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Management review
This report has been compiled for a clear view of what could be done to solve port congestion by
optimizing the speed of a vessel. The idea is to delete the ‘E’ from ETA; to delete the Estimated part
of Estimated Time of Arrival. This report shows in what way drones (sea-drones) could be effective to
solve this problem. Sea-drones can help to give a better view of the weather. With the knowledge of
the upcoming weather, vessels can prepare for the weather conditions or can alter course, so that
vessels can optimize their speed and therefor arrive on time at their destination port.
This Sea-Drone will give weather information at the time you wish for, so rely on other weather
services, such as SPOS or Navtex, is not necessary. Also, this Sea-Drone can confirm information that
is provided by these systems and complement the missing information.
The information provided by drones is very important for the surface pressure, wind, waves, current,
formation of clouds and storm. Sea-drones can provide all this information.
This information can be exchanged with vessels by improving the current satellite communication
with a new system that realizes drone communication.
The helicopter drone is the best solution on vessels because the ability to take off and land is very
good. For coastal stations an airplane-like sea-drone could be very effective because it is very fast,
has a high altitude and can give a quick overview of crowded sea areas.
So all everything considered: a sea-drone with the shape of a helicopter will take off from a vessel to
exchange information about the weather but also to optimize speed. Herewith port congestion can
be decreased.
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Preface
Because of the growing economy, the demand for goods is increasing. These goods need to be
transported, and a big part of those goods are transported by sea transport. Because of the
increasing amount of goods, the number of ships also grows. All these vessels need to be loaded and
discharged in harbors, which can take up a lot of time. When a vessel does not reach the harbor on
his estimated time, his berth will have been occupied. So the vessels have to wait outside the harbor
for another berth. Because of this, the harbor gets congested. The vessels do not make their
estimated time of arrival, because they suffer from delays underway.
This is a problem that has to be solved.
The moment we started with our second college year, we kicked of this huge and fun project. In the
first week we formed our group. We faced a big challenge together: to solve one of the biggest
problem in the maritime world and our first thoughts were: “Wow! What a great subject, we are
looking forward to do this project together”, but we also thought: “This will be very difficult”. In our
opinion, we pulled off a great project. Not only the final results, but also the process! We did not only
learn so much about our subject, but also developed our skills regarding working in a group and do
research. This was very important for us, because we can use this in our future job as a Maritime
Officer.
We could not have done this without our principal: Mrs. Van der Berk, who guided us with good
advice and helpful feedback. We would also like to thank the co-operations who helped us doing the
research and one of our teachers who helped us: Mr. Griffioen for the excellent information during
the lessons of Meteorology regarding our subject.
We would also like to give a special thanks to Mr. Van Kluijven, for if he were not our manager, this
project would not have been so good and fun as it is now!
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1.Introduction
Problem description
Vessels do not arrive on time because the ETA is not equal to their true arrival time. This is because
the route from the last port of call to the port of arrival took longer than was expected because of
underway delays. These delays can be caused by multiple reasons. The main reason is the weather
conditions on the sea. Because of the rough sea, ships have to reduce their speed, causing delay.
Those delayed vessels have to wait before there is an opening for them in the harbor. When this
happens to multiple vessels, all those vessels have to wait for their next time window in the harbor.
Because of this, the port gets congested. The pilots keep a busy schedule making it impossible for
them to cope with delays. Because of this, and the increasing amounts of ships, a definite solution is
of vital importance. So the focus of this problem lies in the weather routing instead of looking in the
harbors. There has to be a way for a ship to maintain her speed, even if it suffers rough weather
conditions. It is important that vessels can fight or avoid the weather, so that speed can be
maintained instead of being put to a minimum. Coping with this ‘battle against nature’ safety will be
a big issue and the international Maritime safety regulations need to be met.
Problem definition
Because of sea and weather conditions, vessels may not be able to enter harbors in their estimated
times which causes port congestion.
Final objective
Vessels making their ETA on time, with the application of Sea-Drones which can contribute to optimal
weather routing and optimize the speed, so that port congestion can be decreased.
Main question
How can speed be optimized with the use of Sea-Drones to decrease port congestion?
Sub questions
 Why does a vessel have to reduce her speed in rough sea conditions?
 For which purposes are drones already used?
 What information relevant to vessels can drones provide?
 Where can this Sea-Drone be applied to improve weather forecasts?
 How can the information, provided by this Sea-Drone, be exchanged with vessels?
 What should the Sea-Drone look like?
Research borders
What will not be investigated:
Financial aspects, pressure from the office, port related problems, technical related problems and
logistic solutions.
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Research Methods
Desk research
Problem analysis:
During the first step the problem had to be analyzed. This analysis is made up of questions that have
to be answered: What are the causes of this problem? Where does this problem exist? Who suffers
from this problem? When is this problem active? How can this problem be solved?
Literature study:
Studying literature has learned the knowledge about this subject. The literature has been found on
the Internet.
Theories:
By studying all kinds of theories that were already been made up about this subject, the knowledge
of this subject has been increased.
Field research
Interviews:
In an interview with Stijn de Vreede, student at TU Delft and owner of a drone, it became clear what
the possibilities are of drones at sea.
Images:
Information has been gathered by studying images. These pictures have been found on the Internet.
Visits:
Stijn de Vreede demonstrated what is possible with drones on the beach of Scheveningen.
Videos:
Information has been gathered by watching videos. These videos were found on YouTube.
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2.Reducing speed in adverse weather
When a ship encounters a storm or some other type of adverse weather, it is slowed down. Because
of the high waves, swell, current and strong winds it makes it difficult to sail on sea.
It also becomes dangerous for crew and cargo.
It is important to know what is meant by: rough sea. To explain the meaning of rough sea, the
Dougles Sea Scale is used; it indicates the height of waves and how strong the swell is.
Degree Height (m) Description
0

