O
o
o
[q\]
~
=
/m
>
=
o
[=a]
A
(9]

=]
Z
(=
=
=
o
>

JOURNAL OF MARITIME RESEARCH

J M R

JOURNAL OF MARITIME RESEARCH

E J.Velasco, T. M. Rueda, E. Revestido, E. Lopez, E. Moyano and
L. A. Esquibel

EXPERIMENTATION ENVIRONMENT FOR MARINE VEHICLES

R. de la Campa, B. A. Rodriguez, M* C. Meizoso and B. Rivero

STUDY IN APPLICATION OF NATURAL LANGUAGE PROCESSING IN
MARITIME COMMUNICATIONS

R. Muiioz , J. Aranda, J. M. Diaz, S. Dormido and D. Chaos

A CONTROLLER DESIGN BY QFT METHODOLOGY FOR DYNAMIC
POSITIONING OF A MOORED PLATFORM

A. Fernandez and M. R. Chakkor
AIRFOIL SECTION OPTIMIZATION FOR USE IN SAILBOAT FOILS

Natasa Kovac and Sanja Bauk

THE ANFIS BASED ROUTE PREFERENCE ESTIMATION IN SEA
NAVIGATION

E. Barsan, L. C. Chiotoroiu, D. Dinu and R. Hanzu-Pazara

SIMULATION FOR TANKERS TOPPING-OFF CARGO LOADING

VOL.III No3
DECEMBER 2006




lmm OF MARITIME RESEARCH

Carlos A. Pérez Labajos
Editor

Amable Lépez Pifieiro
Assistant Editor

Alberto Pigazo Lépez
Associate Editor

Ana Alegria de la Colina
Edward Dalley

Kenneth Friedman

Sean Scurfield

Language Revision Committee

Antonio Diaz Hernandez
Navigation

Francisco Correa Ruiz
Andrés Ortega Piris
Maximo Azofra Colina
Marine Safety

Francisco J. Velasco Gonzalez
Automation in Marine Systems

Beatriz Blanco Rojo
Shipping Business

Enrique Cueto Puente
Technology and Tugs

Julio Barros Guadalupe
Victor M. Moreno Saiz
Alberto Pigazo Lopez
Ramon |. Diego Garcia
Electronic and Electrical Systems

Lara Beivide Diez
JMR Secretary

UNIVERSITY OF CANTABRIA

Escuela Técnica Superior de Nautica
¢/ Gamazo n°1, 39004 SANTANDER
Telfno (942) 201362; Fax (942) 201303

e-mail: info.jmr@unican.es
http://www.jmr.unican.es

Layout: JMR

Printed bay: Gréficas Fisa, S.L.
ISSN: 1697-4840

D. Legal: SA-368-2004

EDITORIAL BOARD

University of the Basque Country

Fernando Cayuela Camarero
Escuela Técnica Superior de Nautica y Maquinas Navales

José Antonio Casla
Dep. de Ciencias y Técnicas de la Navegacion, Maquinas
y Construcciones Navales

University of Cantabria

Juan José Achutegui Rodriguez
Escuela Técnica Superior de Nautica

Félix M. Otero Gonzalez
Dep. de Ciencias y Técnicas de la Navegacion y de la
Construccion Naval

University of Oviedo

Rafael Garcia Méndez
Escuela Superior de la Marina Civil

University of La Coruia

Angel Rodiguez Fernandez
Escuela Técnica Superior de Nautica y Maquinas

José Carbia Carril
Dep. de Energia y Propulsién Marina

Angela Alonso Millan
Dep. de Ciencias de la Navegacion y de la Tierra

University of Cadiz

Juan Moreno Gutiérrez
Facultad de Ciencias Nauticas

Francisco Piniella Corbacho
Dep. de Ciencias y Técnicas de la Navegacion y Teoria de
la Sefial y Comunicaciones

Juan Lépez Bernal
Dep. de Maquinas y Motores Térmicos

The Polytechnic University of Catalonia

Alexandre Monferrer de la Pefia
Facultad de Nautica

Ricard Rodriguez Martos Dauer
Dep. de Ciencia e Ingenierfa Nauticas

University of La Laguna

Alexis Dionis Melian
E.T. S. de Nautica, Maquinas y Radioelectrénica Naval

José Perera Marrero
Dep. de Ciencias y Técnicas de la Navegacion

Pedro Rivero Rodriguez
Dep. de Ingenieria Maritima




CONTENTS

Experimentation Environment for Marine Vehicles
F.]. Velasco, T. M. Rueda, E. Revestido, E. Lépez, E. Moyano and
L. A. Esquibel

Study in Application of Natural Language Processing in
Maritime Communications
R. de la Campa, B. A. Rodriguez, M2 C. Meizoso and B. Rivero

19

A Controller Design by QF T Methodology for Dynamic
Positioning of a Moored Platform
R. Mufioz, J. Aranda, J. M. Diaz, S. Dormido and D. Chaos

37

Airfoil Section Optimization for Use in Sailboat Foils
A. Ferniandez and M. R. Chakkor

53

The ANFIS Based Route Preference Estimation in Sea
Navigation
N. Kovac and S. Bauk

69

Simulation for Tankers Topping-Off Cargo Loading
E. Barsan, L. C. Chiotoroiu, D. Dinu and R. Hanzu-Pazara

87







Journal of Maritime Research, Vol. III. No. 3, pp. 3-18, 2006

JMR Copyright © 2006. SEECMAR

Printed in Santander (Spain). All rights reserved
ISSN: 1697-4840

EXPERIMENTATION ENVIRONMENT FOR
MARINE VEHICLES

F.]. Velasco!, T. M. Ruedal, E. Revestido!, E. Lépez2, E. Moyano! and
L. A. Esquibel3

ABSTRACT

This paper describes an experimentation environment for the various trials and
manoeuvres performed to verify the stability and steerability of marine vehicles
using autonomous in-scale physical models. The model has an Industrial PC
which communicates through a wireless network with the laptop on land, which
can in turn be connected to other PCs through Internet using 3 generation Uni-
versal Mobile Telephone System (3G UMTS) technology. To do this, a software
support developed in LabVIEW is used. It is possible from a distance, via the
web and via DataSocket, to view data and modify the parameters of all of the
instruments of the platform using the wireless network with Wireless Fidelity
(WiFji) technology and also the Internet network with 3G UMTS technology.
The software accepts different protocols of communication with the platform
and is appropriate for performing the sea trials most widely used at present for
determining the characteristics of steering and manoeuvring of marine vehicles,
such as: turning circle, zig-zag manoeuvre, pull-out manoeuvre and spiral
manoeuvre.

Key words: Experimentation environment, marine vehicles, full-scale trials,
Wi-Fi, wireless.

INTRODUCTION

The first step in the building of a new vessel is to design an in-scale model of
the vessel and to carry out trials in a hydrodynamic testing tonk in order to obtain

1 Grupo de Informatica y Automitica, U. Cantabria. 2UPV/EHU. 3 Universidad de Leén
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the mathematical model of the vessel. With this model, by means of simulation, sev-
eral sea trials are performed to determine the vessel’s manoeuvring characteristics
(Fossen, 1994 and Lopez et al, 2004): turning circle, zig-zag manoeuvre, pull-out
manoeuvre and spiral manoeuvre. With these trials, the characteristics of the
dynamic behaviour of the vessel can be measured, an indication of its stability in a
straight-line trajectory can be obtained, its robustness and the limitations of the
control system can be assessed and the behaviour of the vessel in emergency situa-
tions can be evaluated. Once the vessel is built, the sea trials are repeated in the open
sea in order to verify whether the same results are obtained as in the simulation.

