message is sent
in a series of date packets to an Inmarsat-C land earth station. The message
received by the land earth station is transmitted through a national/international
telecommunications networks. Voice communication is not possible through the
Inmarsat-C network (Inmarsat Customer Services, 2002).
Inmarsat fleet 77
Inmarsat fleet 77 provides voice communication and mobile Integrated Services
Digital Network (ISDN) up to a data rate of 64kbps. Fleet 77 meets the GMDSS
standards for voice communication (Inmarsat, sd).
For crew welfare and operational communication services Inmarsat provides:
FleetBroadband, Xpresslink, and Fleet Xpress.
FleetBroadband
Fleetbroadband provides dependable, seamless voice and broadband data
coverage. Inmarsat provides 3 types of data stream capabilities and antenna
sizes, they are (Inmarsat, sd):
•
FB150 (up to 150kpb data stream)
•
FB250 (up to 128kpb data stream)
•
FB500 (up to 432kpb data stream)
XpressLink (Broadband)
XpressLink offers high-speed broadband up to 768Kbps (Inmarsat, sd).
Fleet Xpress (Broadband)
Fleet Xpress offers high-speed broadband up to 50Mbps. Fleet Xpress make use
of the new Inmarsat’s Global Xpress Ka-band technology combined with the
proven reliability of Inmarsat’s FleetBroadband L-band service as a backup system
(Inmarsat, sd).

12

Interconnectivity

Fleet Xpress allows real-time analysis of data, including engine monitoring,
weather information and fuel consumption rates, ideal for unmanned ships. Global
bandwidth is ensured by Inmarsat (Inmarsat, sd). ABB Group makes use of an
Integrated Operation Centre on shore to remotely monitor and troubleshoot
critical shipboard equipment, section 2.5 describes more about this topic.
General applications of Broadband services
•
•
•
•
•
•
•
•
•
•
•
•
•
•

ECDIS chart updates
Digital voice call
Telephony
Crew welfare – Chat
Database synchronization
E-mail
Internet access
Intranet access
Notice to Mariners
Remote monitoring and maintenance
Vessel routing/weather updates
Safety red button
Store and forward video
Video conferencing

4.5 Remotely monitoring systems

ABB Group makes use of an Integrated Operation Centre to remotely monitor and
troubleshoot critical shipboard equipment on systems on board vessels throughout
the world. The system makes use of satellite links to sensors on board vessels.
The Remote connection is handled through the ship’s satellite communication link
such as Inmarsat. The recommended bandwidth is 512 kbit/s (Nautilus
International , 2016).
“The Integrated Operation Centre fits into the ABB’s marine Integrated Operations
concept which utilizes the Internet of Things Services and People (IoTSP) to
connect ships, their owner's technical headquarters, and ABB's support
departments. Through the IoTSP, ABB is able to monitor many of the ship’s critical
equipment and its key parameters” (ABB, 2015).
Internet of things is basically connecting devices to each other over the internet.
Things are fitted with ABB technology and connected with the use of ABB Internet
of Things Services and People (IoTSP). By use of cloud computing people and
things can communicate with each other, even things collaborate with each other.
(ABB, 2015).
ABB engineers can connect to ships fitted with ABB technology with the use of
ABB Internet of Things Services and People (IoTSP). Key parameters of critical
equipment such as ABB Azipods are monitored. ABB can notice and inform crew
about issues in ABB Systems sometimes even before the crew notices them
themselves. (ABB, 2015).
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4.6 Use of existing communication links for unmanned vessels

According to Mr. Jan-Martijn Teeuw Commercial director Soltegro (personal
announcement, June 7, 2016). The minimal required data streams for HD videos
is 10 Mbps and for radar images 200-300 Kbps.
Fleet Xpress offering a high-speed broadband up to 50Mbps is ideal to implement
on board unmanned vessels. The general conclusion from the MUNIN study
(MUNIN )is that: for ship control and monitoring at high seas a data speed of <
4Mbps is needed. The main disadvantage of the Fleet Xpress K-Band is rain fade.
“The wavelength of rain drops coincides with the wavelength of K-Band causing
the signal to be attenuated during rain showers. This can be overcome by
transmitting extra power” (Latarche, 2016). For a more reliable communication
link, the K-band terminals will be paired with Inmarsat Fleet Broadband (L-band)
terminals as a backup during rain fade conditions. This will cause lower data
stream capabilities during disturbances.
To set up a direct communication link between ships AIS or Digital VHF (DSC) can
be used. Even a VHF voice call can setup. A shore-based operator can log in with
the use of a satellite communication to set up a voice call between the vessels.

4.7 Conclusion

Nowadays information is sent by a variety of communication links. AIS or DSC
(Digital Selective Calling) are used for digital communication between ships. The
data stream from ship to ship are relatively low. The information transfer between
ships is limited to search and rescue information, voyage information, ship details
and short messages.
Ship to shore communication is set up by NAVTEX, AIS, and Inmarsat services.
The most common information transfer between ship to shore is navigational
warnings, weather forecasts, search and rescue information, internet access and
ECDIS chart updates.
With the advent of broadband services, it became possible to remotely monitor
and troubleshoot critical shipboard equipment on board vessels throughout the
world. Nowadays critical parameters are monitored on board as well as on shore.
In the future, unmanned vessels will be equipped with HD-video cameras for
remote operators onshore. With the advent of Fleet Xpress, it became possible to
stream HD-videos from ship to shore.
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5 The maritime cloud