No wave

Calm (Glassy)

1

0 - 0.10

Calm (Rippled)

2

0.10 - 0.50

Smooth

3

0.50 - 1.25

Slight

4

1.25 - 2.50
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Degrees Description

0

No Swell

1

Very Low (short and low wave)

2

Low (long and low wave)

3

Light (short and moderate wave)

Moderate

4

Moderate (average and moderate wave)

2.50 - 4.00

Rough

5

Moderate rough (long and moderate wave)

6

4.00 - 6.00

Very Rough

6

Rough (short and heavy wave)

7

6.00 - 9.00

High

7

High (average and heavy wave)

8

9.00 - 14.00

Very High

8

Very high (long and heavy wave)

9

14.00+

Phenomenal

9

Confused (wavelength and height indefinable)

Rough sea is defined, in this scale, with waves of 2,5 – 4 meters high. It is still relatively safe to sail in
this kind of sea, but it will be more difficult to sail through the sea with a degree of 6 or higher.
When this type of weather occurs and the waves reach a certain height, it is advisable and safe to
adjust speed so that ships speed matches the speed of the waves. If it will be ignored, there will be a
lot of forces and torque on the ship’s hull and superstructure, which causes severe damage to the
ship. In order to prevent this, the ship’s speed should be reduced.
This is the main reason why ships reduce their speed in rough sea conditions. Because if they sail too
fast through this kind of weather, the ship will suffer damage. But not only the ship will suffer
damage, also cargo and crew can be affected.
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When a ship is sailing through this kind of weather it wants to ride on the waves, instead of burying
the bow in every wave to come. All that pounding will cause huge strain on the hull and
superstructure and can break windows and portholes.
Also, because of swell, the ship will role.
This happens especially when sailing parallel to the swell. The ship will roll from a crest to a trough
and this can be dangerous, especially when this happens frequently.

Cargo may fall overboard and water could be flooding on board. Therefor it is important to close all
the windows and portholes to prevent water coming in the ship.
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It is also possible that a ship will ‘fall’ from a crest into a trough.

