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ABSTRACT: In the paper the aim of an interdisciplinary research is presented. The research method is
introduced. An object the unmanned autonomous maritime vehicle is briefly described. The key research
problem concerns a combined model of the vehicle motion including the loads of lift and hydrodynamic nature.
The model takes into account the gravity and displacement forces, resistance and thrust forces, lift and other
hydrodynamic forces. One of the major research tasks is to precisely predict the position of the vehicle. To do
that an integrated model of acquiring, analyzing and processing the signals is necessary. The processed signals
may then be used for the precise steering of the vehicle. The vehicle should be equipped with a stabilization
system. Some information on an integrated steering, positioning and stabilization system of the vehicle is
briefly presented in the paper. Such the system enables to obtain a fully autonomous vehicle. Some information
on the propulsion and underwater energy supply systems are presented in the paper, too.

1 INTRODUCTION mission may be carried out. The simulation program

also allows to check how the coded algorithms work
The autonomous underwater vehicles perform at each step of operation. The vehicle motion may
locomotion and manipulation tasks that certainly determined que to the influence of interferences as
require a high precision positioning. The main aim of well. The des1gners'wo.u.ld be able to use the model to
the current research is to work out a precise posiﬁon determine the pOSSlblhtleS of further development of

stabilization ~system PPSS that ensures the the vehicle including the energy usage during the
stabilization of the position and the correct — mission.

orientation of the vehicle. The PPSS system should
operate independently of the main drive. The main
drive system is responsible for a good navigation.
The PPSS system has a separate electric executive
motors. An electric made drive allows the vehicle to
work in conditions of immersion and to charge The contemporary tasks of navy ships require to
unattended. In the paper the functional structure of  apply more and more advanced multi-task ships.
PPSS system, some elements of operation of the Despite of the size the multi-task ships are the
overall algorithm, a simulation model written in  platforms for the flying drones and unmanned
Matlab software and sample simulation results are =~ waterborne vehicles. The unmanned maritime
presented. Having the simulation model the research ~ vehicles may be the remote operated vehicles and
of the vehicle movements during the planned

2 THE RESEARCH

591



unmanned autonomous vehicles. The latest may be
called as the maritime or underwater drones.

In the paper the maritime and underwater drones
will be called as the unmanned maritime objects. The
reason is that the unmanned waterborne drones
sometimes may not be autonomous.

The primary task of an object should be able to
conduct a mission in such a way that the information
acquired by the object would directly be sent to,
processed and used by the command centre.

The main objective of the current research is to
work out a functional model of the advanced object
which should be able to move on the water surface
with a different range of speed. The same object
could move above the water surface for a short
period of time but the flight height should be less
than 5 meters. The object should have a special
power supply system enabling to work for at least 30
minutes up to a few hours before the new set of
energy supply is delivered.

The methodology of the current research is based
on the holistic approach. The implementation of this
approach to the design, construction and operation of
the object is novel. The research method combines
the performance-oriented approach with the risk-
based approach. The research problems associated
with development of a concept of the object moving
in two specific operational conditions is associated
with the following tasks to be performed: object
definition, assessment of object performance, steering
and control, safety.

The object is defined as a hybrid mono-hull
including the hull form, arrangement of internal
spaces, propulsion subsystem, ballast system and
other functional subsystems

The problem of estimating the object mass
requires to estimate the weight of the following
items:

— weight of all the materials used concerning the
weight of skin plates, main frames, etc.,

— weight of the propulsion system,

— weight of all the sub-systems and equipment,

— payload.

Then the object performance may be assessed.
This is connected with estimation the floatability,
stability, resistance and propulsion characteristics
first of all. After the steering and control
characteristics are estimated the maneuverability and
seakeeping of the object may be assessed. The
assessment of the object performance and risk
assessment may be done for the data operational
conditions and sequence of events under
consideration.

The concept of the object has been developed by
Mirostaw K. Gerigk, Profesor of Gdansk University
of Technology. He is responsible for the further
research and design where the object hull form,
choice of materials, construction and strength,
propulsion, energy supply, sea loads and object
hydrodynamics are the research and design drivers.
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Dr. Stefan Wojtowicz is generally responsible for the
development of the vehicle steering and control
systems. The entire research team consists of the
specialists from a few Polish research institutions.

