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Absgtract: A method of organizng an information cyber-
physical system to assist in the mooring process has been
considered in the article It describes ways to organize the
mooring of ships to the berth. The problems that occur during
this operation have been listed. As the mooring process is labor-
intensve and depends on the human factor, a system that will
provide up-to-date real-time information to facilitate the mooring
operation has been regarded. The structure and dages of
development of the proposed solution have been described. The
features of the selected dements have been indicated. Obtaining
preliminary sensory results from two ports makes it possible to
begin the next stage of system devel opment.

Index Terms. moor, cyber-physical system, sensor unit.

. INTRODUCTION

The mooring process is an important, inherent and
frequently repetitive procedure in marine operation. This
procedure is also responsible enough because it has
certain risks to deal with. These risks are caused by the
large ship inertia and relatively low stability of a ship.
There are some restrictions for redlization of this task.
The mooring process occurs at the shore berth or it can
be tied up to another ship. A mooring at the shore berth
depends on the ship length. Moreover, it is aso impor-
tant what kind of moorage it is. It requires 2 men at the
pier and some tugboats (both Ship Captain and Marine
Pilot decide the quantity) for the ships up to 60 meters.
Furthermore, we need at least 4 men a the pier and 2
tugboats for the ships up to 100-135 meters (Fig. 1).

Fig. 1. The mooring process using tugboats

There is supposed to be at least 10 people at the
pier as well as a sufficient number of tugboats for ships
more than 200 meters[1]. In some ports the marine team

can moor a boat. In some really loaded and busy ports
this procedure is organized. A Marine Filot — the port
employee who enters the ship’'s side and takes the
responsibility for mooring a ship. He has awalkie-takie
which he uses to organize the mooring process between
marine team and tug boats for successful ship mooring.
For huge ships this procedure can last for hours. It is
important to move the boat sowly and parallel to the
side because the ship haslargeinertia.

Pulling up the ship proceeds using mooring ropes
evenly. It isimportant to control the distance to the pier.
To avoid damaging the hull and the pier equipment, the
Baffle Mechanisms on the ship (Fig. 2) or a the pier are
usually used (Fig. 3)

Fig. 2. The ship’s Baffle Mechanisms

The mooring process takes alat of time. Consequently,
it is expensve for the owner to pay for it. In some cases,
the ingallation equipment can be damaged because the
ship approaches the Baffle Mechanisms sooner than it's
supposed to. As aresult, the pier needs to be fixed and it
takesalot of time.
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Fig. 3. The pier’ s Baffle Mechanisms

The success depends on the combined employees
work and the Marine Pilot experience — he runs the
process. The Marine Pilot gets information about the
ship’s position from the group of people using walkie-
talkies. He gives the directions to tughoat workers.

This kind of entering the mooring is typical for all
loaded ports. They try to take aslittle time as they can to
moor it. They try to minimize loading and unloading.
One way to smplify the mooring is a system caled
Trelleborg Automoor [2]. In other words, it 1ooks like
huge suckers (Fig. 4). The mooring processis so simplified
here: a ship is brought to a safe distance and Automoor
automatically pulls it up and deters the ship by The
Baffle Mechanisms. Except the evident advantages for
example the mooring speed — there is another problem.
The cost is high, so this system is relevant only for ports
with ahigh turnover.

(e

Fig. 4. The system of automatic mooring
Treleborg Automoor

1. PROBLEM ANALYSIS

An active development of calculating machines,
computer technologies and cyber-physical systems allows
usto look at the existing application problems in the field
of the routine [3-6]. It causes the creation of new oppor-
tunities which we wouldn't be able to use if we didn't
have computer systems. Appliance of cloud computing

(when processing a big amount of data from the digtributed
systems) amplifies the maintenance of information systems
and creates new sarvices. Therefore, it leads to a company’'s
decrease of operational outlay [7-10].

The adminigtration of ports Moerdijk and Rotterdam
(Netherlands) is also interested in mooring time mini-
mization. It leads to decrease in financial spending for
the petrol, saves the ecology and optimizes the employee' s
job.

There was a task to explore the options of mooring
process time. Optimization didn't provide the reconst-
ruction of the port as well as blocking its job. The
opportunity to lay the engineering networks on the
territory of the berth was also excluded. It was planned
to create an informational system which would inform
about theloading of the pier in redl time mode. Moreover, it
will provide the information about the distance between
the pier and aship. The Marine Filots need thisinformation
during the mooring process. As a result, it eiminates the
human factor and makes it easier and faster to moor a
ship. An important note is also the installation and dis-
mantling, the cost of the system.

[1.IMPLEMENTATION

The deadlines for implementation are quite short,
and there is also no possibility of ongoing stay in the
port. For the successful implementation it isimportant to
get information on how to identify the ship and the
distance to it. Thereis a need for data, using the stand-
alone sensors of which would be possible to anayze and
to predict the system operation processes.