The propeller of the vessel may come out of the water, which causes the RPM of the main engine
rises too high. Although this is very unlikely to happen, it should be taken into account.
When the RPM of the main engine suddenly rises, because of the lack of resistance from the water,
the engine will break down. Also the shaft generator, which requires a steady RPM of the shaft, will
break down. This, because the power supply is not steady anymore.
2.1 Conclusion
It is not only safe to reduce speed, but also very recommended. When the waves reach a certain
height, about 4 meters, the vessel’s speed should be reduced in order to maintain a safe voyage. The
huge strains and forces that the vessel will suffer are too big. If the vessel’s speed is not reduced, it is
not safe to sail with the vessel. But if the vessel’s speed is reduced, it is safe to sail through rough sea
conditions and adverse weather.
This is because the forces and strains on the vessel’s hull and superstructure are reduced. Reduced
enough to take away the critical forces and strain, so the vessel will not suffer any damage.
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3.Drones in the field
In this chapter information will be gathered about the different kind of ways to strategically use
aerial images to help navigate. Apart from the navigational purposes, there are other purposes which
drones are already being used for. There are leading companies in this market who are already
developing systems in which farmers and drones can productively work together.
3.1 In the battlefield
It has been seen all around the news, with this new era there are new weapons, and drones are
taking over the battlefield. These drones are fighting drones, developed to control the skies without
risking a human life. These highly efficient machines can also be used for exploring purposes, and are
equipped with 2 rockets.
3.2 Hurricanes
NASA has teamed up with the NOAA, investing 30 million dollars to use drones at sea. These drones
are used for espionage on storms as they evolve. These drones can stay aloft for 30 hours and fly
kilometers, thus providing surveillance footage.
This is done with the reason to improve forecasts, and maybe save lives.
3.3 3-D Mapping
Small, lightweight drones may look like simple model airplanes, but they can survey landscapes with
thousands of digital images that can be stitched together into 3-D maps.
3.4 Protection of wildlife
This is already being used in nature parks in order to protect endangered animals. This has been
already put to use by the government of the United States in Colorado. This strategy has been almost
in use for a decade there, so that its lands and the species that inhabit them are protected.
An Orangutan Conservancy effort that shows aerial surveys can identify the animals' distribution and
density in Indonesia and Malaysia, which is important because ground-based efforts are slow and
costly in the thick forests that orangutans favor.
Drones also assist in the fight against poaching. With funding from Google, the conservation giant
WWF plans to launch surveillance drones this year in skies over Africa, where poaching is driving
iconic species like rhinos toward extinction and is fueling a massive illegal trade in wildlife items like
horns and ivory.
3.5 On the Farms
In Japan drones are being used fertilize the farmland, which is on steep hills. It is hard for ground
vehicles, like tractors to climb these hills there so this has been solved by the usage of the Yamaha
RMAX, which has been used now for 20 years. The drone can identify exactly what it needs and the
specific resources that are needed.
They can watch the growth of crops, and even identify nitrogen levels. Also it has a special camera
with can reflect how efficient the photosynthesis is in the different kind of plants. This work is all
automated so the drone can take its route on which it provides all the essential information.
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3.6 Search and Rescue
An injured victim of an automobile accident in Saskatchewan, Canada, in May 2013 may have been
the first person to have his life saved by a search-and-rescue drone.
When Royal Canadian Mounted Police responded to a late-night rollover in a remote location, they
found that the disoriented driver had wandered off. A ground search and an air ambulance
helicopter with night-vision gear failed to find him.
But after a cell phone call from the injured victim gave a hint to his whereabouts, a Dragan Flyer X4ES drone with heat-sensing equipment, launched by the Mounties, found the victim before a
potentially fatal night outdoors in subfreezing temperatures.
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4.Obtaining weather information with drones
In order to determine what information a drone can provide and is relevant to a vessel, it must be
examined what kind of information a vessel can provide for him. Drones can obtain the missing
information.
4.1 RouteGuard
A number of systems is invented to obtain weather information for a vessel.
The two most used systems are RouteGuard and SPOS Fleet Management & SPOS onboard.
“RouteGuard is a ship routing and performance analysis service”, according to the company itself. In
more simple words: it is a system that provides accurate information about weather and the most
optimal route to save fuel and time. It also makes sure that CO2 emission is reduced and ETA is more
accurate. The last feature of this system is of most importance.
RouteGuard has its own meteorology station: Nautical Meteo Base (NMB) which provides surface
pressure, wind and waves, current, ice and visibility.
The wind is a very important aspect in weather aspects. The wind in the sky has a great influence on
where and when a Low or High-pressure area arises.

Creation of Low and High-pressure areas
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4.2 SPOS Fleet Management & SPOS Onboard
This is a rather different system, because it also gives the user the opportunity to monitor ships from
the office. SPOS Fleet Management is an application used in the office to monitor the fleet that uses
SPOS Onboard. Also it has a lot more features than RouteGuard. Besides the weather information,
that the same RouteGuard provides, it also give the opportunity the give input in the system. For
example own observations, speed curves, ships profile and weather impact. One very important
aspect of SPOS is the possibility to compare voyage times and discover trends. In other words: does it
happen frequently and what can be done about it.

A quick impression of how this SPOS Fleet Management looks like.

SPOS onboard gives the captain and crew the possibility to calculate the optimal route, taking into
account weather, ocean current and ship characteristics. Forecasts are received by e-mail daily. The
weather forecasts (maps) can be displayed on screen or can be printed. The feature that gives this
system the preference is because of the possibility to put information in the system. Updates on
vessel and voyage data during the voyage can be put in the system, so that the system can recalculate the optimal route.
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SPOS Onboard

The main benefits of both the SPOS Fleet management and SPOS Onboard are:
- Monitor fleet from office, making sure ETAs are achieved safely whilst keeping fuel
consumption and emissions to a minimum.
- Define groups or make a selection of vessels within your fleet for easy monitoring.
- Get a detailed chart of the fleet’s journey including waypoints and weather information.
- Maintain an up-to-date picture of your vessels’ progress and performance during the voyage.
- Compare voyage times and discover trends.
- Compare performance of different vessels
- Create the optimal route
There is now a clear idea of which information a vessel can obtain itself, with help of the systems
mentioned above.
These systems and vessels can provide for themselves:
- Surface-pressure
- Wind
- Waves
- Current
- Ice
- Visibility
A drone can this information provide for a vessel:
- Temperature high in the sky, because of the fact that temperatures create high pressure and
low-pressure areas. This is a vital aspect to determine the wind direction and fronts.
- The formation of clouds and storms in a large radius. When a drone flies over an ocean at
high speed it can see clouds and storms form, far before a vessel can see this.
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When a drone travels from A – B, it finds a storm. The beginning of the storm in the smaller circle,
until in the middle of the storm in the bigger circle.
It then delivers a message (black curved line) to the vessel (this could be any vessel which requires
this information) what then will change their intended course (yellow line) to an alternative course
around the storm (blue curved line).
4.3 Conclusion
So relevant information the drone can collect is the surface-pressure, temperature, detailed wave
height, formation of clouds and storms. The drone can collect this information real-time instead of
predictions that are given.
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5.Application of Sea-Drones
It is of great importance that weather information improves because there are a lot of areas where
little weather information is collected. There are two areas important to know: Coastal areas and the
open sea.