The maritime cloud started as a project by the Danish maritime authority. The
project was part of the e-Navigation process. The maritime cloud is a technical
framework, see figure 1, invented to increase the efficiency on the bridge. The
maritime cloud introduces a lot of new advantages like: secure, reliable and a
stream of seamless electronic information between all authorized maritime
stakeholders like ship to ship or ship to shore information streams. The core of
the maritime cloud consists of three key components:
1. maritime service portfolio registry
2. maritime identity registry
3. maritime messaging service

Figure 2 maritime cloud framework (Danish Maritime Authority, sd)
The maritime cloud is part of the e-navigation, the definition of e-navigation is:
‘the collection, integration, exchange, presentation and analysis of marine
information on-board and ashore by electronic means to enhance berth to berth
navigation and related services for safety and security at sea and protection of the
marine environment.’
(borup, 2015)
IMO describes e-navigation/maritime cloud as a need for a communication
infrastructure providing authorized seamless information transfer on board ships,
between ships, between ship and shore and between shore authorities. (IMO, sd)
Before the sub question ‘How can a maritime cloud be used to transfer information
between ships and ship – shore?’ can be answered, it has to be clear what kind of
information is available in the cloud as well as the connection between the cloud
and the authorized stakeholders.
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5.1 Maritime Service Portfolio Registry
(Borup & Nielson, 2015) “The Maritime Service Portfolio Registry (MSPR) is a
registry that contains service specifications according to a standard.” The MSPR
improve the visibility and accessibility of maritime information. This makes it
possible for providers, consumers, and authorities to share on service standards
and provisioned services. Note that the service registry does not provide maritime
information but a specification of services and the information they carry, and the
technical means.
So the MSPR enables the ‘provider’ to ‘publish’ information related to its service
instances so that the ‘consumer’ is able to discover them and obtain everything.
In figure 2 the construction of the ‘network’ is showed.

Figure 3 (Confluence ) (Borup & Nielson, 2015)
Within this subject, there are a lot of users. These users have been converted to
the following table.
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Role

Description

Service
specification
producers

Producers of service specifications in accordance with the Service Specification Standard
All users within the maritime domain can specify services but specifications will have
different approval levels defined by the approval regime the service specification has gone
through. This ranges from no approval to approval from recognized organisations such as
IMO, IHO (S-1xx) and IALA (S-2xx).

Service
specification
implementers

Implementers of services from the service provider side and/or the service consumer side.
Everybody could be service implementers but often it will be commercial companies
implementing solutions for shore and ship.

Service
specification
administrators

Administrators handling the life-cycle of service specifications e.g. adoption, retirement,
etc.
The issuer of a service specification will be the owner and administrator of the
specification

Service
provision
administrators

Administrators handling the life-cycle of service instances
The provider of a service instance will be the owner and administrator of the instance

Service
providers

Provides instances of services according to a service specification
All users within the maritime domain can be service providers, e.g. authorities, VTS
stations, organizations (e.g. meteorological), commercial service providers, etc.

Service
consumers

Uses service instances provided by service providers.
All users within the maritime domain can be service providers, e.g. authorities, VTS
stations, organizations (e.g. meteorological), commercial service providers, etc.

(DMA, 2015)
Service administrators can upload a different kind of service specifications. This
could be commercial service providers or regional authorities. In this scenario, the
registrars are the owner of the specification. When a specification is made in the
server an administrator can handle the lifecycle of the specification. The service
consumers can use the applications and specifications of the service.
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5.2 Maritime identity registry
(DMA, sd) Normally the identity of a ship is addressed by ship names and IMO
numbers. By use of communication systems, ships are identified by call signs,
MMSI numbers or system specific numbers like AIS. The operators of this kind of
systems can upload every statistic, whatever they like. By using the Maritime
identity registry, it is not possible to change the given information. Other users
know for sure the given information is correct. The maritime cloud will provide an
account for the maritime identity registry that’s enabling access to:
-

certificates in a public-key-infrastructure that
communication with other maritime stakeholders.
The maritime service portfolio registry
The Almanac
The Maritime messaging service (MMS)