In the MCYT Project DP12003-09745-C04-03 and in the MEC projec
DPI2006-11835, the remote experimentation environment for marine vehicles
described in this paper was built. It has an in-scale physical model of a high-speed
vessel, TF-120 (Figure 1). This model is autonomous and is controlled remotely from
a laptop computer using a software support developed in LabVIEW (LabVIEW 7,
2003 and Bishop, 2004) and by means of a Wi-Fi connection. All of the elements
which make up the system and which will be described below are industrial. The
main reason for selecting this type of elements is their robustness and reliability. In
this experimentation environment, the installation of a vessel is successfully emulated.

Figure 1. In-scale model of the TF-120 vessel

The experimentation environment developed enables data-gathering and the
steering of the model of the TF-120 vessel, for the Guidance, Navigation and Con-
trol (GNC). With this model, it is possible to perform the various sea trials required
to determine the steering and manoeuvring characteristics of the in-scale model of
the TF-120 vessel or of any other vessel. This will complement the trials which can
only be carried out through simulation in a hydrodynamic testing tenk. Moreover,
with this experimentation environment, it is also possible to perform manoeuvres for
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actions in cooperation with other vessels, such as assistance to a damaged vessel,
towing manoeuvre and joint operations between ships or sailing in proximity. The
various experiments are performed in an uncontrolled environment, in this case, The
Bay of Santander.

The data obtained from the zig-zag and turning circle trials can be used for
the identification of a mathematical model relating the heading of the vessel with
the rudder angle of the propulsion turbojets. Using this mathematical model, con-
trollers can be designed for the control of the manoeuvres mentioned above and for
the monitoring of the planned trajectories (Ollero, 2001), and these can then be val-
idated in the experimentation platform as a prior step to their real implementation.

FULL-SCALE MANEUVERING TRIALS

In order to verify the ship’s maneuvering characteristics, some standard ship
manoeuvres can be performed allowing the ship’s dynamic behaviour characteristics
to be measured and the robustness and the limitations of the ship control system to
be evaluated. The manoeuvring characteristics can be obtained by holding or chang-
ing a predetermined course and speed in a systematic way.

In accordance with the recommendations of the 14th ITTC (1975) and other
resolutions of the International Maritime Organization (IMO) (Haro, 2004), tests
have to provide owners and builders with information on the operating characteris-
tics of the ship. These must address the course-keeping, course changing and emer-
gency manoeuvre characteristics. In order to determine the efficiency of the vessel in
course-keeping, the tests methods proposed are: the direct or reverse spiral test and
the zigzag manoeuvre test with small rudder angle. To determine the quality in the
course changing behaviour, the zigzag manoeuvre test and the 15 degrees helm turn-
ing test and change of heading test are recommended.

A small description is given below of some of the standard ship manoeuvres.
A detailed description one can see in Lépez et al. (2004).

Turning Circle

This manoeuvre is used to determine the ship’s steady turning radius and to
verify the behaviour of the steering gear and rudder control during course-changing
manoeuvres. It should be performed to both port and starboard at maximum speed,
with a maximum rudder angle and with a rudder angle of 15°. It is necessary to do a
turning circle of 540° at least to determine the main parameters of this trial.

Pull-Out Manoeuvre

The pull-out manoeuvre is a simple test used to obtain a rapid indication of
the stability of a straight-line course held by a ship.

JOURNAL OF MARITIME RESEARCH 5
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A rudder angle of approximately 20° is applied and time is allowed to pass
until the ship reaches a constant change of heading rate. At that instant, the rudder
is returned to neutral position. If the ship is stable, the speed will drop to zero both
for port and starboard rudder changes. If the ship is unstable, the change of heading

rate will drop to some residual speed rate.

Kempf’s Zig-Zag Manoeuvre

The zig-zag manoeuvre is obtained by inverting the rudder alternatively by
d° to both sides, with a shift of y from the initial course. The normal course chang-
ing value y is 10°. A modified trial can also be taken into account with a course
changing of 20°. The 14th ITTC conference recommends executing the manoeu-
vres at maximum approach speed and, if possible, also at medium speed.

The results of this manoeuvre are indicators of the capacity of the rudder to
control the ship’s heading. They can also be used to compare different ship manoeu-
vring capacities. The normal zig-zag manoeuvre begins with the application of the
rudder angle to starboard.

Direct and reverse spiral tests

These manoeuvres provide a qualitative measure of the directional stability of
the ship in a straight line. For ships which show stable characteristics, the Dieudon-
né direct or Bech inverse spiral tests can be used to obtain the response to small rud-
der angles. For unstable ships, the 14th ITTC recommends the Bech inverse spiral
test within the limits indicated by the results of the pull-out manoeuvres.

REMOTE EXPERIMENTATION

The experimentation environment is made up of the set of components
shown in Figure 2.

The graph shows
both those elements which
remain on land and those
which are lodged on the
marine vehicle. The com-
munication between the
two is made through a
wireless system with two
access points, one on land
connected via wireless to

- EARTH ~
the laptop PC and another Access point. .‘ ()

on the sea vessel connected ForabiePc e

to the industrial PC by Figure 2. Elements necessary for the monitoring of a trajectory.
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means of a network cable. The laptop also has a 3G UMTS card, which allows
another PC or PCs to connect through Internet to the laptop. The propulsion is
made up of a series of engines, which make the turbine of their corresponding turbo-
jets rotate. Each engine is regulated by a speed variator, which is commanded by a
Pulse Width Modulation (PWM) control circuit.

By means of the GPS electronic gyrocompass (KVH, 1997), the current
heading, position, time etc. is obtained. These data are sent to the PC using the
National Marine Electronics Association (NMEA) 0813 communications protocol
through the series gate RS232.

Thanks to the GPS RCB-L]J receiver incorporated in the TIM-LF chip
(TIM, 2004), fairly accurate data on the position and speed of the vessel, as well as
other parameters, are obtained. This chip accepts the protocols UBX, NMEA and
RTCM.

In order to obtain data on the movement of the physical model, two triaxial
accelerometers are used, one located at stern and the other at bow. The inertial meas-
urement unit (UMI) also provides values for the six degrees of freedom of movement
of the model.

An application called SCADA _Industrial.vi installed in the Industrial PC
will be in charge of presenting on screen and storing all the data measured by the
instruments on board. It is also possible to modify the control parameters to follow a
given trajectory. LabVIEW (Bishop, 2004) allows communication between the
SCADA_Laptop.vi application being run on the laptop PC and its corresponding
application in the Industrial PC (SCADA_Industrial.vi) using different communi-
cation protocols. The exchange of data between the various PCs is possible thanks to
the publication of data with a DataSocket server or a web server.

The SCADA_Laptop.vi application publishes data on the DataSocket server
to be able to exchange data with the corresponding application on the Industrial PC
(SCADA_Industrial.vi) and also publishes data on the web servers that data can be
exchanged with another or other computers. That is, from a computer connected to
Internet, the application of the laptop PC can be accessed with the right address and
this application of the laptop can access the application of the industrial PC thanks
to the DataSocket server.

Trial Platform Manoeuvres

The various manoeuvres described above can be performed in the experimen-
tation platform developed.

In order to perform the change of heading required in each of the manoeu-
vres, the rotation angle of the in-scale TF-120 vessel model’s turbojets is modified.
Next, the data from the various instruments of the platform such as the electronic
gyrocompass and the GPS are gathered and stored.

JOURNAL OF MARITIME RESEARCH 7
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It should be noted that for the turning circle, the platform allows maximum
rotation angles of around 30° to port and to starboard.

The zig-zag manoeuvre is performed as follows: assuming that the physical
model starts from an initial heading of 0°, the software support makes a change in
the turbojet angle of 0° to 20°. Thus, until the platform exceeds 10° of heading,
measured with the electronic gyrocompass, the platform does not surpass from 20°
to -20° of angle of the turbojet. In the same way, until the platform exceeds -10° of
heading, the platform does not change from -20° to 20° of angle of the turbojet. A
minimum of five cycles are required to perform the full manoeuvre. The platform is
prepared to modify the angle of comparison of the actual heading from 10° to 20°
and the rotation angle of the turbojet from 20 to 10°, so that various combinations of
the zig-zag manoeuvre can be performed.