It is also important to take into account the sysem’s
operating conditions: it isthe pier, the sea water, al four
Seasons.

e  Thefirg gep in implementing the system isto
use severa sensor units with a large number of different
sensors, and with inefficient use of energy but with
receiving any kind of data.

e  Thesecond step is supposed to be reducing the
number of sensors, optimizing the power consumption,
collecting data from the bigger number of sensor units.

e  Thethird step is supposed to be an invention of
an energy-efficient unit, with a limited number of sensors
but with the ability to tranamit data in real time and with
significant long bettery life

The primary task was to monitor the situation with
various autonomous sensors for the future effectiveness
anadysis of each sensor.

At this stage, there is no connection between the
system units. Recelving the data proceeds when we detach
a sensor unit and receive the data through the RM45
Interface, while charging the battery pack.

Sensor units are supposed to work 10-14 days in
ports Moerdijk and Rotterdam. Since the sensor units are
located on the Baffle Systems at the sea berth, it is
important to organize its convenient installation and
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dismantling. Thereis aso aneed for minimizing its time
because at thistimethe pier is standing by.

The most complicated part was to actudize the sensor
unit's podition in Moerdijk, since its Baffle System is
compacted enough (Fig. 5, 6) and our sensor unit has
significant dimensions (its battery can work autonomoudy
up to 14 days). We decided to divide our sensor unit into
2 parts: directly the part with sensors and the part with a
computer and the battery.

a b

Fig. 5. Moerdijk Baffle System. A schematic image:
a—sdeways; b —from above

Fig. 6. Moerdijk Baffle System. Port Photo

For the first stage the structure of the autonomous
unit was made according to the expected demands
(Fig. 7). Between main unitsit is possible to distinguish
the following:

e To find the digance between the pier and the
ship isdecided to use an Ultrasonic Distance Sensor.

e AnIndustrial Computer was used for the primary
processing and saving the data flow.

e Sighting the ship is decided to organize using a
magnetometer.

o A wave otillation and last mooring phases were
decided to analyze using an accd erometer and a gyroscope.

e Since it is a system made of multiple sensors
with the one data flow, to synchronize them and to process
correctly there is a need for GPS coordinates and some
time.

When choosing an ultrasonic sensor, it is important
to have a convenient way to connect it and get resultsin
addition to Moisture Protection parameters.

There was chosen a module of JSN-SR04T sensor,
which isawaterproof module with a measuring range up
to 5 meters and with aresolution of 1 cm. The module is
supplied with a signal preprocessing board and the
connection method through the UART Interface.

Since this modul e bel ongs to the budgetary sensors,
librariesto work with it are ported to major platforms.

The selection of accelerometer sensors, magneto-
meter and gyroscope is the most important part because
these sensors will provide the main flow of sensory
information.

Among different ready-made sensors we agreed on
the Xsense Mti-3 Module. The choice of this sensor is
due to the integration of 3D Gyroscope, 3D Accelero-
meter and 3D Magnetometer and a Thermometer in one
module. At the sametime this module performs preliminary
processing and correction of the results taking into account
temperature drift. The module is also characterized by
stability and quality of results.

The connection is occurring via the UART Inter-
face. The exigence of the software for its operation and
configuration is the biggest advantage.

Using a full-fledged computer is inefficient in
terms of dectricity use but it was a critical time to
implement the first version of the system and the ability
to quickly change the number and type of sensors and,
moreover, a software to work with them.

The computer for data storage and sensor pro-
cessing was sdlected on the basis of the NI-Z8350UL
Moatherboard (Fig. 9) [11].

This choice was justified by low power consump-
tion and compacted form-factor (10 mm-72 mm). The
cooling process occurs using a passive radiator and with
the absence of moving parts. This increases the rdiability
and durability of the device. There is an Intel Cherry
Trail Atom Z8350 CPU processor, 2 Gb of RAM and
flash memory devices. It is more than enough for the
system operation.
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Fig. 7. The structure of theimplemented system unit

External
synchronization
signals
(e.g Syncin, PPS)

3-axis Gyroscope

3-axis Accelerometer

3-axis Magnetometer

Synchronization
and timing

Calibration
(Temperature
dependent)

High rate SDI
(Coning &

sculling)

Aiding inputs
+ GPS/GNSS

+ Barometer

Message
interface
&

Outputs

Fig. 8. The structure of the Xsense Mti-3
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Fig. 9. Motherboard Giada NI-Z8350UL. a — a schematic image, b —a photo
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At the top of the sensor unit there is a module's
antenna and the GPS moduleitsdf. It hedps AT commands
to be transmitted viathe UART Interface.

The GPS Module is not needed for receiving the
coordinates but for getting the accurate time so the data
sets from the sensors have an exact timestamp.