enable

secure

data

All actors can link their own information to their account, like VHF working
channels, e-mail, phone, IMO number, MMSI number etc. All this information is
now easily available to another user of the maritime cloud. It is not only easy for
ship to ship but also for SAR teams to upload or download information to the cloud,
also VTS and port authorities can use the information for the cloud easily.
(Nielson, 2015) During the development of autonomous sailing, it could be very
useful to use the maritime registry information. On board of an autonomous
vessel, there is not an officer that can tell authorities or another seagoing vessel
the intentions of the ship. So there needs to be something to communicate the
intention of an autonomous ship. It could be very easy for a non-autonomous ship
and authorities if all the information about the autonomous ship is available in one
maritime cloud. In the cloud, it would be possible to upload all the information
like port of arrival, speed, intentions, ETA, ETD, etc.
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5.3 Maritime Messaging Service (MMS)
The messaging service is intended to ensure a seamless information stream across
different communication links.
Within the maritime cloud, the messages will be based on an internet connection.
Alternative communication services will be connected to a utilized messaging
service via gateways. When a ship sends a message by Inmarsat via the maritime
messaging service to another ship, an Inmarsat connection for the receiving vessel
is not necessary. It will receive the via another dataconnection like a HF or VHF
link. The chance that the message will arrive is greater than before. By using this
system, the maritime cloud will guarantee a seamless information transfer
between actors. So the mean of gateways is: “using different types of
communication systems to reaches data to the receiver.”
MMS will also read the situation for each message, like capabilities, bandwidth,
the size of the data et cetera. So when a maritime actor wants to send a message
to another ship not within range for a communication link or a group ships, the
MMS will ensure a delivery across whichever link is available for each ship(s) or
actor individually. The MMS is also a storage place when a ship has temporarily
no active communication link if the ship is connected again to the MMS the MMS
will send the message instantly.
To use the MMS, a continuous connection is required. The vessel that want to send
a message knows via this connection what kind of data link is open by the receiver.
This connection is also for geographical awareness of the positions of the vessels.
To guarantee the positions awareness it is possible to add an extra supplement
like AIS. If the positions of other actors are available, then it is possible for actors
to broadcast or broadcast an area around their own position. For vessels engaged
in offshore or fishing activities that require a wide berth, for example 3 NM, it is
possible to broadcast continually a message for each ship which is entering the 10
Nm area around the vessel. By using the area broadcast system the incoming
massage will be less, so the navigator will only receive the relevant messages.
(Borup O. B., Maritime Messaging Service, 2015)
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5.4 The Almanac
(Borup O. B., Maritme cloud almanac, 2015) “A concept in the Maritime cloud is
the Almanac. It is an offline version of the public parts of Maritime Identity
Registry and Maritime Service Registry”. It will function like a ‘phonebook'. Users
can easily look up MMSI number, VHF working channels, email addresses, phone
numbers or other contact information for VTS centres, ports or other ships. For
autonomous and manned ships, it is a very fast and easy way to prepare the
voyage for reporting systems and port authority which may be contacted during
the voyage. This means that there will be a lot of registered maritime actors and
services. This system allows offline use of a central framework services like service
discovery and secure communication. The almanac will limit the need for mobile
actors to search online for contact information.
The almanac:
Bandwidth: The almanac has to be a small file to make sure it can be downloaded
easily.
Updates: the updates need to be available without downloading the whole
almanac again.
Security: the information uploaded to the almanac needs to be valid
Version: there needs to be only one version of the almanac, also actors need to
be able to download de latest version of the almanac from other actors.
For autonomous ships, it is hard to find information about ships because there are
no operators on board to look up the contact information for a specific ship or VTS.
So there needs to be a way to automatically find the information if an autonomous
ship combines the MMS and almanac to create an area with a range of 20 Nm for
example. Every ship that enters this area broadcasts automatically its info to the
autonomous ship as well as Vessel Traffic Systems. The autonomous ships have
now all the necessary information available for the planned voyage.
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5.5 Conclusion

Maritime Messaging Service (MMS) is very useful to send information to ships, a
group of ships or a specific area. Normally the information stream from the cloud
will be based on an internet connection. Alternative ways to send information via
MMS is also possible by using gateways like HF, VHF and AIS, this could be used
if there is no internet connection available for the receiver of the information. By
use of the gateways the receiver will receive the massage by means of a ship
nearby the receiver, that do have an internet connection.
If the information is sent to the MMS, the MMS will look for an other way to send
the information to the receiving vessel. Normally this is based on an internet
connection. But if there is no internet connection available for the receiver, the
MMS will look for another way to deliver the message. It is possible that the
receiver is out of range, then the message will be send via an other ship to the
receiving vessel, by using their connections until the receiver is in range. If there
is no connection at all the MMS will function as a prioritized store-and-forward
queue of messages.
To find the contact information for stations and other ships the user will use the
maritime almanac, which can be used offline.
Ship to shore
To sent information from ship to shore or vice versa, the connections can be used
the same way as ship to ship data transfers. For example, the office can send a
message to the fleet by using MMS.
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6

Standardization for the use of the
cloud

6.1 Implement the cloud for autonomous sailing

The understanding of the ‘Maritime Cloud’ is explained in the previous chapters.
The application of the maritime cloud in autonomous sailing is a different thing.
The maritime cloud is an application for manned ships therefor adjustments are
needed.
Initial, there is the application of the maritime cloud. The application is to send all
the maritime information to the ship, furthermore it must be easy to control for
one person on the bridge. When a ship is sailing autonomously or semiautonomously the information has to be sent to the control room, or processor of
the ship. When the processor of the ship is mentioned, it is referred to ‘the internet
of things’ (ITU, 2015). If there is a possibility the ship itself could assimilate the
information and process it to a solution, if there are errors or uncertainties the
operator has to receive this information and make his actions clear to the
autonomous ship. Thus this ‘error’ will be more explained in the coming chapter.
To do this for the remote control station there is a specific amount of available
megabytes needed, this is to up-/download the certain information to the ship and
vice versa. Some companies already work with a data collection from their
apparatus on board and send this information to shore. ABB is one of these
companies. One of this explicit examples is the Remote Access Platform also
announced as RAP. This RAP is a platform where the fabricator/operator can check
the functioning of the system. ABB has produced this system for her pumps et
cetera. They state:
‘RAP is a web-based application in the client/server architecture. Its main
components are a RAP Service Centre (SC) and RAP Site Servers (Virtual Support
Engineers or VSE). The Service Centre (SC) is managed and operated globally,
while VSEs (SC agent applications) are installed on ABB customers' locations, such
as RDS4Marine computers onboard the ship. VSEs will connect to RAP SC and send
reports on the diagnosis performed on installed ABB equipment.' (Alf Kåre
Ådnanes LBU Manager Marine and Cranes)
VSE can communicate to the Service Centre using one of the communication
methods:
 HTTPS – encrypted connection via Communication Server (default option).
Only this option allows Remote Access activities.
 Manual – offline method. Data transfer between Service Centre and VSE
has to be done manually (e.g., the use of USB).
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Additionally, from the Control Panel in the VSE User interface – it can be switched
to the offline mode. Then, no data is transferred to the Service Centre.
There can be concluded that this text above is jargon, but the basic principals of
the system can be read out. To clear the confusions ABB has also made a figure
of the system (see figure 4 on the next page).

