ResearchGate

See discussions, stats, and author profiles for this publication at:

Assessment of a critical area for a give-way
ship in a collision encounter

Article /n Archives of Transport - January 2015

DOI: 10.5604/08669546.1169212

CITATIONS READS
2 115
2 authors:

o)

= Gdynia Maritime University & Waterborne Tra... @ Finnish Geospatial Research Institute

35 PUBLICATIONS 74 CITATIONS 84 PUBLICATIONS 683 CITATIONS

SEE PROFILE SEE PROFILE

Some of the authors of this publication are also working on these related projects:

Strategic and operational risk management for wintertime maritime transportation system

(STORMWINDS)

Project

Project Human Factors in Risk-Based Design Methodology "FAROS"

All content following this page was uploaded by on 29 October 2015.

The user has requested enhancement of the downloaded file.


https://www.researchgate.net/publication/283181861_Assessment_of_a_critical_area_for_a_give-way_ship_in_a_collision_encounter?enrichId=rgreq-ae96d5ad069e531b78a2f454143a04f9-XXX&enrichSource=Y292ZXJQYWdlOzI4MzE4MTg2MTtBUzoyODk4MjY0NDUyNTA1NjFAMTQ0NjExMTQxNzc3Mw%3D%3D&el=1_x_2&_esc=publicationCoverPdf
https://www.researchgate.net/publication/283181861_Assessment_of_a_critical_area_for_a_give-way_ship_in_a_collision_encounter?enrichId=rgreq-ae96d5ad069e531b78a2f454143a04f9-XXX&enrichSource=Y292ZXJQYWdlOzI4MzE4MTg2MTtBUzoyODk4MjY0NDUyNTA1NjFAMTQ0NjExMTQxNzc3Mw%3D%3D&el=1_x_3&_esc=publicationCoverPdf
https://www.researchgate.net/project/Strategic-and-operational-risk-management-for-wintertime-maritime-transportation-system-STORMWINDS?enrichId=rgreq-ae96d5ad069e531b78a2f454143a04f9-XXX&enrichSource=Y292ZXJQYWdlOzI4MzE4MTg2MTtBUzoyODk4MjY0NDUyNTA1NjFAMTQ0NjExMTQxNzc3Mw%3D%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/project/Human-Factors-in-Risk-Based-Design-Methodology-FAROS?enrichId=rgreq-ae96d5ad069e531b78a2f454143a04f9-XXX&enrichSource=Y292ZXJQYWdlOzI4MzE4MTg2MTtBUzoyODk4MjY0NDUyNTA1NjFAMTQ0NjExMTQxNzc3Mw%3D%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/?enrichId=rgreq-ae96d5ad069e531b78a2f454143a04f9-XXX&enrichSource=Y292ZXJQYWdlOzI4MzE4MTg2MTtBUzoyODk4MjY0NDUyNTA1NjFAMTQ0NjExMTQxNzc3Mw%3D%3D&el=1_x_1&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Przemyslaw_Krata?enrichId=rgreq-ae96d5ad069e531b78a2f454143a04f9-XXX&enrichSource=Y292ZXJQYWdlOzI4MzE4MTg2MTtBUzoyODk4MjY0NDUyNTA1NjFAMTQ0NjExMTQxNzc3Mw%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Przemyslaw_Krata?enrichId=rgreq-ae96d5ad069e531b78a2f454143a04f9-XXX&enrichSource=Y292ZXJQYWdlOzI4MzE4MTg2MTtBUzoyODk4MjY0NDUyNTA1NjFAMTQ0NjExMTQxNzc3Mw%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Przemyslaw_Krata?enrichId=rgreq-ae96d5ad069e531b78a2f454143a04f9-XXX&enrichSource=Y292ZXJQYWdlOzI4MzE4MTg2MTtBUzoyODk4MjY0NDUyNTA1NjFAMTQ0NjExMTQxNzc3Mw%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Jakub_Montewka?enrichId=rgreq-ae96d5ad069e531b78a2f454143a04f9-XXX&enrichSource=Y292ZXJQYWdlOzI4MzE4MTg2MTtBUzoyODk4MjY0NDUyNTA1NjFAMTQ0NjExMTQxNzc3Mw%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Jakub_Montewka?enrichId=rgreq-ae96d5ad069e531b78a2f454143a04f9-XXX&enrichSource=Y292ZXJQYWdlOzI4MzE4MTg2MTtBUzoyODk4MjY0NDUyNTA1NjFAMTQ0NjExMTQxNzc3Mw%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Jakub_Montewka?enrichId=rgreq-ae96d5ad069e531b78a2f454143a04f9-XXX&enrichSource=Y292ZXJQYWdlOzI4MzE4MTg2MTtBUzoyODk4MjY0NDUyNTA1NjFAMTQ0NjExMTQxNzc3Mw%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Jakub_Montewka?enrichId=rgreq-ae96d5ad069e531b78a2f454143a04f9-XXX&enrichSource=Y292ZXJQYWdlOzI4MzE4MTg2MTtBUzoyODk4MjY0NDUyNTA1NjFAMTQ0NjExMTQxNzc3Mw%3D%3D&el=1_x_10&_esc=publicationCoverPdf