Processing the data from the several sensor units,
data synchronization will occur exactly by timestamps.
The GPS module does not work constantly, because it
consumes a lot of energy, it is turned on several times a
day to adjust the clock that is located on the mother-
board.

A printed circuit board was invented for the sensor
part (Fig. 10), where we located all sensors, interface
converters, USB Hub and power supply circuits of each
of the PCB parts.

Fig. 10. A Sensor measurement unit

On the motherboard there was installed a Linux
Mint 32-bit operating system, with no graphic interface
and optimized for energy efficient work. The software
for collecting sensory information is crested in a Python
environment.

For receiving the maximum amount of information,
the frequency of sensor polling was as high as possible
and limited by the capabilities of the sensor itself. For
example, the magnetometer outputs data with a frequency
of 1 Hz and an accderometer with a frequency of 200 Hz.
The sensor unit has archived around 1.5 Gb of data during
the day.

According to preliminary estimates, about 1.5 kW
of eectricity was required for continuous operation of
the sensor unit for 10-14 days. It means that the main
device's volume will be occupied by the battery. In
Moerdijk’s Baffle System (Fig. 5) there is a technological
holeinsde. It is used for the sensor unit’ s battery location.

The Baffle System in Rotterdam port is huge
Fig. 14) and there is no need for a complicated battery

corpus, but to maintain compatibility and interchangesbility
it was agreed on making both battery units the same.

The battery was assembled from 120 Li-on 18650
cells and with a capacity of 3100 mAh. The preference of
these elements is well-grounded by their sze and by the
opportunity to collect on their bassthe battery module. A
case of the battery part (Fig. 11) is made of SAE 304
dtainless gedl and it is airtight because it will have an
instant contact with the seawater during the water inflow.

The sensor part’s case is made of dainless ged, easly
removable binding and airtight plagtic case (Fig. 10, 11).
There was chosen a pladtic case of the sensor unit because it
is important to ensure the magnetometer and the GPS
Module are working.

Fig. 11. The battery and sensor part
of the system’s measuring unit

On the first stage it was decided to ingtdl 3 system’s
sensor units. They were originaly built up in Moerdijk
port (Fig. 12, 13).

The battery part was planned on being located in
the technological hole and the sensor part was attached
to the Silicone Baffle Mechanism. The length of the
cable from the battery part to the sensor unit is about 50 cm.
The distance between the sensor nodes is 15 meters. It is
enough to cover the 50-60 meters ship.After the continuous
system’s work, for 10 days in Moerdijk the sensor units
were dismantled, the batteries were charged and the
sensor data was received. A prdiminary technica inspection
inside the sensor and battery system was conducted. The
next sep was to install sensor units in Rotterdam Port.
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Ingtallation took place into the specialy mounted brackets The Rotterdam’s Baffle System peculiarity is that
(Fig. 11). These brackets are important because The our Sensor Module is no longer attached to the rubber
Baffle Sysem in both portsis not smilar. The Rotterdam’s  base but to the metal sheet which makesthe magnetometer’s
Baffle Mechanisms are big and massive (Fig. 14, 15). work even more complicated.

The distance between the battery and sensor systems is
around 3 meters. The cable which connects the sensor
and battery systems passed through a massive circuit
(Fig. 15). Of course, it didn’t add reiability but it was
enough for system to work 10-14 days to receive a data
from the sensor units. The distance between the sensor
nodes was around 25 meters. It was also enough to cover
the ship of 50-60 meters.

Fig. 14. The System, ingtalled on the Baffle Systemin
Rotterdam. Sdeways

% :
Fig. 12. The System, ingtalled on the Baffle System
in Moerdijk. From above

Fig. 15. The System, ingtalled on the Baffle System
in Rotterdam From above

IV. CONCLUSION

Mooring the ship is a complicated and often
repetitive operation, in loaded ports there is a need to
optimize this procedure. It was decided to create the
Informational System to assist in the mooring process.

Fig. 13. The System, ingtalled on the Baffle System This article is given to discuss the first iteration of this
in Moerdijk. Sdeways system. There was analyzed the set of the required
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components, including: an ultrasonic sensor for deter-
mining the digance to the ship, a magnetometer for detecting
the ship, an accelerometer and a gyroscope to record the
number of wave oscillation and the last mooring stage,
the GPS Module for obtaining timestamps while saving
sensory data. The computing module is an Industrial
Motherboard with a compact form factor. The battery
module provides a convenient ingdlation and dismantling
from the Baffle System with 10-14 days of autonomous
work. There were 3 prototypes of measuring units imple-
mented. They were indtalled in Moerdijk and Rotterdam
ports. After having worked out a required period using
the sensor units, we got data for the future andysis. There
was found information about the sensor unit’s technical
disadvantages. This information will help us analyze the
gructure and modd for the next step of the cyber-physica
system to help moor a ship.
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