Figure 4 (RAP)
The principle of ABB is outstanding but only concerning the engine room. To make
a ship fully autonomous the complete ship has to be ‘online' and has to be read
out/controlled. That is why ABB's product possibly can be used for the main engine
and other technical systems. According to the ABB report/statement, ABB is
already working to display all the technical features of the main engine, bow
thruster, diesel generator and gear box. This is a big step but figure one shows
that all the data was sent to a (secured) satellite. In the ABB report was not stated
what the available megabytes are, what the bandwidth of the signal is and what
kind of satellite is used.
The ECDIS is already a known system which covers coastal areas with short outand in-coming radio signals. The ECDIS system works on the same antenna as
the VHF antenna. So there can be assumed the coverage of ECDIS is limited to a
specific range (nautical miles) from of the shore. However, TRANSAS has a new
system that also covers the limited areas and makes it possible to track a ship or
fleet. They call it ‘FleetviewOnline'.
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The system is operating on the INMARSAT-C, Inmarsat Mini-C and Fleet
Broadband terminal as well. Within this FleetviewOnline there are multiple key
features, the enumeration is stated in the following subchapter 6.2.

6.2 Fleet tracking

Fleet







tracking key features:
Position report frequency from daily to every 10 minutes
On-demand polling and frequency re-programming
Display track history in graphical overlay or tabular format
Animated track history using PlayTrack
Position reports forwarded in email / HTML / NMEA formats
Voluntary forwarding of position data to AMVER search and rescue system
tracking via Inmarsat, FleetBroadband or AIS sources.

6.3 Chart and Data Management Online

Chart and Data Management Online (CDMO) is a secure portal where shipping
companies can see useful information about digital services in use on each fleet,
such as costs, expiry dates etc. The customer can also determine their level of
involvement in the ordering process for charts and data services. If preferred, all
or a selection of orders can require their approval before delivery on board,
allowing the price and geographical coverage of an order to be viewed before
approval.
For vessels using Transas Pay As You Sail (PAYS), a quick and informative
overview is given within CDMO, showing the exact track of the vessel along with
daily charts usage. (TRANSAS)
CMDO, key features:
Chart usage
Chart costs
Chart expiry dates
Approve orders
View PAYS tracks
View PAYS reports
A fact is that the reports/projects are based on manned ships, but some of the
features are also usable for autonomous ships. For example (in case of CMDO)
there can be orders to be approved from a control station or by an operator.
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6.4 Ship security
The FleetView Online ‘Alert’ service manages a vessel’s ship security system. At
the same time, it is meeting all requirements of SOLAS chapter XI-2/6. Within this
system monitoring, testing and updating any SSAS (SQL Service Analyses
System) system is fully managed through the intuitive user interface.
FleetView Online also supports SSAS management not only using Transas
equipment, but also a wide range of SSAS terminals from various manufacturers
and so for it is more usable to every player in the market – even Inmarsat-C
hardware can be configured to allow all SSAS information to be updated via
FleetView Online. For the final product this is an essential key-feature.
The programme is secured with a HTTPS protocol and password protected
accounts, you can be certain that FleetView Online will protect the ships sensitive
security data 24/7. (Transas)
Ship security, key features:
•Manage all SSAS-equipment via a single user interface
•Update all vessels & alert information instantly via Fleetview Online
•Up to three years historical log SSAS tracking/reports.
•SSAS alerts forwarded to email/fax/SMS/telex.
•Test/Live SSAS alerts can be routed to different locations.
•Again there can be said that not every feature is usable for autonomous sailing,
but when all of this single piece of data would be sent to a control centre. For
example, an alternative route could be made.

6.5 WAVE, fuel efficiency monitoring

‘Transas Wave provides automated monitoring of vessel fuel consumption and
voyage information, allowing users to analyse and optimise fuel usage. Wave
connects multiple flows, navigation and control sensors, providing a detailed
picture of vessel performance and historical data analysis.’
This online presentation of performance data in a graphical and numeric form will
be presented for each vessel. Therefore, it is possible to monitor the fleet and
vessel performance with the possibility to set performance indicators like
ETA/average speed/consumption (kg/nm) for the voyage.
Also, it is possible to record and present historical data up to 12 months (standard)
for analyses and comparison of different trips and ships.
This vessel then has his own dashboard for easy monitoring of the fleet
performance.
Especially the WAVE programme is usable for autonomous sailing. From this
system, the fuel consumption can be managed. Because of the meteorological
circumstances not all the possible fuel consumptions can be compared. For
example, each storm or bad weather creates an other fuel consumption with its
own characteristics. With a crew on board (officers) there could be a daily report
that can specify the conditions of the sea. Therefore, it would be possible to tell
why there is more fuel consumption.
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Furthermore, TRANSAS also built a PIRACY INFORMATION OVERLAY that will give
information about the daily new and latest global news about piracy. It is a nice
addition to the autonomous ship, also the control centre that manages all the
autonomous ships could use this to compare the positions with the latest news.
For now, for now is discovered that there are multiple existing systems that
already give the coverage in terms of information. Still, the question “how to
control the complete ship and what the application will be?” has to be answered.
The MUNIN report also tells about an Advanced Sensor Module (ASM). The MUNIN
connects it with multiple other systems that are already invented. The ASM is a
module that gives the operator/ the ship itself (in the way of autonomy) a live
view of the situation outdoors. This makes it also possible to make up the
conditions of the sea and weather conditions outdoors.