Yellow areas are areas where weather information is reported.
5.1 Coastal areas
Coastal areas, for example Dover Strait, are very crowded so weather prediction is very important.
The application of drones could be very helpful in these situations because of their relatively easy
usage, they can collect valuable weather information and they are not permanent such as for
example weather observations towers. Drones can also provide information from different altitudes
and different locations to make a perfect image of the weather. For example, the North Sea is one of
the busiest shipping lanes in the world. The North Sea is relatively small with a surface of half a
million square kilometres. Drones can easily fly over this sea and provide a constant source of
information.
A drone could fly in a coastal area controlled from the coastal stations and fly in pre-mapped route.
5.2 Open sea
In the open sea, for example the Atlantic Ocean, another sort of weather information is required. In
the open sea long-term weather predictions are important to a vessel so she can alter her course
forehanded. If there is an area of bad weather and the drone can collect that information, a vessel
can take it into account in her voyage preparations. To establish long-term weather prediction
information of different positions is required.
So the idea is to launch a drone from a ship’s deck and let it make a flight to collect data around the
vessel so it can be used for route optimization.
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Drone flying over the ocean to collect weather information
5.3 Special areas
In special areas, for example the eye of a tornado, drones can collect information to improve
weather prediction knowledge. At the university of Oklahoma students have developed a drone that
can fly into tornadoes and collect valuable data. The big advantage of a drone compared to an
aircraft is that, if it goes wrong, there are no human lives lost. Because of this drone weather
predictions are more accurate and tornadoes can be spotted at an early stage.

A drone took this photo of Tropical Storm Frank from an altitude of 18 kilometers.
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5.4 Legislation
Drones are also known as unmanned aerial vehicles, this means there is no pilot onboard. There is no
license or certificate required to fly a small drone so to guarantee safe airspace legislation
is made. Every country has its own legislation however in this report only international and Dutch
legislations will be looked at.
5.4.1 Restrictions in the Netherlands
In the Netherlands regulations are divided in two categories; recreational and professional use. For
recreational use it is allowed to fly a drone of maximum 25kg. Since 2 July 2013 the regulations of
recreational has been accentuated. So it is not allowed to:







Fly above buildings
Fly above crowded areas
Fly above motor- and railways
Fly within a range of 3km of airports
Fly higher than 300m
Fly at night

Since this research is for professional use, it is not necessary to comply with the recreational
regulations. In Netherlands it is prohibited to fly a drone professionally. The Ministry of Inspectie,
Leefomgeving en Transport can give permission to fly with a drone. Complying with a lot of
requirements is necessary to obtain exemption. A ‘flying license’, technical knowledge, knowledge of
what to do in emergency situations are needed.
5.4.2 Restrictions international waters
International waters are waters that exceed the 12 nautical mile zone. In this area the legislations of
the flag state of the ship are in force. So to fly a drone in international waters the drone has to
comply with regulations of his flag state.
5.5 Conclusion
Drones can be used in multiple areas, for these areas different weather information is needed. With
oceans long-term weather predictions are needed but in coastal areas accurate information is
required. The ship or a station on land could operate drones. On ocean voyages the drone has to be
operated from the vessel, however in coastal areas operation by a land station would be
recommended because of the use of a different drone, which is explained in chapter 7. In the
Netherlands it is not allowed to fly a drone unless exemption. When sailing in international water it is
necessary to comply with the legislation of the flag state of the ship.
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6.Communication between a vessel and a Sea-Drone
6.1 In what way drones communicate
The communication between vessels is mostly done by VHF (Very High Frequency). The VHF is a
maritime radio system, which makes it possible for vessels to exchange information. Communication
by VHF is called radiotelephony. The maritime VHF works on a frequency range between 156.0 and
162.025 MHz. The VHF is used for rescue services and for communication with other sea traffic, pilot
stations, harbors and bridges. The VHF-set can transmit and receive information that is sent out on
the same frequency. By making use of a power range between 1 and 25 watt, it is possible to reach a
range up to 60 nautical miles.