In order to carry out the spiral manoeuvre trial in the remote laboratory, the
marine vehicle must initially sail in a straight line. The rotation angle of the turbojets
is then changed 25° to starboard and is kept thus until the system establishes itself.
Then, the rotation angle is successively reduced by 5° each time until it reaches 25°
to port. In the rotation angle range near 0°, the angle is decreased to values lower
than 5° in order to obtain more accurate data.

The remote laboratory is capable of capturing the data on the heading of the
vessel using a gyrocompass, of making a numerical derivation and thus obtaining the
change of heading rate. This allows the pull-out manoeuvre to be performed. If the
marine vehicle is stable for the straight line navigation, the change of heading rate
when the angle is modified from 20° to 0°, should drop by the same value to star-
board as to port. If not, the vessel is instable.

DEVELOPMENT OF SOFTWARE SUPPORT OF ENVIRONMENT
For the development of the software support, version 7.1 of LabVIEW has

been selected as the graphic programming environment, since this is a Standard and
because it allows graphic interfaces to be developed simply and in real time. Another
important characteristic of LabVIEW is that it allows the testing of different types
of controllers to be carried out fairly simply. Figure 3 shows the different control sig-
nals of the system actuators which may be: the signal of the propulsion speed, the
signal of the propulsion direction and the signals of the stabiliser flaps. Each engine
is controlled by a speed variator, a servomotor and a PWM control circuit, but the
analogue control signal of the data acquisition card may be the same for the different
engines or not. In this way, the turbojet rotation angle and the speed of rotation of
the engine are practically the same.

All of the manoeuvres are programmed in this software support so that they
can be performed automatically. To do this, the Industrial PC has a resident applica-
tion, SCADA_Industrial.vi, which controls the movement of the turbojets in order
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Figure 3. Control of propulsion.

to perform the manoeuvres. It also captures and stores the data from all of the
instruments that make up the platform.

Software support communications system

The communication between the computer located on land and the one posi-
tioned on the sea vessel is made through a wireless network using Wi-Fi technology
based on the standard 802.11g (Planet, 2004). The laptop PC can in turn communi-
cate with one or several PCs equipped with a 3G UMTS mobile telephone card
with transmission speeds of 384 Kbps.

The connection will function at the maximum speed allowed for maintaining
an optimum transmission automatically. This is, for an 802.11g protocol: 54, 48, 36,
24,18,12,9 or 6 Mbps. The speed will depend on the distance the client is from the
point of access, on whether or not there is encrypting between the client and the
point of access, on the existence of interference in the 2,4 Ghz band (mobile tele-
phones, microwaves, ...).

The laptop links with the industrial PC through the access points by means
of omnidirectional antennas which allow a distance between access points of around
250 metres, the result being the same as if the two pieces of equipment had been
connected to a typical local area network. By having an access point in repeater
mode, the coverage is tripled, with the only drawback that the technical specification
forbids WPA encrypting between two access points configured in repeater mode, so
that all of the information we send can only be encrypted in Wired Equivalent Pri-
vacy (WEP) mode, an encryptation which has proven to be vulnerable, even in its
128 bit version. The laptop PC also has a 3G PCMCIA card, which allows access to

Internet. Once connected to Internet, it is possible to connect with any other PC or

JOURNAL OF MARITIME RESEARCH | =]
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PCs connected to Internet. Access point2

These PCs may be connected to N Pe
Internet via an Ethernet cable or IndustrialPe w |f3|r;ard

using a 3G PCMCIA card, as /,
can be observed in Figure 4. /

=
Publication of Vis in ﬁ‘§ ﬁ S \‘

N

DataSocket Ser ver and -

. i Laptop Pe

in Web Server Access point 1 wificard 3G
In order to be able to access Point Access 1: Mode Repeater

the SCADA type application Access Point 2: Point Access mode

being run on the Industrial PC
via the wireless network and at
the same time be able to access
this application from another or
other PCs through Internet, it
was necessary to combine
DataSocket technology and the
web publication of LabVIEW, in
the software support, as can be
seen in Figure 5. T Y |

There are two graphic inter- DataSocket_Server. exe i TR

. http://laptop/
faces with the same appearance: SCADA_Laptop.vi.htm
once called SCADA_Industri- I

Figure 4. Elements which make up the wireless network

PC Industrial

SCADA_Industrial.vi |

|

PC (3G PCMCIA card)

al.vi which is run on the Indus- SCADY Lapiop.vi |
trial PC and another called | *
SCADA_Laptop.vi which is run web_Server.exe
on the laptop. These two appli- ., + ----------------
. . . . aptop.vi.htm
cations interchange information Laptop
bidirectionally through the Lab- (36 PCMCIA card )
VIEW DataSocket server in the (WIFi card Infegrated)
laptop. Any control modified by Figure 5. Software System Applications

the use in the remote application

of the laptop will automatically

be modified in the application of the Industrial PC. At the same time, the
SCADA_Laptop.vi application publishes its data on the web server which is also in
the laptop. Thus, any other PC connected to Internet may have access to this applica-
tion and take over the control at any moment. A PC, or more than one PC, can be
connected through Internet, as can be observed in Figure 5. It must be borne in mind,
however, that only one of them can assume control of the application while the others
can only visualise the data.
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The implemention of the communications system described above might
have been undertaken using only DataSocket technology (DataSocket, 2003). How-
ever, apart form the SCADA_Industrial.vi for the Industrial PC and SCADA_Lap-
top.vi for the laptop, it would have been necessary to design one application for each
computer connected to Internet that wanted to connect to the laptop. This is why
web server technology is also being used since, in this way, any computer connected
to Internet can access the laptop by typing in the corresponding address in a search
engine, such as Internet Explorer, without the need to create a new application for
each computer that wants to connect to the laptop. For all of these reasons, the most
adequate solution is to combine DataSocket technology with the LabVIEW web
server technology.

When using DataSocket technology, each of the controls of the
SCADA _Industrial.vi application or the SCADA_Laptop.vi application which
form the user interface, such as the scroll bars, on/off buttons, text frames, etc. are
the elements denominated ‘items’.

These items are published through a DataSocket Server capable of publishing
data so that other client processes can read them or write them. In our system, the
SCADA_Laptop.vi application is connected to the DataSocket server where all of
the items of this application are published, in reading and writing mode (Figure 6). In
the same way, the SCADA_Industrial.vi application is connected to the DataSocket
server through the wireless network to access the data published by the client applica-
tion of the laptop. The Client
application of the Industrial PC | PC industrial | PG Foel
subscribes to the data published SCADA_Industrial.vi m——ump-‘”‘
by the laptop and only has read-
ing capacity, not writing.

The technology includes |

the DataSocket Transfer Protocol DataSocketServer.ex
(DSTP) communication protocol ; ..... o
used by LabVIEW, a protocol T T b ttem2

based on TCP/IP. It is possible to :
connect the DataSocket server :
using DSTP URL, as shown in
the following example.

The URL below connects in the DataSocket server the data called Item1
which is being run in the same computer, the local computer, which may be the lap-
top where the SCADA_Laptop.vi. application is available.

Figure 6. DataSocket communication

Dstp://localhost/Item 1

The URL below connects the data from the industrial PC to the Item1 in the
DataSocket server which is running in the laptop connected to the wireless network.
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buena_maetiro_man

SCADA_Laptop.vi

PC connected to Internet

3 comunicacion_serie_buens_maestro_maniobras

dedwo  Edcdn Ve Faviritts  Hemamsertas

Figure 7. Communication via web between the Industrial PC and the laptop .
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Dstp.//Direccion_PCPortatil/lItem]

In this way, data are exchanged through the wireless network between the
industrial PC and the laptop with a single DataSocket server.