6.6 Advanced Sensor Module

On an unmanned ship, sensors and sensor data processing are replacing the
perceptions of the officer of the watch and thus are critical elements in the
realization of autonomy. The Advanced Sensor Module is responsible for object
detection and classification and environmental perception. It uses input data from
infrared and visual spectrum cameras as well as radar and AIS data to detect
objects and determine if they are a danger to the ship or if they need to be
investigated further, e.g. to identify life rafts, flotsams or dangers to navigations.
It maintains a proper lookout for ship traffic, obstacles and monitors the
environmental conditions in the vicinity of the ship. Further, the system collects
and assesses data from navigational, meteorological and safety sensors to build a
local map of objects and potential hazards.
Thus, data from multiple sensors are collected and fused to reduce overall
uncertainty and improve the quality and integrity of the so-called world perception
model. This overall perception is used as a basis to determine appropriate actions
under the prevailing conditions. Sensor information is mainly used by the
autonomous Deep Sea Navigation System but is also presented on an integrated
situation display in the Shore Control.’ (MUNIN, Unmanned Ships in Autonomous
Sailing )
Furthermore, the MUNIN has already made an initial program/idea about Remote
Manoeuvring Support System that is based on hard manoeuvring routes/
manoeuvring situations. Thus, they made already more progression in the case of
the usage of megabytes to fulfil the requirements.
They state:
MUNIN is focussed on a deep sea voyage, thus satellite communication is the main
communication channel.
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Today available satellite communication links and bandwidth limits: Inmarsat 432
kbit/s:
Global Xpress 5-50 Mbit/s
Iridium 134 kbit/s
VSAT Intelsat 4 Mbit/s
Challenges: Not all the systems provide global coverage. Furthermore, signal
transit has to endure much disturbances.
Possible communication systems for the unmanned ship:
Main communication channel: at least 4 Mbit/s needed (e.g. VSAT)
Backup channel: at least 128 kbit/s needed (e.g. Inmarsat or Iridium)
Dedicated and independent rendezvous communication channel
Mobile 4G or 5G networks should be available in many areas and this gives a high
capacity and high-reliability communication link for direct remote control.
Another similar alternative would be to use an escort ship to shepherd the
unmanned ship into port from some offshore operation. This is more costly but
could be relevant in situations where shore-based infrastructure is less developed
or where the direct control needs to go over longer periods, e.g., a transit through
the English Channel or the Straits of Malacca and Singapore. Also, the idea to
control the ship by bridge personnel is a possibility.
But when a guiding vessel will be used, this will require the same dedicated line
of sight communication as described above, but it would probably be implemented
by e.g. direct radio link with microwave technology in this case.’ (MUNIN, Satellite
Communications ).
After scanning this chapter there can be concluded that for the communications a
4g/5g communication is needed where it is possible. Inmarsat is now working on
a new system that is named Global Xpress. This same system is used for the USS
government to control military drones. So there can be stated that this system
could be used also to control ships on remote. Inmarsat already launched three
satellites in the past years. This year they expect to launch the other fifty percent
of their satellites. The program on the satellite launching can be found at the
website of Inmarsat itself.
The project group thinks that after field-research concerning ABB, TRANSAS,
MUNIN and Inmarsat a good combination of networks could be made and
established by one single program.
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Figure 5
6.7 Conclusion

After chapter six there is concluded that the ideal communication part of existing
systems within autonomous ships consists of the ABB program RAP (Remote
Accespoint Platform), the Advanced Sensor Module from Rolls Royce and
components of the Fleet Tracking program of Transas. All the programs have their
own individual role in the system.
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The RAP will control and observe the technical parts of the ship, especially the
engine room and propulsion. This can serve as the main system and will get an
own part in the coded data that will be sent in the future.
The Advanced Sensor Module of Rolls-Royce is a key component for both of the
processes. It is figuratively the eyes and ears of the ship. This is to overview the
situation in busy areas. Also the sensor will cover the autonomous part with
detecting objects and send this in a code.
Transas and her Fleet Tracking program will cover a part of the bridge control
together with eventual new ‘E-Navigation'. This system gives an overview of all
the constant tracks from a distance.
All the components will be combined to one code and sent to a maritime cloud
that works on the discussed FleetXpress programme. This FleetXpress also has a
backup system; Fleet broadband and will backup it two times with Xpresslink.
All these components together would make a good and intelligent program that
will form a good progress to develop the autonomous ship.
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7 A failsafe data connection between
ships and ship - shore.
7.1 Ship to ship

There are some moments that the communication will not take place via cloud.
The critical moments will be the moments when an extremely high reliability is
required. The cloud will not meet this high standard for this situation. The direct
link is only required when agreements between autonomous ships have to be
made and when a wrong outcome of these decisions would be catastrophic.
The ships will create a direct link between them. This direct link is essential to
make sure no other ships will interfere with the communication between the
critical moments.
Also, a direct link will be used to take over the control over the ship by the
command centre. The direct link from the command centre is established via
satellite. The direct link between two ships is established via AIS.