3 THE METHOD

The research method is a kind of performance-
oriented risk-based method which enables to assess
the object safety at the design stage and in operation,
Gerigk (2010). The method takes into account the
influence of design and operational factors on safety
including the safety management related factors as
well. The holistic approach to assessment of the
object safety is applied. The method is based on
implementation of the system approach to safety.

For the object performance evaluation the
investigations using the physical models and
numerical simulation techniques may be applied.
The object performance estimation enables to take
into account the influence of the intermediate events,
additional events (releases) and consequences on the
object behavior. This may be done for the data
sequence of events for a scenario under
consideration.

The risk assessment is based on application of the
matrix type risk model which is prepared in such a
way that it enables to consider almost all the
scenarios of events. The criteria within the method is
to achieve an adequate level of risk using the risk
acceptance criteria, risk matrix, Gerigk (2010).
Providing a sufficient level of safety based on the risk
assessment is the main objective. It is either the
design, operational or organizational objective. Safety
is the design objective between the other objectives.
The measure of safety of the object is the risk (level of
risk).

The structure of the method is presented in
Figure 1, Gerigk (2010).

The method is based on the following main steps:

— setting the requirements, criteria, limitations,
safety objectives;

— defining the object and environment;

— identifying the hazards and identifying the
sequences of events (scenarios);

— assessing the object performance;

— estimating the risk according to the event tree
analysis ETA and matrix type risk model (risk is
estimated separately for each scenario separately);

— assessing the risk according to the risk acceptance
criteria (risk matrix) and safety objectives;

— managing the risk according to the risk control
options;

— selecting the design (or operational procedure)
that meet the requirements, criteria, limitations,
safety objectives;

— optimizing the design (or operational procedure);

— making the decisions on safety.
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Figure 1. Structure of the method of risk and safety assessment of ships and maritime objects,(M.K. Gerigk, 2010).

4 THE UNMANNED AUTONOMOUS MARITIME
VEHICLE

The primary aim of the research is to work out a
functional model of the object moving in two specific
operational conditions. The operational conditions are
related to the tasks the object is designed for.

The novel solutions have been applied regarding
the hull form, arrangement of internal spaces,
materials and propulsion system. The final hull form
is a combined "planning - wing in ground" hull form.
The basic arrangement of internal spaces has been
designed according to functional requirements. The
arrangement of the object internal spaces is very
much affected by the sub-systems predicted to be

installed. The sub-systems which have been taken

into account are as follows:

— air-jet propulsion sub-system,

— water-jet propulsion sub-system,

— power supply sub-system,

— ballast sub-system,

— air supply sub-system,

— hydraulic sub-system,

— steering sub-system,

— communication and navigation sub-system

— multi-task patrol sub-system or combat sub-
system.

The stealth technology achievements have been
applied to obtain the unique hydrodynamic and other
characteristics. The major factors enabling obtaining
the object stealth features are: hull form, hull skin
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cover, modified boundary layer, modified emission of
vibrations and acoustic (hydro-acoustic) space.

It has been anticipated that the object may have a
possibility to move on the water surface and for a
short period of time above the water surface. The
flight height is small and it is assumed to be less than
5 meters.

The second version of the object has the main
parameters as follows:

— overall length L - is equal to 5.8 meters,

— operational breadth B - is equal to 5.2 meters or 6.0
meters, depending on the wing system applied,

— breadth during transport Bt - is equal to 2.4 meters,

— height H - is equal to 1.1 meters,

— mass is equal to from 1.8 tons to 2.4 tons,
depending on the weight of equipment installed,

— maximum object speed on the water surface vws - is
equal to 15 meters/seconds,

— maximum object speed above the water surface
vaws - is equal to from 15 meters/seconds to 45
meters/seconds, depending on the air-jet
propulsion and wing system applied.

A visualization of the first, second and third
version of the object under consideration is presented
in Figure 2.

Figure 2. A visualization of three versions of the unmanned
autonomous maritime vehicle, (M.K. Gerigk, 2011-2015).

5 THE AIM OF CURRENT RESEARCH

One of the main research and design issues is to work
out a precise position stabilization system PPSS for an
unmanned autonomous maritime vehicle. This
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system is independent from the main propulsion
system which is responsible for the vehicle motion
controlled by the navigation system. Both the main
propulsion and PPSS systems have the acting
electrical engines. The electric propulsion enables the
vehicle to work during the submersible mode and
automatic energy uploading.

It should be possible to upload the batteries using
the installed photovoltaic batteries. The underwater
mobile uploading stands perhaps cause that the
vehicle is able to stay submerged without limitations.