Power range
1 watt
25 watt

Used for
Rivers and lakes
Seas and oceans

The VHF is, is tuned in at channel 16. Channel 16 is the international distress channel. It is also
possible for the VHF to receive weather forecast by radio.
Marine communication can be done by voice only. It is also possible to communicate by pressing just
one button. This is called “Digital Selective Calling” (DSC). By digital selective calling it is possible to
send pre-defined digital messages, so voice only messages are not necessary. The pre-defined
messages been send by:
-

Medium frequency (MF)
High frequency (HF)
Very high frequency (VHF)

Digital Selective Calling results most of the time in continuing communication by radiotelephony.
A Digital Selective Calling installation has a nine-digit identification number. This number is unique:
the number identifies the ship with the Digital Selective Calling installation. This number is sent
automatically with each transmission from the installation. The first three digits are the maritime
identification digits, representing the country of registration.
These systems realize communication between vessels and coastal stations. It is a core part of the
Global Maritime Distress Safety System (GMDSS). The Global Maritime Distress Safety System Is an
internationally agreed set of safety procedures, types of equipment, and communication protocols to
increase the safety in distress situations.
GMDSS is supported by satellite systems:
- Inmarsat
- COSPAS/SARSAT
- Emergency Position Indicating Radio Beacons (EPIRB’s)
- Status Recording-system (STAREC)
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These satellite systems are improving the communication and the safety in distress situations.
Inmarsat:
Communication by means of the geostationary Inmarsat-satellites extends in an area
between 70 degrees latitude North and 70 degrees latitude South.
Navtex:
Navtex is a telex-receiver/printer. The Navtex is installed on GMDSS-vessels. Navtex
can receive maritime safety information-messages. The messages contain information to increase
the safety of the navigation. These messages are addressed to all vessels, and contain information
about meteorological warnings, SAR-operations and other important and urgent data.
EPIRB:
The EPIRB will be released from the vessel in distress. Releasing the EPIRB can be
done by hand or automatically by a hydrostatic release system. The EPIRB activates automatically
and transmits a distress alert to Rescue Coordination Centres via satellite, giving position and
identification of the vessel.
SART:
Transmits a signal that will create a series of dots on the radar display. It is now
possible to locate the distressed raft or vessel.
COSPAS-SARSAT:
North path.

The satellites for communication are on a north to South and a South to

6.2 How drones communicate
The drone is controlled from a control station. Controlling the drone in the line of sight is done by a
direct data link.
When the drone leaves the line of sight, making use of communication satellites controls the drone
and communication with the control station. These satellites are able to receive information from
the drone, and transmit this information to the control station. The drone also uses a GPS satellite for
positioning.
So there are two types of satellites that the drone uses:
- Communication satellite
- GPS satellite.
When the link between the communication satellite and the drone is lost, the drone automatically
will fly in circles or will return to the control station. So when the link is lost, the drone will always
find his way back to the vessel . When the link between the communication satellite and the drone is
reconnected, the drone will automatically continue its flight.
The flight is programmed before take-off. So the drone is able to make the same voyage from the
position of the vessel as always to collect all information about the weather, so a weather forecast
can be made.
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6.3 Combining existing methods of communication for drones communication
In the maritime sector communication is done by a wireless radio and satellite systems. Direct
communication between vessels and drones can be made when it is possible to combine one of
these existing methods of communication. This way of communication can form a positive influence
on the weather routing of vessels, so the right courses can be sailed and the speed can be optimized.
The VHF transmits a signal on a specific frequency. To communicate with other vessels, the drone has
to use the same specific frequency as the VHF on the vessel. The disadvantage of the VHF is that it
has a small range, so it is hard to apply when the drone flies on a suitable height. Making use of the
VHF is not possible for vessel and drone communication when the range of the VHF is too small for
drones to apply.
So the use of satellite systems is more suitable for the communication between vessels and drones.
Combining the existing satellite systems in maritime communications with the satellite system used
by drone communication is the most suitable way to realize the communication between vessels and
drones. The used satellite systems have a huge effective range. This means that the drone is able to
fly over a larger area, to collect more information. This means that the weather forecast can be made
over a larger area. So the weather routing can be optimized.
The best way is to combine the communication system with the Inmarsat satellites. The reason for
this choice is the effective working range. So the drone can be applied in almost all regions.
Existing GPS satellite systems will be used for the positioning of the Sea-drone. When making use of
existing GPS satellite systems it is important that the drone and the vessel are making use of the
same GPS satellite system and geodetic datum. By making use of the same GPS satellite system and
geodetic datum, the chance of making any mistakes with positioning of the Sea-drone compared to
the position of the vessel can be minimalized. Hereby it is possible to conclude if the Sea-drone is still
on the same track as programmed.
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6.4 Operating the Sea-Drone.
Before this Sea-Drone can fly over a certain area and obtain information about the weather,
someone needs to control this Sea-Drone and perform maintenance.
These persons who will operate the drone and perform the maintenance should be trained.
For operating the Sea-Drone, for example the helicopter design, it takes up to 10 months of training
before someone is able to fly this Sea-Drone completely independent.
The training, which in the end could be inducted in the STCW, can be shortened so that the operator
on board is able to fly this Sea-Drone.
There is training needed for controlling and maintenance of the drone. This training can in the end be
inducted in the STCW.