Once the above-mentioned applications are connected to the wireless net-
work using DataSocket technology, the network can access from an external net-
work, such as Internet, the SCADA_Laptop.vi application via the web server. For
this, it is necessary to key in the corresponding address in a search engine such as
Internet Explorer. The parameters of this URL specify on the one hand the web
server address, which in this case is the address of the laptop, and on the other hand
the name of the corresponding application (SCADA_Laptop.vi). The full address is
given below:

http://address.server-web/nameVI htm
The SCADA_Laptop.vi application of the laptop and the application

embedded on a web page which can be seen when the corresponding address is
keyed in Internet Explorer appear in Figure 7.

RESULTS OF SEATRIALS WITH THE PLATAFORM

Figures 8 and 9 below show the results of the turning circle manoeuvre made
with the platform (Velasco, 2006).

Figure 8 show the turning circle towards starboard. In the abscissa axis, the
number of samples captured with a sampling period of 0.1 s. are represented. In the
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Figure 8. Evolution towards port curve
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ordinates axis, the data on the heading measured with the electronic gyrocompass
are shown as well as the turning angle of the turbojets. In the case of the evolution
towards port, a turbojet angle of 30° has been set. This figure shows a first phase of
approximation, typical of the manoeuvre, in which the heading of the physical
model remains constant with a turbojet angle of 0°. Then, the turbojet angle is
modified to 30°, which is when the physical model begins to rotate towards port,
and this turbojet angle is maintained until the model passes 360° twice to perform
the full manoeuvre (Bech, 1968).

Figure 9 shows the evolution towards starboard curve, following the same
philosophy as for the port manoeuvre. For this curve, a turbojet rotation of -30° has
been set.

400 - - | =======' Heading(’)
Turbojet Angle(®)

b e byt ety gty ot Ly

|
e g e e s S B T
|

1 1 1 1 l l L 1 L 1 1

-600 ! .
0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500 6000 6500 7000 7500 8000 8500 9000

Figure 9. Evolution towards starboard curve

In the development of these trials, a constant position of 0° degrees has been
set for the bow flaps and 7,5° for the stern T-foil.

CONCLUSIONS

A remote experimentation environment for marine vehicles for in-scale mod-
els of vessels has been designed, with all of the instrumentation required to emulate
the installations of a real ship. A software system has been designed for this platform,
capable of communicating via the web, capturing data and controlling the manoeu-
vres and steering of the physical in-scale model of a high-speed TF-120 vessel.
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The correct functioning of the model has been verified in the manual/auto-
matic/manual operating modes.

It has been verified that the establishment of communications through the
wireless network is correct. To do this, the communication between each PC and
their access point and also the bidirectional communication between each PC and
its point of access are verified. Once these checks have been made, the data pub-
lished on the web server of the Industrial PC can be accessed from the laptop with-
out any problem. Communication between the 3G PCMCIA of the laptop and
Internet is also verified as well as the correct communication between another or
other PCs to Internet, whether it be using Ethernet cable or other 3G PCMCIA
cards. LabVIEW allows the connection to the web server of up to a maximum of 5
PCs. The software support design is intended to make an efficient use of the CPU
memory and resources.
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ENTORNO DE EXPERIMENTACION DE
VEHICULOS MARINOS

RESUMEN

En este articulo se describe un entorno de experimentacién para los distintos
ensayos y maniobras para comprobar la estabilidad y gobernabilidad de vehiculos
marinos con modelos fisicos a escala auténomos. El modelo tiene un PC Indus-
trial que se comunica a través de una red inaldimbrica con el PC portitil en tierra,
el cual se puede conectar a otro u otros PCs a través de internet mediante tec-
nologia 3G UMTS. Se ha implementado un soporte software en el PC Industri-
al, que es capaz de adquirir y almacenar datos de todos los instrumentos de la
plataforma de ensayos de forma remota.

Palabras clave: Entorno de experimentacién, vehiculos marinos, pruebas de
mar, wifi, inaldmbrico

INTRODUCCION

El entorno de experimentacién de vehiculos marinos, tiene todos los elemen-
tos necesarios para emular la instalacién de un buque real y es capaz de realizar todas
las maniobras necesarias para comprobar la estabilidad y gobernabilidad de vehiculos
marinos como paso previo a la implementacién real. Tiene un modelo fisico a escala
de un buque de gran velocidad, TF-120. Este modelo es auténomo y se controla
remotamente desde un PC Portatil mediante comunicaciones inaldmbricas tipo
WiFi. Ademis, el PC portitil se puede conectar a otro u otros PCs a través de inter-
net mediante tecnologia 3G UMTS y de esta forma se puede controlar y visualizar la
plataforma desde otro PCs.

METODOLOGIA: PRUEBAS DE MAR

Las pruebas de mar que se utilizan principalmente para verificar las carac-
teristicas de maniobra del buque, también permiten medir las caracteristicas del
comportamiento dindmico del buque asi como la robustez y las limitaciones del sis-
tema de control y proporcionan informacién sobre las caracteristicas de fun-
cionamiento del buque en el mantenimiento y cambio de rumbo y en las maniobras
de emergencia.

Para determinar la eficacia del comportamiento del buque para el manten-
imiento de rumbo se utilizan la prueba en espiral directa e inversa y la maniobra de
zig-zag con édngulos del timén pequefios. Para determinar la calidad del compor-
tamiento en la maniobra de cambio de rumbo se recomiendan la maniobra de zig-
zag, la prueba de evolucién de 15° de timé6n y la maniobra de cambio del rumbo.

JOURNAL OF MARITIME RESEARCH | 17



EXPERIMENTATION ENVIRONMENT FOR MARINE VEHICLES

Para determinar la capacidad del buque ante situaciones de emergencia, las pruebas
de mar mas convenientes propuestas son: prueba de evolucién con el méximo timén
y maniobra de parada de emergencia o “crash-stop”.

En este articulo se realiza una pequefia descripcién de algunas de las manio-
bras mds habituales y se han obtenido los datos de diversas curvas de evolucién con
el modelo fisico a escala.

SOPORTE SOFTWARE

En este soporte software estin programadas todas las maniobras para que
puedan ser realizadas de forma automdtica. Para ello se dispone de una aplicacién
residente en el PC Industrial embarcado en la plataforma, llamada SCADA_Indus-
trial.vi, que aparte de realizar las maniobras, se dedica a la captura y el almace-
namiento de los datos de todos los instrumentos que integran la plataforma.

Para poder acceder a la aplicacién de tipo SCADA que se esta ejecutando en
el PC Industrial a través de la red inaldmbrica y al mismo tiempo poder acceder a
esta aplicacién desde otro u otros PCs a través de Internet ha sido necesaria la com-
binacién, en el soporte software, de la tecnologia DataSocket y publicacién web de
LabVIEW. La comunicacién entre el PC Industrial y el PC Portitil se realiza a
través de una red inaldmbrica de tipo WiFiy la conexién entre el PC Portitil y otro u
otros PCs se realiza a través de Internet.

Como se ha dicho, la comunicacién entre el ordenador situado en tierra y el
situado en el vehiculo marino se realiza a través la tecnologia WikFi basada en el
estindar 802.11g. El PC portitil se puede comunicar a su vez con uno o varios PCs
que dispongan de tarjeta de telefonia mévil 3G UMTS o que estén conectados a
Internet de cualquier otra forma, con velocidades de transmisién de 384 Kbps.

CONCLUSIONES

Se ha desarrollado una plataforma de ensayos de vehiculos marinos en la que
se ha disefiado y montado una instalacién con los actuadores y la instrumentacién
necesaria para realizar la captura de datos y control de la plataforma, de tal manera
que, se pueda realizar maniobras tipicas para determinar caracteristicas de maniobra-
bilidad de vehiculos marinos. Se ha disefiado un sistema software para esta platafor-
ma, que dispone de una red inaldmbrica para comunicar el vehiculo con el PC
portatil en tierra y ademds, existe la posibilidad de acceder a esta red mediante Inter-
net. La aplicacién disefiada se encarga de capturar datos y controlar el modelo fisico
del Turbo-Ferry TF-120.