The PPSS svstem should be treated as a separate
module because the activitv of the vehicle which is
connected with collecting the species, detecting the
obiects, scanning the sea bottom. geometrv
measurements of the surrounding environment using
the tools installed onboard the vehicle. All these
activities require a precise determination and keeping
the vehicle position and orientation.

Currentlv. the research is performed for a vehicle
model presented in Figure 3.

6 THE FUNCTIONALITY AND PHYSICAL
MODEL OF PPSS SYSTEM

Besides of the main propulsion system the vehicle has
a system of precise positioning. The system consists of
four thrusters as an example located horizontally or
vertically to the vehicle base plane. The PPSS system
needs to obtain the required position of the vehicle.
The position in 3D space is determined by the Nu i O
including point P: or by the plane H and points P:
and Pa. The position of the PPSS system thrusters
according to the vehicle base plane is presented in
Figure 3.

Figure 3. The position of the PPSS thrusters according to the
vehicle base plane, (S. Wojtowicz, M.K. Gerigk, 2015).

The physical model consists of the geometrical
position of the precise propulsion units, formal
description of the sensor system, Al (Artificial
Intelligence) system for analyzing the data and
system of effectors.

Four thrusters located symmetrically according to
the vehicle centre plane are installed in such a way
that the thrust vectors may be perpendicular to the
vehicle base plane if required. The vehicle motion
may be obtained using and steering the rotational
speed of four the thrusters in the same time.

For the modelling purposes in the case of small
values of vehicle speed during the precise positioning
it seems that the positions of the precise propulsion
units are very important. It is briefly presented in
Figures 4 and 5.



Figure. 4. A standard model using 6DoF, (S. Wéjtowicz,
M.K. Gerigk, 2015).
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Figure 5. The vectors of the precise propulsion units during
the positioning of the vehicle, (S. Wojtowicz, M.K. Gerigk,
2011-2015).

The 6 DOF (degree-of-freedom) model including
the linear u,v,w (surge, sway, heave) and angular p,
g, r ( roll, pitch, yaw) velocities is the base for
predicting the seakeeping characteristics of the
vehicle. The relative position to the sea bottom (or
GPS coordinates) is in the form the vector of position
x,y, z and Euler angles ¢, 0, y.

7 A COMPUTER SIMULATION OF PPSS SYSTEM

The computational model have been prepared using
the Matlab environment. There are six main
interrelated modules of the computational model. It is
possible to put in the preliminary and final position of
the vehicle, thrust of the propeller (rotational speed)
and expected impacts (current). Some preliminary
results of computer simulation of the PPSS system
work connected with the precise positioning of the
vehicle are briefly presented in Figure 6
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Figure. 6. The preliminary results of computer simulation of
the PPSS system work.

8 CONCLUSIONS

The autonomous underwater vehicles performs the
motion and manipulation tasks that require the high
precision positioning. The subject of the article was to
present the preliminary results concerning the precise
position stabilization system PPSS that ensures the
stabilization of the position and the correct orientation
of the vehicle. The paper covers the functional
structure of PPSS system, operation of overall the
algorithm, simulation model in Matlab environment
and sample simulation results.

The PPSS system operates independently of the
main propulsion system which is responsible for the
vehicle navigation. The PPSS system has a separate
electric executive motors form the main propulsion
system. Generally, the electric drive allows to work in
conditions of immersion and to charge the vehicle
batteries being unattended.

Using the simulation model it may be carried out
the research of the vehicle motion during the planned
mission. The simulation program also allows to check
how the developed algorithms are working at each
stage of operation. It is possible to analyze how the
vehicle motion is affected due to the different
interferences like the water current. For the designers
it is possible to use the model to further develop the
vehicle including tracking the vehicle energy usage
during the mission.

At the current stage of research the following tasks
have been performed:
- functionalitv of PPSS svstem,
— physical model of PPSS system,
— computer simulation of PPSS system.

BIBLIOGRAPHY

Albus J.S., 4D/RCS A Reference Model Architecture for
Intelligent Unmanned Ground Vehicles. Proceedings of
the SPIE 16" Annual International Symposium on
Aerospace/Defense Sensing, Simulation and Controls,
Orlando, FL, April 1-5, 2002.

Brasel M. Adaptacyjny regulator LQR w ukladzie
sterowania katem kursowym 1 predkoscig statku
opisanego nieliniowym modelem dynamicznym MIMI.
IAPGOS 2/2014, s.49-52.