Control room

Engineers performing
maintenance on the Sea-Drone.

Also, when the Sea-Drone will take-off or land, officers
and engineers should be on deck to make sure
everything goes according to plan.

6.5 Conclusion
The most effective way to realize vessel-drone communication is combining the existing
communication satellites with a new system that realizes drone communication. So there is a
possibility for the Sea-drone to fly over larger areas so more information can be gathered and a
better weather forecast can be made.
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7.The Sea-Drone
To get an idea of what this Sea-Drone looks like, first there must be established what the drone
should be capable of.
It needs equipment to obtain weather information and it has to manage rough weather, for example
storms, to remain in the sky during flight.
The equipment that this Sea-Drone should carry is:
- Density meter
- Pressure meter
- Wind meter
- Temperature meter
- High Resolution cameras
There are two types of drones that would be best suited for the main problem: a helicopter
design and a plane design. Both designs have their advantages and disadvantages
7.1 Common drone
By common drone is meant a small, relatively cheap drone, mostly used to shoot pictures and making
videos in the sky. These drones are like small helicopters with 4 propellers (quad copter) and are
about 40 cm in width and length. These drones are capable
of flying 25 – 30 minutes on one battery, the duration of the
flight depends on the amount of weight it will carry, more
weight shortens the flying time. The maximum weight the
drones can carry is about one kilogram. The distance these
drone can fly is 1000m horizontal and 1000m vertical.
There are a lot of options for these drones. They can be GPS
stabilized so they can keep their position or fly a pre-mapped
route. Flying a pre-mapped route would be perfect for
weather routing because the drone could fly without
instructions. The drone operator can do something else.
However, these drones are not waterproof so they are not
able to fly in rainy circumstances.
A common drone used for filming.
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7.2 The helicopter design
There are already helicopter drones in use. The US Navy uses this type of drones mostly for combat
or other purposes.

The MQ-8B Fire Scout of the US navy.
This drone is mostly used for exploring operations, which is a good application for our purpose.
This drone or a drone that is practically the same, but not of the US Navy, can be a good design for
the Sea-Drone concept.

Impression of the MQ-B dimensions and specifications.
The maximum altitude of this drone is almost 4 kilometers. This is very high, but probably not high
enough to get a very large overview of the ocean and weather. With a speed of 85 kn and a range of
425 nautical miles it is able to fly far enough at working speed.
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7.3 The plane design
There are, just like the helicopter design, already a lot of aero plane type drones in use and again the
army is the biggest user of them.

The MQ-9 and his equipment.
The features on this drone, however, are much more useful.
It can carry up to 1700 kilograms weight; so extra measuring instruments and other equipment will
not be a problem for this type of drone.
Also the sensors at the front of the drone are capable of complex calculations and this can be used
the improve weather forecast.
When this drone sees a small cloud formation, it could calculate how big this cloud can get and what
the track of the cloud will be.

This MQ-9 reaper is a lot bigger than the helicopter drone.
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7.4 Advantages and disadvantages of both designs
The benefit of the helicopter is its size; because it is quite small it can easily be place on a ship’s deck.
Also the helicopter is able to take-off and land on a small space so there is no need for a launch and
landing facility.
However the helicopter has a lower cruising speed than the aero plane and therefor a smaller range.
Also the aero plane drone is capable of flying at a height of 15 kilometers instead of the helicopter’s
3.8 kilometers.
The aero plane’s disadvantage is its size; the aero plane is always a lot bigger than the helicopter.
And the way to launch and land the drone in an issue, to land this drone there is a sort of runway
required. To launch the drone either a runway is required or a sort of launcher a shown in the picture
below.

Drone launcher
7.5 Conclusion
The helicopter drone is the best solution to use on a vessel, because it can easily take off from the
vessel. The plane drone is the best solution to use on the ground, for example: coastal stations. This
is because it has a very high maximum altitude and a high cruising speed, so it is capable of obtaining
information about the weather very fast.
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8.Conclusions
Reducing speed in adverse weather:
To conclude all the information it is not only safe to reduce speed, but also very recommended.
When the waves reach a certain height, about 4 meters, the vessel’s speed should be reduced in
order to maintain a safe trip. If the vessel’s speed is not reduced, it is not safe to sail with the vessel
through rough sea conditions and adverse weather. This is because the forces and strain on the
vessel’s hull and superstructure are reduced.
Obtaining weather information with drones:
Relevant information the drone can collect is surface pressure, temperature, detailed wave height,
formation of clouds and storms. The drone can collect this information real-time instead of
predictions given.
Application of Sea-drones:
Drones can be used in multiple areas, for these areas different weather information is needed. In
oceans long-term weather predictions are needed but in coastal areas accurate information is
required. The ship or a station on land could operate drones. On ocean voyages the drone has to be
operated from the vessel, however in coastal areas operation by a land station would be
recommended. In the Netherlands it is not allowed to fly a drone unless an exemption. When sailing
in international water, it is compulsory to comply with the legislation of the flag state of the ship.
Communication between a vessel and this Sea-Drone:
The most effective way to realize vessel-drone communication is combining the existing
communication satellites with a new system that realizes drone communication. So there is ability
for the Sea-drone to fly over larger areas so more information can be gathered and a better weather
forecast can be made.
The Sea-drone:
The helicopter drone is the best solution to use on a vessel, because it can easily take off of the
vessel. The plane drone is the best solution to use on the ground, for example: coastal stations. This
is because it has a very high maximum altitude and a high cruising speed, so it is capable of obtaining
information about the weather very fast.
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9.Recommendations
According to the conclusions further research into the following aspects is recommend:
 Marketing: is there demand for this kind of product.
 Financial: is this idea profitable enough.
 Technical: further research should be done whether it is possible to build a drone that is
suitable for this work and what type of drone it should be.
 More research on communication between the drone and the vessel or coastal station.
 Develop a program that can process the data that is obtained by this Sea-Drone.