7.2 Ship to shore

When the autonomous system fails on board of the autonomous ship, the
command of the ship has to be taken over by the command centre. The vessel is
always reachable for the command centre. There are two systems on board, one
for autonomous and one for remote communication.
The command centre will have access to all the controls and video.
The information has to be sent directly to the command centre, this will be done
with a direct link. This link will be created via the Inmarsat fleet Xpress. To make
this system failsafe, Xpresslink will be used.
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7.3 AIS: the system
AIS means Automatic Identification System. This system sends and receives
messages over the VHF. Nowadays ships send information about their speed,
heading, destination, cargo etcetera.
The AIS distinguishes vessels by their dynamic positions. The faster a vessel is
moving, the more frequently a message is sent.
Table 1 shows how frequent a message is sent. When two autonomous ships
communicate it will be done with a time interval of two seconds. The consideration
to make the time interval this short is that on normal vessels an officer of the
watch is on the bridge. The officer can make bearings and can take action by good
seamanship and by his education. Two autonomous ships are not able to do this.
The autonomous ships will compromise what collision avoidance manoeuvre will
be used.

Table 1 (Milltechmarine, 2016)

7.4 AIS: the use nowadays

With AIS it is already possible to send messages of 156 characters. These
messages are safety related and are used for communication between ships about
passing arrangements. But these AIS text messages do not dismiss the vessel of
other requirements, such as the Vessel Bridge-to-Bridge Radiotelephone
regulations or of the requirements to sound whistle signals and display lights or
shapes in accordance with the International or Inland Navigation Rules. (United
States Coast Guard, 2010)
The AIS text message is also not used as a GMDSS device. So AIS is therefore not
reliable for distress and urgency communication.
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7.5 AIS: use on autonomous ships
To make the AIS text message useful for autonomous ships, the AIS has to be
linked to a computer onboard. This computer will be the brain of the ship to ship
direct link. All the autonomous ships need to communicate with each other, so
there have to be regulations and a very strict admission. This strict admission is
needed otherwise two ships with different autonomous systems can not
communicate with each other which can lead to extremely dangerous situations.
(Soltegro B.V., 2016) When two ships are at a collision course or have to pass
each other at very close range (less than 3 nautical miles) they will create a direct
link via AIS. In the process of deciding what plan will be used, a “master” (ship A)
will be designated. This master will calculate the best action for both ships. This
calculation will be based on the data of the “slave” (ship B) and its own data.
In the meanwhile, ship B (slave) will also calculate a plan. If everything is as it
should be, the outcome is exactly the same as the outcome of ship A (master). If
this is true, the plan will be executed. If it is false, they will recalculate. If the
outcome is still not the same, they will use a standard procedure so that both
ships alter course to starboard. If the standard procedure is used, they will
constantly calculate what the closest point of approach and the bow crossing range
is. When they pass each other on a safe distance, they will return to their initial
course.
The next problem that occurs is when there are 3 or more ships in the area. If
ship A and ship B have a collision course and ship B and ship C a collision course,
there is a problem when ship A and ship C are masters because they do not
communicate. This is possible to solve with a more complex algorithm.

7.6 Fail safe: ship to ship

To make the AIS fail-safe, there has to be a backup system. This system will be
the Maritime Messaging Service (MMS) designed by the same people who designed
the Maritime Cloud. The decision to use a direct link and not use the maritime
cloud is made because the maritime cloud is not reliable enough to transfer this
kind of important information without a time delay.
The Maritime messaging service will communicate with other ships to avoid
collision with the same principle as it does via AIS, but it will send the messages
via HF. To enable this the MMS-system has to be optimised for autonomous ships.
(Borup O. B., Maritime Messaging Service, 2015)
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7.7 Ship to shore: the systems
Fleet Xpress is, as described in chapter 2.3.1, the best option to create a direct
link between ship and shore. It has enough bandwidth to make a video connection.
On shore there is a commando centre. The idea is to make some kind of second
bridge on shore, so the ship can be under command of an operator on shore.
Fleet Xpress is combined with FleetBroadband so it has two bands:
 Ka-band
 L-band
This means that the system is redundant. If for example, the Ka-band fails, it is
still possible to send information via the L-band.
The disadvantage is that when the software or the hardware like the antenna
crashes, the whole system is down.
To make sure the ship can still be remotely steered to a safe situation, a complete
different system will be used as a backup. This system will also be an Inmarsat
system called Xpresslink.
Xpresslink will provide a high-speed broadband up to 768Kbps. This will be
sufficient for sending all the critical data, but it can not transmit high-quality video.
See the email in attachment 1.

7.8 Ship to shore: security

Security has a high priority in this kind of communication. All the information has
to be encrypted. This is done to prevent unauthorized people accessing the
system.
It is a big threat if the wrong people, like terrorists, get access to the system.
Redundancy
Xpresslink: with VSAT and FleetBroadband terminals operating on separate
networks, XpressLink is a fully redundant and resilient service. (Inmarsat, n.d.)
Fleet Xpress is by itself already fully redundant because it has an integrated
backup through FleetBroadband.
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7.9 Conclusion
The interconnection between two ships will be established with AIS and additional
software. This system will be made failsafe with Maritime Messaging Service. This
way there will always be a backup system and autonomous ships can always
communicate at critical moments with private “conversations”.
To get an interconnection between ship and shore, two different systems from
Inmarsat will be used. The Fleet Xpress system makes this system failsafe it and
is backed up with Xpresslink. The advantage of Fleet Xpress is the high bandwidth,
so video can be used to support remote navigation of the ship. The other
advantage is that it is already failsafe by its own system. This is because it uses
two bands with one band for backup system FleetBroadband.
(U.S. Coastguard, 2016) The use of AIS safety related messaging would be a very
novel use, but it is a good choice for critical navigation. Safety related messages
are limited in length (8 – 156 bits), and the greater their length, the less likelihood
of them being broadcasted.
This means that the safety related messages are not useful for the communication
between two autonomous ships.
The type of AIS messages that is better tailored for this type of operation, would
be an application specific message (ASM) specially crafted to do the
communication. An application specific message can be done in binary code, which
uses less bits than the 6-bits ASCii code that a safety related message would use
for the same message.
(IMO, 2010) When the messages are too long, there is little chance of sending
and receiving because they take up too many timeslots. This causes a new
problem for this system: the overflow in AIS when too many ships are sending
messages. The AIS has to be changed in a way that autonomous ships have some
sort of private slots, so the overflow can be eliminated.
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8 Final product