Se ha verificado que el establecimiento de las comunicaciones y el fun-
cionamiento de la instalacién en los modos de actuacién manual/automdtico/manual
es correcto. Se ha comprobado el correcto funcionamiento del girocompis electréni-
co descartando cualquier posibilidad de incompatibilidad electromagnética.
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ABSTRACT

Recent research on maritime accidents done at the School of Nautical Studies at
the University of A Coruiia (Spain) shows that nearly 20 per cent of accidents in
maritime settings have been due to, among other causes, communication prob-
lems derived from the lack or misuse of a common language.

Moreover, automatic speech translation, a technology that combines
speech recognition and automatic translation, has been for more than a decade
the focus of research as a tool for improving communication in different settings.

Similarly, this technology can be applied, to a greater or lesser extent, in
communicative processes that take place in the maritime workplace so as to min-
imise problems stemming from multilingual environments, especially those in
which communication takes place via the use of radio devices, in which the
inclusion of an automatic translator could enable two people of different nation-
alities, for example, to communicate with each other in their own native lan-
guages. This article describes a system of this type whose feasibility is being
studied at the Universidad de A Corufia, under the auspices of a university-
financed project called “Language Industries Applied in the Maritime Sector”.

What this project seeks, therefore, is to study the legal and technical pos-
sibilities, as well as the commercial suitability of developing an automatic trans-
lator for oral communications in the maritime sector, and in such a case, to
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A Corufia (rosamary@udc.es). 2 Departamento de Ingenieria Industrial. Escuela Universitaria Politécnica.
Universidad de A Corufia, Ferrol (benigno@udc.es). 3 Departamento de Ingenieria Industrial. Escuela Uni-
versitaria Politécnica. Universidad de A Corufia, Ferrol (mmeizoso@cdf.udc.es)

JOURNAL OF MARITIME RESEARCH | 19



STUDY IN APPLICATION OF NATURAL LANGUAGE PROCESSING IN MARITIME ...

establish the foundations for such a development, as well as to study the implica-
tions that the use of a device with such features would have on maritime safety.
Likewise, this project seeks to develop the simulator for learning and using mar-
itime phrases and for the creation of the corresponding curricular material.

Key words: maritime communications, human language technologies, auto-
matic translation, comunicaciones maritimas, tecnologias del lenguaje, tra-
duccién automdtica.

INTRODUCTION

Recently, at the School of Nautical Studies at the University of A Coruiia, a
statistical study has been conducted on the subject of maritime accidents between
1994 and 2001 (de la Campa, 2003) with the aim of determining a possible relation
between communication problems stemming from the lack of or misuse of a com-
mon language, and these accidents.

The study’s results show that communication problems that stemmed from
the language were a leading factor in approximately 20% of maritime accidents.

However, using different risk evaluation techniques and based on the data in
the maritime accidents reports, it was determined that the risk of a maritime acci-
dent happening due to communication problems stemming from language is at a
tolerable level. Hence it seems advisable to establish corrective means that lead to
lowering this risk to the lowest possible level. Hence, the School of Nautical Studies
at the University of A Corufia has proposed a series of corrective measures that
mainly focus on the following points:

— The improvement of the quality of the process of teaching/learning mar-

itime English;

— The use of new technologies, mainly the so-called language industries, in
order to improve the communication process in the maritime sector;

— Heightening the awareness of the responsibility of maritime managers in
relation to training, contracting and education of multilingual crews, as
well as establishing and maintaining an adequate security policy.

This article focuses on the second point mentioned above and endeavours to

offer an overall view of the various possibilities that the so-called language industries
can offer the maritime industry with the aim of improving security in this sector.

LANGUAGE INDUSTRIES: GENERALALITIES

Computational linguistics is the study of computer systems that are useful for
the understanding and generation of natural languages, which based on the language
processes enable computers to undertake activities of a linguistic nature (such as
translating), process textual data, or make personal access to stored data easier

(Grishman, 1986).
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Those products, techniques, services or activities which require an automatic
treatment of natural language, that is, which use computational linguistics as a
resource, but whose aim is not the description of the language, are what is known
nowadays as language industries (Cabré, 1993). These language industries mainly
proceed from the combination of two fields of study: linguistics and computer sci-
ence, along with the contribution of other sciences such as engineering, psychology,
logic and documentation.

These linguistic products contribute to perfecting the interaction and use of
computer systems, to improving the effectiveness of the assimilation, analysis, selec-
tion, use and presentation of information, and to making means of generation and
translation of natural language available (Oficina del Espafiol en la Sociedad de la
Informacién, 2000).

The products that are most directly useful for the maritime industry are those
that are related to automatic translation, teaching, natural language interfaces and
speech recognition and reproduction systems.

AUTOMATIC TRANSLATION

According to Hutchins (1986), there have been and are numerous reasons for
attempting to achieve automation of the translation process. Perhaps the most
important reason is the need to improve univocal communication between special-
ists from different nationalities, in order to decrease the amount of time it takes to
translate technical documents and to increase the number of translations of this type
into several languages.

The translation process can be done on any type of text, but automatic trans-
lation is more useful when it deals with technical texts, since they usually do not use
rhetorical and literary tropes and are limited to well-defined spheres of language,
and are characterised by a style that is limited to a series of determined structures.

However, and despite the wide range of methods, all of the automatic transla-
tion processes pose problems that are not associated with the technology, but rather
with the language. Linguistic problems related to translation are those that deal with
lexical ambiguity, syntactic complexity, the difference of vocabulary between lan-
guages, and elliptical or incorrect grammar constructions.

These problems can be reduced by implementing certain restrictions on the
original text, such as the use of controlled languages by adapting the original texts
with constructions and vocabulary that the programme can translate, or by restrict-
ing the types of texts by designing programmes for a specific and well defined variety
of texts.

With regards to this point, and within the maritime sector, there is the possi-
bility of studying the viability and usefulness of the automatic translation of commu-
nication processes based on the use of the Standard Marine Communication Phras-
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es of the IMO, with the aim of avoiding misunderstandings due to, for example, dif-
ferences in the pronunciation of the English language or to the limited knowledge of
these phrases in said language.

NATURAL LANGUAGE PROCESSING

The technology of natural language processing “covers a broad range of activ-
ities with the eventual goal of enabling people to communicate with machines using
natural communication skills” (Cole, 1997), and includes systems that are able to do
speech synthesis processes (automatic generation of speech from a symbolic repre-
sentation) and speech recognition (speech conversion into a symbolic representa-
tion). The latter process, that is, speech recognition, can take place on three different
levels: recognition of the language that is being spoken, recognition of the content or
meaning of what is being spoken, and recognition of the speaker (Mariani, 1991).

All of these processes could be applied in the medium term to improve activi-
ties in the maritime sector. Hence for example, many of the activities that require,
during the operation of a ship, man-machine communication processes, could be
controlled by voice recognition and/or speaker recognition devices so that they can
assure that the orders that are given are understood and executed correctly. Likewise,
a device that incorporates automatic translation to speech recognition and synthesis
could act as the “interpreter” in operations that require very controlled language and
take place in a multilingual environment.

THE PROJECT OF THE SCHOOL OF NAUTICAL STUDIES AT THE
UNIVERSITY OF A CORUNA

Introduction

As we stated before, all of these processes can be applied to a greater or lesser
extent in maritime communications, with the goal of minimising the problems that
arise from a multilingual environment, especially in those communications that take
place via radio devices, in which the inclusion of an automatic translator would
enable two people of different nationalities, for example, to communicate with each
other in their native tongues. The viability of a system of this type is being studied at
the School of Nautical Studies at the University of A Corufia in a project financed
by this university, called “Language industries applied to the maritime sector”.