European Journal
of Navigation

[ [ | [ [ | [ [ |

The leading journal for systems, services and applications
December 2014 | \ \ \ \ | |

Vol. 12 - No. 3

GPS Simulation - Testing - Towards the assessment of - Stereo Visual Odometry

for Critical Navigation - a critical distance between : for Indoor and Outdoor

Applications - two encountering ships in : Navigation Applications
. open waters

4" .7 .15




European Journal

of Navigation

The leading journal for systems,
services and applications

<UTE Of
m
%

»
ION-CH

S

Y011y

&,

4O NSy,

o ]
< e g
St e
Z 7N -
MO ‘.l ) FarRUm
= » =S - Polish Navigation

aviars

The European Journal of Navigation (EJN) is the common publication
of presently eight European Navigation Institutes (DGON, ION-CH,
NIN, NNF, OVN, PIN, PNF, RNN) for its members and individual subscri-
bers. The EJN is published by Maritime University of Szczecin.

Managing Editor
Arkadiusz Tomczak

Institute Editors

DGON Klaus Linka

ION-CH Edward Byrne

NIN Johan Rutten

NNF Borje Forssell

OVN Robert Weber

PNF Stanislaw Oszczak
PIN Paulo A Rafael da Silva
RNN Johan Malmstrom

Supervisory Board

DGON  Hermann Rohling

ION-CH Bertrand Merminod

NIN Rein van Gooswilligen

NNF Lars E Magnusson

OVN  Stephan Mayer

PNF Andrzej Felski
Stanistaw Gucma

PIN Paulo A Rafeal da Silva

RNN Bo Jonsson

a.tomczak@am.szczecin.pl

linka-dgon.bonn@t-online.de
byrne@fsrm.ch
dirmin@gmail.com
borjeforssell@iet.ntnu.no
rweber@mail.tuwien.ac.at
oszczak@uni.olsztyn.pl
rafa.el@sapo.pt
johan.malmstrom@afconsult.com

rohling@tu-harburg.de
bertrand.merminod@epfl.ch
rvangooswilligen@gmail.com
lars.e.magnusson@telia.com
stephan.mayer@ffg.at
afelski@poczta.onet.pl
s.gucma@am.szczecin.pl
rafa.el@sapo.pt
jagpalm@netcabo.pt
bo.jonsson@Im.se

Websites Contributing Institutes

DGON www.dgon.de
I0N-CH www.ion-ch.ch
NIN www.navnin.nl
NNF WWW.nornav.org
OVN www.ovn.tugraz.at
PNF www.nawigacja.gdynia.pl
Publisher
\A Maritime University of Szczecin
QO“TS\T 4,04 ul. Waty Chrobrego1-2
s % % 70500 Seczecin
. A Web: www.am.szczecin.pl/en/
RN
ZE

Publishing Company

Volumina.pl Daniel Krzanowski
ul. Ks. Witolda 7-9,

71-063 Szczecin

Web: www.voluminamarket.pl

© Copyright Cover Photo: Kyla Graham

ISSN 1571-473-X

Research | Development | Evaluation

GPS Simulation - Testing
for Critical Navigation Applications 4

Tim Klimasewski

Research | Development | Evaluation

Towards the assessment of a critical
distance between two encountering
ships in open waters 7

Montewka Jakuba, Krata Przemystawb

Research | Development | Evaluation

Stereo Visual Odometry
for Indoor and Outdoor

15

Navigation Applications
Jan Ruppelt, Gert F. Trommer

24

Institutes Information

2014: le drone civil devient ... un drone. 24
ION-CH: new member profile — IEEE/AESS 25
Konferenzbericht: POSNAV 2014 26

International Symposium on Certification of GNSS Systems &
Services - CERGAL 2015 -

07 — 08 July 2015, Darmstadt, Germany 27

International Micro Air Vehicle Conference and Flight
Competition - IMAV 2015 -

Aachen, Germany 15 - 18 September 2015 28
DGON intern 29

Symposium ISIS 2014 — 04. und 05. September 2014,
Hamburg 30

Internationale Konferenz , Inertial Sensors and Systems” —
16. und 17. September 2014, Karlsruhe 31

Nowe obszary zawodowe w geodezji - offshore surveying
- Ill Forum na temat perspektyw rozwoju ksztatcenia
Geodetow i Kartograféw w Polsce 33

European Journal of Navigation




Subscription & Membership

The annual EJN subscription rate will be:

Europe All other

countries

Individuals € 45.00 € 60.00
Library € 60.00 € 70.00

If you become a member of one of the publish-
ing Navigation Institutes (DGON, ION-CH, NIN,
NNF, OVN, PIN, PNF) you will receive the EIN
as part of your membership.