All the parts discussed in this project have to connect with each other. This will
lead to one final product, a new system to interconnect autonomous ships.
There will be a circulation of different types of data, to keep track of the intentions
of the autonomous vessels. The following connections are established between
ships and ship/shore:
 Transmitting to the Maritime Cloud
 Receiving from the Maritime Cloud
 Direct link (ship to ship)
 Direct link (ship to shore)
 Backup systems to make every connection fail safe
To visualize and clarify the product, see figure 9.1

Figure 9.1
=
=

Direct link
Maritime Cloud
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8.1 Maritime cloud
A connection can be made between the vessel and the Maritime Cloud. This
connection is established via global network system Inmarsat. Fleet Xpress will
provide a worldwide redundant network and backup system. Fleet Xpress uses the
new Inmarsat's Global Xpress Ka-band technology combined with the proven
reliability of Inmarsat’s FleetBroadband L-band service as a backup system. The
Ka-band technology provides a 50 Mbps broadband. This backup system (with use
of the biggest antenna) can provide a broadband up to 432kpb data stream. In
both options, the data stream is enough to transfer all the data that is needed
from the Maritime Cloud to the shore.
Within the Maritime Cloud, all the data will be saved and presented to the users
that have access to the data. Basic principles of the Maritime Cloud are:
4. maritime service portfolio registry
5. maritime identity registry
6. maritime messaging service
The Maritime Service Portfolio Registry (MSPR) is a registry that contains service
specifications according to a standard format.” The MSPR improve the visibility
and accessibility of maritime information for service experts and the company’s.
This makes it possible for providers, consumers, and authorities to share service
standards and provisioned services. Note that the service registry does not provide
maritime information but a specification of services and the information they
carry, and the technical means of the vessel.
The maritime cloud will provide an account for the maritime identity registry that
is enabling access to:
-

certificates in a public-key-infrastructure that enable secure data communication with other maritime stakeholders.
The maritime service portfolio registry
The Almanac
The Maritime messaging service (MMS)

All actors can link their own information to their account, like VHF working
channels, e-mail, phone, IMO number, MMSI number etc. all these information is
now easily available to another user of the maritime cloud. It is not only easy for
ship to ship but also SAR team can upload or download information at and from
the cloud. Also, VTS and port authorities can use information from the cloud.

The maritime messaging service (MMS) is a product that is intended to produce a
seamless information stream between different communication links. So when a
maritime actor wants to send a message to another ship not within range for a
communication link or a group ships the MMS will ensure a delivery across
whichever link is available for each ship(s) or actor individually. The MMS is also
a storage place when a ship has temporarily no active communication link if the
ship is connected again to the MMS the MMS will send the message instantly.
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8.2 Direct link, ship to ship
When two ships pass each other they will communicate via a direct link. This link
will be established with AIS. The ships will communicate via the application specific
message. The messages will be sent in binary code and the ships will communicate
what to do to avoid a collision.
A complicated algorithm has to be invented to make sure no ships will collide.
To make this direct link redundant, there will be a backup system. This system
will be the Maritime Messaging Service (MMS). This system is designed by the
Maritime cloud. It is also a direct link that is established by the HF.
The advantage of a direct link over the use of the cloud is that the cloud has too
much time delay for communication between to ships to make quick decisions.

8.3 Direct link, ship to shore

When the cloud fails to communicate between ship and shore, a direct link will be
established. This will be done with Inmarsat Fleet Xpress. The vessel will be taken
over by the command centre. Fleet Xpress has enough bandwidth to make a video
connection and send the commando’s and see the parameters. The advantage of
Fleet Xpress is that it is failsafe because of the use of two bands, the Ka-band and
the L-band.
The disadvantage is that the two bands use the same antenna.
To make this failsafe, a second system with a different antenna will be used. This
will be Xpresslink, also a system made by Inmarsat. This system has less
bandwidth but it can send all the critical data. The only thing is that it can not
send the video. But it will do the job.
When the autonomous vessel is in coastal waters and it can receive 4g or 5g
network, it is also possible to set up a direct link via this network. The 4g/5g
network is in most of the first world country’s accessible and it is fast enough for
taking over the command of the vessel.
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9 Conclusion
Nowadays information is sent by a variety of communication links. AIS or DSCDigital Selective Calling are used for digital communication between ships. The
data stream from ship to ship are relatively low. The information transfer between
ships is limited to search and rescue information, voyage information, ship details
and short messages. Ship to shore communication is set up by Navtex, Ais, and
Inmarsat services. The most common information transfer between ship to shore
are navigational warnings, weather forecasts, search and rescue information,
internet access and ECDIS chart updates. In the future, unmanned vessels will be
equipped with HD-video cameras for remote operators on shore. With the advent
of Fleet Xpress, it became possible to stream HD-videos from ship to shore.
The cloud will be used to transfer this specific information from ship to ship, ship
to shore and shore to ship. Ship to ship: The part maritime messaging service of
the maritime cloud is very useful to send information to ships or a group of ships
or a specific area. Normally the cloud message will be based on an internet
connectivity. Alternative ways to send information to the MMS are also possible
by using gateways, this could be used if there is no internet connection. Ship to
shore:
Sending information from ship to shore and vice versa, the same connection can
be made with the ship to ship data transfers. For example, the office can send a
message to the fleet by using MMS. After telling this, the conclusion can be made
that the ideal communication part of existing systems within autonomous ships
consists of the ABB program RAP (Remote Accespoint Platform), the Advanced
Sensor Module from Rolls Royce and components of the Fleet Tracking program
from Transas. All the programs have their own individual role in the system. The
Maritime Cloud will be used for all the main communication and will send this via
fleet Xpress. The communication at critical moments will be done with a AIS
connection between two autonomous ships and will be made failsafe with Maritime
Messaging Service. To make the autonomous ship still controllable when the
autonomous system quits, the control centre can take over via remote control.
So overall, the combination with existing systems creates a good, complete and
elaborated final product. This same product would be a serious improvement for
the maritime world.
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Epilogue