This system could be of great value when the messages that are sent have
been standardised. Consequently a quality translation and a perfect comprehension
are guaranteed.

The development of a translator that can be used commercially requires a
high level of “maturity” of the utilised technologies, as well as a state of legality that
does not prevent its use. Even if these conditions are not fulfilled, the present state of
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the technology enables, following the same steps, the development of simulator sys-
tems for the learning and use of the standard phrases.

What this project intends, therefore, is to study the legal and technical possi-
bilities, as well as the commercial suitability of developing an automatic translator
for oral communication in the maritime sector, and to establish the bases for this
development. At the same time we seek to study the implications that the use of a
device of such characteristics would have on maritime security. Likewise we wish to
pursue the development of the simulator for learning and using maritime phrases
and the preparation of the corresponding curricular material. In order to lay the
foundation for this study, as well as for the development, it is necessary to make up a
list in the form of a database of standard phrases that are commonly used in the
marine sector.

The Project’s Objectives

The aim of this project is to open up a line of research on the use of ICT
[Information and Communication Technologies] in order to improve oral commu-
nication processes that use the standard phrases in the maritime sector.

These are the main objectives that have been established:

1. The creation of a digital sound database of standard phrases for maritime

communication.

2.The development of a learning support system, as well as of a system of the

usage of standard phrases.

3.The study of:

a) the legal and technical possibilities,

b) the commercial suitability of the development of an automatic translator
for oral communication in the maritime sector,

c) (if it is fitting) the establishment of the bases of said development, and
the implications that the use of a device of such characteristics would
have on maritime security.

All of these objectives share stages of development and interact among each
other, and thus mutually reinforce each other. The attainment of these objectives
would be the result of working on the following specific points:

1. Establish the univocal communication needs in the maritime sector and

the implications of these communications on maritime security.

2. Study the International Maritime Organisation’s provisions on the estab-
lishment of a common language for maritime communications as well as
the use of standard vocabulary in such communications.

3. Study the suitability of the development of an automatic translator for
maritime communications, taking into account the following:

a) The legal implications of implementing this system.
b) The implications on maritime security of the use of this system.
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4. Establish the linguistic needs for the development of an automatic transla-
tor for maritime communications on the basis of:

a) The attainment and analysis of genuine spoken samples of ship-to-ship
and ship-to-land maritime communications.

b) The study of genuine standard vocabulary in maritime communication
on the basis of collected samples.

¢) The recognition and association between standard and non-standard
phrases through the comparative study of collected samples and the
standard glossaries issued by the International Maritime Organisation.

5.The development of a system of assessment (simulator) that enables the
studying of the technological needs for the development of an automatic
translator for maritime communications. This automatic translator will be
readapted as a learning support system and as a system of the usage of stan-
dard phrases. An analysis of the features will focus on:

a) The transformation of standard voice-to-text phrases and vice-versa,
based on genuine samples, that should determine the rate of accuracy
and reliability of the system.

b) The study of disturbances and possibilities of elimination based on
genuine samples.

6. Adaptation as a learning-assistance system and usage of the standard
phrases. Preparation of the course

7.The establishment of the equipment needs in order to develop an automat-
ic translator for maritime communications: physical characteristics of the
equipment, composition and cost.

8. The study of the commercial prospects of developing such a translator.

Methodology

The current project bases a large part of its content and development on col-
lecting and analysing genuine samples of communications in the maritime sector.
These samples should be obtained on site, that is, on board the merchant ships in
order to register the genuine ship-to-ship and ship-to-land communications, and in
maritime traffic control towers or in other locations for genuine ship-to-land com-
munications.

The presence on board of several members of the research team will be essen-
tial. They will be responsible for taking these samples and for beginning to process
them.

Then these samples will be immediately analysed linguistically in the labora-
tory, and used to run different tests on language processing and to eliminate noise.

The conclusions of this analysis, and its comparison with the availability of
speech processing technologies, translation, voice synthesis, all of them in real time
will enable one to establish the equipment needs for the development of an automat-
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ic translator for maritime communications: characteristics of the equipment, compo-
sition and cost.

The positive assessment of the technical and legal aspects for the develop-
ment of the translator, leads to the study of commercial prospects, through the
search for companies in the telecommunications sector that are interested in proto-
typing and undertaking the complete development of the system.

On the other hand, the negative assessment of the technical and/or legal
aspects, does not permit a commercial translator in the short term, but it does not
impede the development of the learning-assistance simulator system and of the sys-
tem of usage of standard maritime phrases, developed on a PC and which consists of
readapting the translator-assessment system that is complemented by the prepara-
tion of curricular materials.

The following is a summary of the work that has been done until now on each
point:

1. Establish the univocal communication needs in the maritime sector and the
implications of these communications on maritime safety.

The international character of maritime commerce entails getting people
from very different nationalities, languages and cultures in contact, who will work
efficiently in a complex setting.

The most common way people interact is, without a doubt, through oral
communication, which in this environment becomes hindered by the aforemen-
tioned coexistence of different nationalities.

Communication on board a ship can take place in the crew members’ native
tongue, as long as they come from the same country or share a common mother
tongue. However, multinational and multilingual crews are more and more usual
each time, a factor that obliges ships to establish a common work language for the
safe operation of the ship. Knowledge and the ability to use said language must be
shared by the entire crew. It is with this aim in mind that English is the language
that is chosen in the majority of the cases.

As for the interaction between ships or between these and shore services,
English has become the means of communication at sea. As a result, the entire oper-
ation of the international maritime industry, safety at sea and the protection of the
sea environment, depend in many aspects on the level of knowledge and use of this
language. According to Loginovsky (2002), the globalisation of the maritime indus-
try requires sailors to be more highly qualified and to have a higher level of training
and certification than previously required. Communication is closely linked to safety
nowadays, and communication problems have negative effects not only on the oper-
ability of the ship, but also on the social life on board.

We are aware, according to the bibliography consulted, that these communi-
cation problems can have several origins, among which the following stand out:
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— The crew members’ linguistic incompetence, as a result of a low level of
English;

— Differences in the level of knowledge of English among the crew mem-
bers;

— Difficulty to assimilate different accents and understand new and particu-
lar forms of English;

— Environmental difficulties that are inherent to this sector, such as voice
distortions via VHE, or the high noise level that hinders communication
in the engine room.

2. Study the International Maritime Organisations provisions on the establish-
ment of a common language for maritime communications as well as the use of
standard vocabulary in such communications

Despite technological advances in means and procedures to facilitate the
exchange of information between ships and between ships and shore services, such
advances cannot have the desired positive effect if attention is not paid to the devel-
opment of the crew members’ linguistic skills: “linguistically under qualified officers,
either on deck or in the engine room, create a danger to their ships, crews and pas-
sengers, to other vessels and to the marine environment” (Trenkner, 1996: 125)

The International Maritime Organisation is, obviously, aware of this situation,
and recognising its responsibility with regards to maintaining safe navigation and
maritime commerce, they have attempted for many years to improve verbal commu-
nication in this sector by championing the standardisation of use at the international
level firstly with the approval of the Standard Marine Navigation Vocabulary
(SMNV) in 1973, and currently with the renewal and expansion of this vocabulary as
a result of the approval in 2001 of Standard Maritime Communication Phrases.

Moreover, with regards to the use of natural language recognition, it is necessary
to keep in mind that the positive achievements of this technology are due to, among
other things, the use of the so-called “controlled languages” among interlocutors.

These languages stand out mainly because of their simplicity based on the use
of a limited vocabulary and the simplification of grammar rules.

In the maritime sector, Standard Maritime Communication Phrases, created
by the International Maritime Organisation, fulfil the necessary conditions to be
considered a controlled language, and are thus suitable for use in an automatic
speech translation system.