Editorial Contributions

All material submitted to the publisher

and relating to EJN will be treated as
unconditinally assigned for publication under
copyright subject to the Editor's unrestricted
right to edit and offer editorial comments.
Maritime University of Szczecin assumes

no responsibility for unsolicited material or
for the accuracy of information thus received.
Maritime University of Szczecin assumes,

in addition, no obligation for return postage
of material if not explicitly requested.

Advertisements

Information about advertisement rates and
deadlines are available in the Media Planner.

For more information please contact:

Publisher
Maritime University of
o %, .
% Szczecin
< ]
= ‘% Z  ul.Waly Chrobrego 1-2
o V o 70-500 Szczecin

S
<eze® Web: www.am.szczecin.pl/en/

Publishing Company
Volumina.pl Daniel
Krzanowski
ul. Ks. Witolda 7-9,
71-063 Szczecin
Web: www.voluminamarket.pl

‘ New editor biography note

Editorial I
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in my case. Due to new professional opportunities, after two years of being
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would like to introduce the new editor of EJN Mr Pawel Zalewski, a professor
at the Maritime University of Szczecin, who takes over from 1st of February.

I would like to emphasise that those two years became an instructive lesson for
me. Thanks to that | got an opportunity to check out myself in a completely
new role and to begin the whole publishing process in Poland, under the
aegis of Polish Navigation Forum. The beginnings were difficult but since that
time, with small technical problems still occurring, we hope that publishing
is organized and structured in a good way and EJN itself goes into hands of
Mr. Zalewski strong and well-shaped. The last goal we managed to put into
practice is the EJN web page, which is to appear online in February.

Saying good bye | would like to thank you all for being with us, for coopera-
tion and understanding and wish you all great time with EJN in the uture. = ;
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ment in the Institute of Marine Traffic Engineering and later (since 2007)
manager and director of Centre of Marine Traffic Engineering comprising §
FMBS infrastructure. Marine navigator with many years of practical expe-
rience at different types of commercial vessels up to chief officer position.
In charge and executor of several infrastructural and scientific projects
which lead to construction of innovative navigation systems. Specialist
in Marine Traffic Engineering, ship simulation and navigation satellite
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Towards the assessment of a critical
distance between two encountering

ships in open waters

key words: collision criterion, near-collision, maritime
traffic safety, anti-collision

Abstract

In this paper, we introduce a framework evaluating
a critical distance between two encountering ships
being on collision courses, at which the collision can
be avoided by course alteration of give-way ship
alone. This distance is determined with the use of
a hydrodynamic model of ship motion, and series of
simulations conducted for several types of encounters
and predefined two types of ships, namely Ro-Ro and
bulk carrier. The framework delivers results in a form
of a deterministic critical envelope around a stand-on
ship, delineating the area required by the give-way
ship to perform collision evasive action.

The concept of MDTC contour is promising and could
lead to rising marine traffic safety level by increasing
the situational awareness among navigators. Once the
concept is fully developed it could be implemented
as a part of collision evasive solutions or a part of
e-navigation systems, informing the officers about the
critical distance and time to commence a successful last
chance maneuver.

Introduction

Safety of ship navigation in its widest meaning is a
complex issue covering numerous fields, however the
anti collision affairs are ranked very high on the impor-
tance scale. Therefore, various countermeasures exist
to support collision prevention, including training tools
(Chauvin, Clostermann, & Hoc, 2009), technology for

maritime surveillance (Bukhari, Tusseyeva, lee, & Kim,
2013) and for integrated navigation support services
(Hanninen et al., 2014).

From the operational viewpoint, the most widely used
collision avoidance system (CAS) is the Automatic Radar
Plotting Aid (ARPA). Also a number of CAS methods
have been proposed, in line with developments in
e-Navigation (Patraiko, Wake, & Weintrit, 2010).
Another solution is based on heuristic criteria categoriz-
ing collision risk for various encounters, see for example
(Hilgert & Baldauf, 1997). This solution is further refined
with fast time simulation techniques by (Schroder-
Hinrichs, Baldauf, & Ghirxi, 2011).