Bieda R., Grygiel R.,, Wyznaczanie orientacji obiektu w
przestrzeni z wykorzystaniem naiwnego filtru Kalmana.
PRZEGLAD ELEKTROTECHNICZNY, ISSN 0033-2097,
R. 90 NR 1/2014

596

Borkowski P., Janusz Magaj J., Maka M., Positioning based
on the multi-sensor Kalman filter. Scientific Journals
Maritime University of Szczecin, 2008, 13(85) pp. 5-9.

Dudziak J. Teoria okretu. Fundacja Promocji Przemystu
Okretowego i Gospodarki Morskiej, Gdansk 2008.

Faltinsen O.M. Sea Loads on Ships and Offshore Structures.
Cambridge University Press, 1990.

Gal O., Unified Trajectory Planning Algorithms for
Autonomous Underwater Vehicle Navigation. Hindawi
Publishing Corporation, ISRN Robotics, Volume 2013,
Article ID 329591, 6 pages.

Galceran E., Coverage path planning for autonomous
underwater vehicles. Ph.D. Thesis, University of Girona
2014.

Gerigk M.K. Kompleksowa metoda oceny bezpieczenstwa
statku w stanie uszkodzonym  z uwzglednieniem
analizy ryzyka, Monografie 101, Wydawnictwo
Politechniki Gdanskiej, Gdansk 2010.

Gerigk M.K. Innowacyjne wielozadaniowe jednostki i
obiekty plywajace dla komponentu morskiego sit
zbrojnych RP. The Manual, 11th International
Conference & Exhibition "Advanced Technologies for
Homeland Defence and Border Protection". Zarzad
Targdw Warszawskich S.A., Intercontinental Hotel,
Warsaw, 14th May 2015.

Gerigk M.K., Wéjtowicz S., Model systemu sterowania
matego obiektu bezzalogowego poruszajacego sie na
powierzchni wody. Logistyka 2014 nr 6.

Kato N., Toshihide Shigetomi T., Underwater Navigation
for Long-Range Autonomous Underwater Vehicles
Using Geomagnetic and Bathymetric Information.
Advanced Robotics 23 (2009) 787-803.

Kinsey J.C., Eustice RM., Whitcomb L.L., A survey of
underwater vehicle navigation: recent advances and
new challenges. Proceedings of IFAC conf. on
Manoeuvring and Control of Marine craft. 2006, p. 12.

Madhaven R., Messina E., Albus J., Intelligent Vehicle
Systems A 4D/RCS Approach. Nova Science Publishers,
INC., New York 2006.

Neumann T. Multisensor data fusion in the decision
process in sea transportation. Prace Wydziatu
Nawigacyjnego Akademii Morskiej w Gdyni, nr 22,
2008

Pereira .A. A., Binney].,, Hollinger G. A, and Gaurav S.
Sukhatme G. S, Risk-aware Path Planning for
Autonomous Underwater Vehicles using Predictive
Ocean Models. Journal of Field Robotics 30(5), 741-762
(2013).

Tahir A.M., Igbal J., Underwater robotic vehicles: latest
development trends and potential challenges. Science
International (Lahore), 26(3),1111-1117,2014 ISSN 1013-
5316.

Tan C. S.,, A collision avoidance system for autonomous
underwater vehicles. Ph.D. Thesis The University of

Plymouth, Faculty of Technology, School of
Engineering, January 2006.
Teixeira F.J.CM.,  Terrain-Aided Navigation and

Geophysical Navigation of Autonomous Underwater
Vehicles. . Ph.D. Thesis Universidade Técnica de Lisboa,
2007.

Thompson D.R., Chien S.ChaoY. et al., “Spatiotemporal
path planning in strong, dynamic, uncertain currents,”
in Proceedings of the IEEE InternationalConference on
Robotics and Automation (ICRA ’10), pp. 4778-4783,
May 2010.

Thrun S., Burgard W., Fox D., Probabilistic Robotics. MIT
Press, 2005.

Tomera M, Pozycyjne sterowanie ruchem statku z réznymi
typami obserwatoréw. Badania symulacyjne. Zeszyty
Naukowe Akademii Morskiej w Gdyni, nr 78, marzec
2013.

Wang M., Yu Y., Zeng B., Lin W., Hybrid Intelligent Control
for Submarine Stabilization. International Journal of
Advanced Robotic Systems, 2013, Vol. 10, 221:2013.