3. Study the suitability of the development of an automatic translator for maritime
communications.

One of the main objectives of this project is to study the feasibility of the
application of new computer technologies and communication in maritime commu-
nications, with the aim of improving its effectiveness as well as to highlight the
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aspects of maritime safety related to these technologies. In this sense we have sum-
marised in this section the findings of a Delphi study undertaken to establish the
legal, commercial and technical feasibility of the use of this type of resources, by
consulting maritime experts who mainly work professionally in an international
communication environment.

From among all the conclusions gathered in this study it is interesting to

highlight the following points:

— A large majority of experts agree that oral communication between peo-
ple of different nationalities can entail a safety problem in the maritime
workplace; they also consider that the most problematic communications
are those that take place with the exterior: ship-to-ship and ship-to-
shore.

— Moreover, general knowledge of English is considered the most problem-
atic area in exterior communications, as differences in pronunciation and
accent and knowledge of standardised vocabulary are considered to be
factors that are also very problematic in the development of such commu-
nications.

— To improve these exterior communications experts insist on the need,
above all, to attach greater importance to the teaching of maritime Eng-
lish; they also indicate the need to involve maritime administrators and
the appropriate authorities so that they insist upon a minimum level of
English from those involved in such communications. The use of a stan-
dard international maritime language is highlighted as the third best solu-
tion to these communication problems.

— Once a possible design for equipment that would use speech recognition
and automatic translation as an aid to exterior oral communications is
proposed, almost 70% of the experts would recommend the development
of equipment with these features, and 85% would offer to try out the
equipment in case such equipment were developed and in a trial period.

— Almost 80% of the experts surveyed would select equipment that is inde-
pendent of VHE, which in any case could be adapted to it whenever it
were necessary.

— As for the more problematic areas that would have to be kept for the
proper running of the equipment, the reliability of the voice recognition
system and the time taken up for translations are underlined as the most
problematic and difficult technical and linguistic impediments to over-
come.

— Finally, according to the experts who were surveyed, user friendliness,
price and reliability are, in this order, the most important features that are
to be kept in mind when deciding on the possibility of acquiring equip-
ment with such characteristics.

JOURNAL OF MARITIME RESEARCH | 27



STUDY IN APPLICATION OF NATURAL LANGUAGE PROCESSING IN MARITIME ...

4. The attainment and analysis of genuine spoken samples of ship-to-ship and ship-

to-land communications. The study of the genuine use of standard vocabulary in

maritime communications based on the collected samples. The recognition and asso-

ciation between standard and non-standard phrases through a comparative study of
the collected samples and the International Maritime Organisation’s standard
vocabulary.

This project bases a large part of its content and development on the gather-
ing and analysis of real samples of communications in the maritime sector. These
samples have been obtained in situ, that is to say on board merchant ships in order to
register real ship-to-ship and ship-to-shore communications, and in traffic control
towers or by means of other devices for real ship-to-land communications.

Up to now almost a hundred conversations have been obtained between
ships, and between ships and land services. These have been transferred to a database
for further analysis. Finally as well, a comparative analysis is being done of real
vocabulary used in these conversations and vocabulary contained in the Standard
Maritime Communication Phrases, as well as a study on the use of these phrases in
real conversations.

5. The transformation of voice-fo-text standard phrases, the study of disturbance
and possibilities of elimination based on genuine samples. The transformation of
text-to-voice standard phrases

We see our simulator as a system that links several sequential processes, in
such a way that taking as the point of entry a phrase said by a speaker in his or her
native tongue (Spanish in this case), it transforms it into a standardised phrase in
meta(English), as shown in Graphic 1.

Translated
Original Word Standard Standard
Phr;sc Speech chain Compara[or Phrase Phrase

of Standard Translator R

Phrases

——» recogniser

Graphic 1: sequential processes of simulator

Our aim is to assess current technologies in order to verify the reliability of
the entire process. To this end we initially assessed each one of the stages in an inde-
pendent manner:

a) Speech recogniser; even though our problem is limited to a controlled lan-
guage, we selected a commercial application for continuous language
recognition with an extensive vocabulary, Dragon Naturally Speaking ver-
sion 8. This processor requires the speaker to receive training. In order for
the application to run under optimum conditions after the initial training
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period, the speaker was given the specific vocabulary of standard phrases,
and the group of phrases as a model of the language. Under these condi-
tions the rate of accuracy in the recognition of phrases in continuous flow
was approximately 97%. It must be noted that the processor shows a pref-
erence for a particular type of speaker during the training phase, and the
required signal/noise ratio is very high.

b) Comparator with standard phrases; this module takes the word chain pro-
vided by the Recogniser, and establishes the similarity with the group of
standard phrases, choosing from among these the one that is closest to the
word chain. This module is in the development stage; until now the fre-
quency of each word of the vocabulary has been established as well as the
concordance between groups of words; these parameters allow for the
reconstruction of a standard phrase starting from some of its elements,
and thus they make it unnecessary for the word chain to be exactly the
same as a particular standard phrase. What remains to be done for the
complete development of the module is to add the work on the groups of
real conversations, which are already at our disposal but have not yet been
sufficiently processed.

¢) Translator; this element is not difficult to develop since the translation is
not real, but rather once the comparator identifies a standard phrase in any
language, its translation into any other language is basically a matter of a
consultation or a group of consultations (if the phrase contains variables)
of a database.

The assessment of the state of the technology in order to undertake the pro-
posed development is the following: The voice recognition system that is dependent
upon the speaker in low noise conditions is sufficiently developed in order to under-
take the recognition of standard maritime communication phrases.

It is now necessary to continue the study on the following points:

— Noise conditions

— The sturdiness of the recognition in the presence of noise

— The strategies of noise filtration (conventional or adapted)

— The similarity between used and standard phrases

We have assumed as significant sources of error the following: the speaker’s
use of non-standard phrases, and the errors made by the speech recogniser module,
due either to surrounding noise that cannot be eliminated or to other causes.

The elimination of the aforementioned errors should take place in two ways:
a technological solution involving the development of an efficient filtering system,
and also the creation of a comparator module that would maximise the rate of accu-
racy in the selection of standard phrases; the second means is educational in nature
as the officers who are involved in the communications should know and be able to
use standard phrases correctly, according to the IMO’s recommendations.
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6. Adaptation as a learning-assistance system and usage of the standard phrases.
Preparation of the course

With regards to the teaching of Standard Phrases, which is the area that
interests us the most in terms of the objectives of this research, the IMO’s own reso-
lution (2001) indicates the following points of reference:

— The objective of Standard Phrases is not to provide a detailed study plan

of maritime English.

— Part A should be an essential element of any type of curriculum designed
to fulfil the requirements of training Agreement 78/95

— Standard Phrases are to be taught and learned in a selected way, according
to the specific needs of the user, and not as a whole.

— Teaching should be based on common practices in the maritime sector
and should be imparted in accordance with modern methods of language
learning that are considered to be appropriate.

Moreover, keeping the second point in mind, in which Standard Phrases were
considered to be a controlled language, suitable for use in the automatic translation
process, it is important to indicate that with regards to the learning and teaching of
controlled languages, as noted by Mitamura (1999), in order for the use of a con-
trolled language to be successful, it is critical that the users be able to accept the
notion of a controlled language, and that they be willing to receive training in the
controlled language in question.

According to this author, it seems that the users who are trained and use the
controlled language habitually attain better results and a higher level of communica-
tive productivity.

Thus the need to establish appropriate training methodologies in the use of
Standard Phrases becomes clear in order to comply with the International Maritime
Organisation’s regulations and also as a provision for the use of these phrases as a
controlled language of maritime communications which is subject to being
processed by recognition and speech translation equipment.

We have therefore dedicated this point to studying several of the methodolo-
gies that are used nowadays in the teaching of English in the maritime sector, which
can be used, and in fact some of them are being used to teach the IMO’s Standard
Phrases, and which use, furthermore, the new information and communication
technologies as a teaching tool in order to follow the Organisation’s recommenda-
tion in relation to appropriate and modern teaching methods.