28

10.References
2.Reducing speed in adverse weather:
Anish. (2011, May 2). Retrieved from marine insight: http://www.marineinsight.com/misc/marinesafety/what-to-do-when-ship-encounters-rough-weather/
boat safe. (n.d.). Retrieved from http://www.boatsafe.com/nauticalknowhow/heavy2.htm
Delft university of technology. (1976). ISP, Volume 23, No. 265. Delft: Ship Hydromachanics
laboratory.
douglas scale. (n.d.). Retrieved from eurometeo:
http://www.eurometeo.com/english/read/doc_douglas
News, G. (2013, May 29). Retrieved from youtube: https://www.youtube.com/watch?v=fR-LFh2xqac
Stacey, W. (n.d.). Retrieved from Gulffishing: http://gulffishing.com/USCG_BadWeatherBoating.html
3.Drones in the field:
Chilcot, B. (2013, December 2013).
Handwerk, B. (2013, Decemeber 2). Retrieved from national geographic:
http://news.nationalgeographic.com/news/2013/12/131202-drone-uav-uas-amazonoctocopter-bezos-science-aircraft-unmanned-robot/
4.Obtaining weather information with drones:
meteo group. (sd). Retrieved from meteo group:
http://www.meteogroup.com/nl/gb/sectors/marine/shipping/routegard.html
meteo group. (2015). Retrieved from meteo group:
http://www.meteogroup.com/nl/gb/sectors/marine/shipping/spos.html
NASA. (sd). Retrieved from NASA: http://virtualskies.arc.nasa.gov/weather/6.html
vaisala. (2015). Retrieved from vaisala:
http://www.vaisala.com/en/products/aviationweathersystems/Pages/default.aspx
White, S. (2012, August 27). Retrieved from Mirror: http://www.mirror.co.uk/news/worldnews/tropical-storm-isaac-set-to-hit-1282695
5.Application of Sea-drones:
Day, C. (2013, May 28). Students Developing Drones For Measuring Tornadoes. Retrieved from
Newson6: http://www.newson6.com/story/22440361/osu-students-developing
Griffioen. coverage of weather information. STC-Group, Rotterdam.
Richardson, B. (2014, April 25). drone usage for weather forecasts. Retrieved from washington post :
http://www.washingtonpost.com/blogs/capital-weather-gang/wp/2014/04/25/dronescould-revolutionize-weather-forecasts-but-must-overcome-safety-concerns/
Simonson, E. (sd). Global Hawk flying over ocean. Retrieved from getty images:
http://www.gettyimages.nl/detail/foto/global-hawk-flying-over-oceanstockfotos/147879434
Wikipedia. (2015, March 2). Info about drones. Retrieved from Wikipedia:
http://en.wikipedia.org/wiki/Unmanned_aerial_vehicle
Wikipedia. (2015, February 21). Info about the noordzee. Retrieved from wikipedia:
http://nl.wikipedia.org/wiki/Noordzee
29

drones.nl. (sd). information about drone regulation netherlands. Retrieved from drones:
http://www.drones.nl/wetgeving/
findlaw. (sd). regulations international waters. Retrieved from findlaw:
http://www.findlaw.co.uk/law/government/other_law_and_government_topics/500439.ht
ml
inspectie leefomgeving en transport. (2015, January 8). dutch drone regulations. Retrieved from
inspectie leefomgeving en transport:
http://www.ilent.nl/Images/Informatiebulletin%20lichte%20onbemande%20luchtvaartuigen
%20januari%202015_tcm334-362146.pdf