The group really learned from the process of working on this project. At first to
collect a serious amount of information, then filter this information to specific
useable information. The processing speed grew when the project progressed to
its end. The group worked as one team and especially communicated very good,
this can be concluded out from the way of working. Everybody knew what the
status of each other was.
This made us a very good team.
Thus, the final product satisfied us all and the project hopes to give a clear view
of ‘Interconnectivity’ in the future of autonomous sailing.
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Recommendations

Maritime Cloud
The main recommendation is to integrate an offline (hardware based) system that
connects all the communication elements to one system on the bridge and can
send all the different types of messages (ship-to-ship, and offline). When this
‘device' is developed the accomplishment of the maritime cloud can go very quick
and especially can make itself efficient for ships. Furthermore, it is important that
the device is remotely controlled and the hardware and software can be updated
manually and automatic. Both the types of updates are needed for further
development towards autonomous sailing.
Digital communication services
Information between ship to ship and ship to shore is sent by a variety of
communication links. For this chapter, the main recommendation is to use one
system that covers all ship to shore communication and one system that covers
the ship to ship communication. For autonomous sailing, Fleetxpress is
recommended for ship to ship communication. For ship to ship communication AIS
or DSC-Digital Selective Calling are recommended. More information should be
gathered by means of field-research.
Standardization for the use of the cloud
To implement the cloud for autonomous ships, more research has to be done. One
system has to be developed what will be applicable for all autonomous ships to
connect all the components. Thus another recommendation is to make an
automatic switch when 4G/5G will be used or when Fleet Xpress will be used. This
decision will be made based on which system the best signal has. This switch has
to be built inside of the software. Furthermore, an agreement have to be made
between the companies ABB, Rolls Royce and Transas for a universal software
code.
A failsafe data connection between ships and ship - shore.
The main recommendation is to do further research to the use of AIS and to
improve a message service for autonomous ships.
To make the autonomous ships communicate with more than two, an algorithm
has to be written. Different companies have to work together to create these
systems and make an autonomous ship really work.
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Attachment 1
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13.2
Attachment 2
Email communication with the Commercial director of Soltegro.
Hoi Joris,
Voor HD video heb je al minimal 10Mbps aan bandbreedte nodig. Voor de radarbeelden heb
je aanzienlijk minder nodig (denk aan 200 – 300 Kbps). Voor het versturen van parameters
verwacht ik dat je met enkele tientallen Kbps uit de voeten kan (maar ik weet natuurlijk niet
over hoeveel parameters je het hebt). Ditzelfde geldt voor de commando’s. Ook dit zullen
relatief korte berichten zijn dus daarvoor hoef je niet veel bandbreedte te hebben. Wat hierbij
wel belangrijk is, is dat je een goed protocol kiest om er zeker van te zijn dat de commando’s
foutloos worden overgedragen.
Kortom, de bandbreedte wordt voornamelijk bepaald door de HD video (heb je echt HD
nodig?) In dat geval zit je vast aan FleetXpress. Dat biedt ruim voldoende bandbreedte om
aan jullie eisen te voldoen. Kun je met minder videokwaliteit uit de voeten dan kun je
Xpresslink overwegen.
Gr.,
Jan-Martijn Teeuw
Van: Joris de Man <0906032@hr.nl> Datum: maandag 6 juni 2016 23:00 Aan: JanMartijn Teeuw <jmt@soltegro.nl> Onderwerp: data verzenden voor autonome schepen
Beste Meneer Teeuw,
Samen met 3 andere studenten ben ik bezig met een project over autonomous ships,
Ons onderdeel is interconnectivity, het communiceren van schepen met elkaar en tussen een
controlecentrum en een schip.
Met deskresearch zijn wij er achter gekomen dat er meerdere systemen zijn om dit op te
zetten namelijk:
- Inmarsat B: 9,6 kbps
- Inmarsat C: 600 bits/sec
- Fleet 77: 64 kbps
- FleetBroadband: >432 kpb
- Xpresslink: 768 Kbps
En het nieuwste systeem wat wij graag willen gebruiken:
Fleet Xpress: 50 Mbps
Nu willen wij graag hd videobeelden verzenden en commando’s om een schip te besturen.
Maar ook alle parameters en radarbeelden van het schip. Enig idee wat de maximale snelheid
hier voor nodig is?
Met vriendelijke groet,
Joris de Man
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