7. The establishment of equipment needs for the development of an automatic trans-
lator for maritime communications: equipment characteristics, composition and cost.

The type of communication that our research focuses on is done with VHF
and VHF-DSC (Digital Selective Calling) equipment. The equipment that we pro-
pose as the final product must, necessarily, respect the specifications of these types of
equipment, not impede their use and be activated upon the operator’s request.
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Given the current state of technological development, a simple solution is a PC
built-in to the VHF equipment itself, while the external aspect of the system would
include a feedback screen for the user so that he or she can be aware of the informa-
tion that is being transmitted when using the automatic translation, or could even be
informed that he or she should desist from using this mode.

This equipment will permit sending synthesised voice with the standard
phrase and will also be able to emit a digital code that will enable receiving equip-
ment of similar characteristics to recognise the phrase directly.

A more efficient solution could be the development of a processing card with
a DSP as a nucleus of the same card.

Another one of the needs that has to be evaluated in terms of noise is the
incorporation of a multi-microphone system that allows for an adaptable filtration in
order to improve the signal/noise ratio.

8. The study of the commercial prospects of developing the translator.

During this first year of the development of this project, contact has been
made with Arteixo Telecom, which after having shown interest in the development of
the equipment is presently assessing the feasibility of its commercialisation. We trust
their judgment, given the implementation of their equipment in the naval sector, even
if until now they have focused on developments for the Fishing sector and the Navy.

At this point one might think of multiple scenarios, but we shall only consid-
er two assuming that the rest are variations of these.

A technologically favourable scenario: If the development of this equipment
is possible, this situation should be faced with the legal scenario: What bodies
should approve the use of such type of equipment? We must not forget that its usage
will take place in an international setting. This undoubtedly generates a significant
delay between the technological availability and the possibility of using it.

A technologically unfavourable scenario: It is not possible with the current
state of technology to create equipment with the appropriate characteristics. The
eventual increase of features will make this scenario evolve towards the aforemen-
tioned situation. In this case the technological and legal delays can overlap, if we
begin to work immediately on the latter aspect. In any case it is foreseeable that the
delay due to legal restrictions will always be greater than due to technological rea-
sons, because while the product is not available one cannot assess its effect on mar-
itime security, which is the ultimate objective.

Either of the two scenarios leads to a similar situation, that is, the fact that the
product will not be ready immediately; however given the fact that the possibility of
creation has been proven, the development depends on the industrial’s sector
involvement. Thus, in the last part of the project and once the results of the prior
stages have been evaluated, telecommunication companies will be contacted, espe-
cially those that are involved, or wish to be involved, in the maritime sector, to assess
the possibility of collaboration and development.
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APLICACION PARA PROCESAR EL LENGUAJE
NATURAL EN LAS COMUNICACIONES
MARITIMAS

RESUMEN

Un reciente estudio sobre accidentes maritimos llevado a cabo desde la Escuela
Técnica Superior de Ndutica y Mdquinas de la Universidad de A Coruiia, mues-
tra que cerca de un 20% de los accidentes en el dmbito maritimo han sido debi-
dos, entre otras causas, a problemas de comunicacién derivados de la falta 0 mal

uso de una lengua comiin.

Por otro lado, hace mds de una década que la traduccién automatica del
habla, tecnologia que combina el reconocimiento del habla y la traduccién auto-
mitica, es objeto de investigacién como herramienta para la mejora de las comu-

nicaciones en diversos ambitos.

Esta tecnologia puede ser aplicada, de igual forma, en mayor o menor
medida en los procesos comunicativos que tienen lugar en el dmbito maritimo
con el fin de minimizar los problemas derivados de los ambientes multilingiies,
especialmente aquellos en que las comunicaciones tienen lugar mediante el uso
de aparatos de radio, donde la inclusién de un traductor automdtico podria per-
mitir a dos personas de diferente nacionalidad, por ejemplo, comunicarse entre
ellos en sus lenguas nativas. El siguiente articulo nos describe un sistema de este
tipo cuya viabilidad estd siendo estudiada en la Universidad de A Coruiia, al
amparo de un proyecto financiado por dicha universidad denominado “Las

industrias de la lengua aplicadas al dmbito maritimo”.

Lo que el mencionado proyecto pretende, por lo tanto, es estudiar las
posibilidades legales y técnicas, asi como la conveniencia comercial del desarrollo
de un traductor automadtico para las comunicaciones orales en el dmbito mariti-
mo, y en su caso, establecer las bases de dicho desarrollo, a la vez que estudiar las
implicaciones que sobre la seguridad maritima tiene el uso de un dispositivo de
tales caracteristicas. Igualmente se persigue el desarrollo del simulador para el
aprendizaje y uso de las frases maritimas y la elaboracién del material curricular

correspondiente.

INTRODUCCION

Recientemente, en la Escuela Técnica Superior de Nautica y Mdquinas de la
Universidad de A Corufia, se ha llevado a cabo un estudio estadistico sobre acciden-
tes maritimos acaecidos entre los afios 1994 y 2001 con el fin de determinar una
posible relacién entre los problemas comunicativos derivados de la falta o mal uso de

una lengua comun y dichos accidentes.
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Los resultados obtenidos de tal estudio indican que, en aproximadamente un
20% de los accidentes maritimos, los problemas comunicativos derivados del lengua-
je fueron un factor desencadenante.

Por otro lado, mediante el uso de diversas técnicas de evaluacién de riesgos y
basindose en los datos obtenidos de los informes sobre accidentes maritimos men-
cionados, se determiné que el riesgo de ocurrencia de un accidente maritimo debido
a problemas comunicativos derivados de la lengua se encuentra en un nivel tolerable,
por lo que parece recomendable el establecimiento de medidas correctoras que con-
lleven la disminucién de dicho riesgo al minimo nivel posible.

Asi pues, y desde la propia Universidad de A Coruiia, se han propuesto una
serie de acciones correctoras centradas principalmente en los siguientes puntos:

— La mejora en la calidad del proceso ensefianza/aprendizaje de inglés mari-

timo.

— La utilizacién de las nuevas tecnologias, principalmente aquellas denomi-
nadas industrias de la lengua, para la mejora del proceso comunicativo en
el Aambito maritimo.

— La exaltacién y concienciacién sobre la responsabilidad de los gestores
maritimos en cuanto a la formacion, contratacién y educacién de tripula-
ciones multilingiies, asi como sobre el establecimiento y mantenimiento
de una adecuada politica de seguridad.

El presente articulo se centra en el segundo de los puntos arriba indicados y
pretende presentar una visién global de las varias posibilidades que las llamadas
industrias de la lengua pueden ofrecer a la industria maritima con el fin de mejorar la
seguridad en este Ambito.

OBJETIVOS

La tecnologia del procesamiento del lenguaje natural cubre un amplio rango
de actividades cuyo propdsito es permitir a las personas comunicarse con las méqui-
nas usando las habilidades propias de la comunicacién natural, e incluye los sistemas
capaces de realizar los procesos de sintesis del habla (generacién automitica del
habla a partir de una representacion simbélica) y reconocimiento del habla (conver-
sién del habla en una representacién simbélica). Este ltimo proceso, el reconoci-
miento del habla, puede llevarse a cabo en tres niveles diferentes: reconocimiento de
la lengua en la que se habla, reconocimiento del contenido o significado de lo que se
habla, y reconocimiento del hablante.

Todos estos procesos podrian aplicarse, en un plazo de tiempo medio, en la
mejora de las actividades en el ambito maritimo. Asi por ejemplo, muchas de las acti-
vidades que requieren, durante la operacién del buque, procesos comunicativos hom-
bre-mdquina, podrian ser controladas mediante dispositivos de reconocimiento de la
voz y/o reconocimiento del hablante, de manera que aseguren que las érdenes dicta-
das son correctamente entendidas y ejecutadas.
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