6.Communication between a vessel and this Sea-Drone:
Cuadra, A., & Whitlock, C. (2014, June 20). How drones are controlled. Retrieved from
washingtonpost: http://www.washingtonpost.com/wp-srv/special/national/dronecrashes/how-drones-work/
Frequentis. (sd). Maritime Communication Systems (MCS). Retrieved from Frequentis:
http://www.frequentis.com/fr/uk/solutions-portfolio/maritime/products-andsolutions/maritime-communication-systems-mcs/
Line-of-sight propagation. (2015, February 24). Retrieved from Wikipedia:
http://en.wikipedia.org/wiki/Line-of-sight_propagation
Maritime Mobile Terminals. (sd). Retrieved from Globecomm:
http://www.globecommsystems.com/maritime/inmarsat-marine-terminals.shtml
Maritime Telecommunications Network. (2013, July 30). Retrieved from Wikipedia:
http://en.wikipedia.org/wiki/Maritime_Telecommunications_Network
Radiotelephone. (2014, December 30). Retrieved from Wikipedia:
http://en.wikipedia.org/wiki/Radiotelephone
Wikipedia. (2015, February 26). marine VHF. Retrieved from Wikipedia:
http://en.wikipedia.org/wiki/Marine_VHF_radio
zenitel. (sd). Vingtor. Retrieved from zenitel: http://www.zenitel.com/nl/Vingtor/

7.The looks of the Sea-Drone:
(sd). Retrieved from wikimedia:
http://upload.wikimedia.org/wikipedia/commons/b/ba/Differences_between_the_MQ8B_and_MQ-8C.jpg
(sd). Retrieved from the brigade: http://thebrigade.com/2012/04/05/friday-firepower-mq-9-reaperin-high-res-24-hq-photos/mq-9AIRBOYD. (2010, April 13). Retrieved from Youtube:
https://www.youtube.com/watch?v=dLEL3QMgQAs#t=114
BBC News. (2012, January 31). Retrieved from BBC News: http://www.bbc.co.uk/news/world-southasia-10713898
Schneider, D. (2011, January 22). Retrieved from IEEE Spectrum:
http://spectrum.ieee.org/robotics/military-robots/drone-aircraft-how-the-drones-got-theirstingers
Tarantola, A. (2012, April 13). Retrieved from Gizmodo: http://gizmodo.com/5901632/dronehelicopter-gets-deadlier-with-precision-kill-weapons-upgrade
30

Wikipedia. (2014, July 28). Retrieved from Wikipedia: http://nl.wikipedia.org/wiki/MQ-9_Reaper
Wikipedia. (2015, February 24). Retrieved from Wikipedia:
http://en.wikipedia.org/wiki/Northrop_Grumman_MQ-8_Fire_Scout
S.L., S. d. (2009). picture drone launcher. Retrieved from wikimedia:
http://upload.wikimedia.org/wikipedia/commons/f/f9/Scrab_II_Launcher.JPG

31

11.Appendix
To verify the investigation there was a contact with a drone expert called Stijn de Vreede. Stijn is a
student at the technical university in delft and has contacts in the drone-building sector. He also has
a small drone for himself and he showed us where a small drone is capable of on the beach of
Scheveningen. This small, relatively cheap drone has a range of a 1000m and is capable to fly at a
height of a 1000m, the controller limited this. If he uses a satellite communication unit, as we
recommended in chapter 6, he would be able to fly as far as the battery is able to. On one battery
this drone can fly 25 minutes, and carry 1 kg.
We asked him what he would recommend on a ship, a helicopter drone or an aero plane drone? He
said that an aero plane drone would be better because of the great range but it would be difficult to
launch and land this drone, so the helicopter would be easier to realize. The rest of the interview
could be found in the appendix.
Interview Stijn de Vreede:
Question 1: Do you think that the use of drones could improve the weather forecast?
Answer: Yes, bigger drone equipped with weather measurement equipment or even a weather radar
like in an airplane can contribute to weather information data.
Question 2: Do you think small drone, like yours, could be developed to perform tasks in rough
weather?
Answer: I doubt it, because small drones like mine are not capable to fly in rough weather. Small
drones can be used till a wind speed in 5 Beaufort otherwise they will be blown away.
Question 3: Is it possible to land a drone on small spaces like a ship’s deck?
Answer: yes, the drone is GPS stabilized so it can compensate for the ships movement due to waves,
wind, etc.
Question 4: Could equipment used onboard interfere with the drone’s communication (like radar)?
Answer: No, if the communication settings are set up on the right frequency there is no problem.
Question 5: What is the maximum distance a drone can fly, limited by its power supply?
Answer: My drone can fly a 1000m far and a 1000m high. But this depends on the type of drone;
aeroplane like drone can fly much further than helicopter drones and its size.
Question 6: What would you recommend, an aeroplane like drone or a helicopter drone?
Answer: I would recommend an aeroplane drone, because of the great range it has. But it would be
difficult to launch and land this drone, so the helicopter would be easier to realize.
Question 7: So do you think it is technical possible to use and develop drones to improve weather
forecast?
Answer: I think so, but it the financing will be the restriction.
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