From the strategic view point, when the focus in on
evaluating the safety over certain sea areas, a concept
of ship domain is introduced as a criterion measur-
ing the safety o navigation, for the recent develop-
ments see for example (Kao, Lee, Chang, & Ko, 2007,
Pietrzykowski & Uriasz, 2009; Wang, 2010). Also fuzzy
systems are proposed, as postulated by (Bukhari et al.,
2013; Lee & Rhee, 2001; Ren, Mou, Yan, & Zhang, 2011).

However, most of these studies have failed to recognize
ship dynamics as a factor affecting the collision crite-
rion. Only a few studies take into account ship dynam-
ics, see for example (Colley, Curtis, & Stockel, 1983;
Curtis, 1986; Montewka, Goerlandt, & Kujala, 2012;
Zhang, Yan, Chen, Sang, & Zhang, 2012). The model
by (Colley et al., 1983) uses concept of maneuvering
time, domains and arenas to determine analytically the
safe distance for the last chance maneuver. However
ship dynamics is implicitly considered in very simplified
manner, by calculating the time required for evasive
action assuming a fixed rate of turn at a fixed rudder
angle of 20 degrees and reaction time of a helmsman.
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The model by (Curtis, 1986) considers ship dynamics in
order to determinates safe distance for overtaking for
one ship type, which is a very large crude carrier (VLCC).
The model proposed by (Zhang et al., 2012) estimates
minimum required distance for collision evasive action
evaluated for one scenario only adopting a simplified
model of ship dynamics. In our earlier work (Montewka
et al., 2012), we proposed a model that accounts for
several ship types and their dynamics as well as wide
number of encounter scenarios, however its scope is
different from the former models, since it estimates the
probability of collision between ships in the high seas.

Therefore there is a need to conduct studies evaluat-
ing the reliable and valid criteria for safe ship-ship
encounter that can be adopted in operational settings
in day-to-day sea navigation, (Goerlandt & Kujala, 2014;
Hilgert & Baldauf, 1997), based on the state-of-the art
methods and tools.

If the risk of collision exists an appropriate action needs
to be undertaken which is defined as course alteration,
speed alteration or both, (IMO, 2003). However it is not
clearly specified what the due time is. It is understand-
able, as this parameter depends on numerous factors,
both endogenous (e.g. ship characteristics, her maneu-
verability), and exogenous (e.g. type of encounter,
weather conditions).

Therefore in this paper authors introduce a framework
evaluating a minimum distance between two encoun-
tering ships, at which a give-way vessel is still able to
perform evasive action. This critical distance is deter-
mined with the use of a hydrodynamic model of ship
motion, and series of simulations where conducted for
various types of encountering ships under various con-
ditions. The framework delivers result in a form of an
envelope around a stand-on ship, which signifies mini-
mum distance at which a collision evasive action can
be still performed by a give-way vessel alone by course
alteration. Thus, the deterministic contour of a no-go
area surrounding the stand-on vessel was established.

Anti-collision application of deterministic
approach to MDTC concept

The concept of a minimum distance to collision MDTC
was introduced in our earlier works, (Montewka et
al., 2012; Montewka, Hinz, Kujala, & Matusiak, 2010)
a study leading towards a new definition of a ship\
u2013ship collision criterion, allowing further esti-
mation of the probability of maritime accidents is

conducted. The criterion is called the minimum dis-
tance to collision (MDTC. The idea was utilized with
regard to statistical data collected from AIS records
and it was used for typical ship types and typical
encounters characteristic for a specified sailing area.
Such solution could be fair applied for the marine traf-
fic engineering analysis aiming at local traffic system
assessment with regard to its safety.

In this paper we demonstrate the application of the
MDTC concept in the operational setting, aiming at
situational awareness increase by informing an offi-
cer of the watch of the critical distance between two
encountering ships at which a collision evasive action
can still be performed by one ship alone. In the pre-
sented study, we assume that a give-way ship is the
one, which performs the collision evasive action.

Safety of ship navigation is governed by numerous ele-
ments and a properly conducted evasive action in ship-
ship encounter exists among them. Such an action has
to be carried out on time and in line with the existing
rules and regulation, such as a convention on collision
regulations — COLREGS - issued by the International
Maritime Organization. The rules define a list of types of
relations between encountering ships and assign appro-
priate action to be taken in a given situation, which is
described in next section of the paper. Although, the
general scheme lies on recognizing a give-way vessel (in
case of head-on encounter both vessels shall give the
way) and monitoring the development of a encounter
to assess the effectiveness of a maneuver of this ship.
The give-way vessel shall in practice alter her course
while the stand-on vessel keeps her course and speed
and she shall undertake her own maneuver when it
would be clear that the only action of the give-way
vessel could not be sufficient. However, for head-on
encounters both ships shall alter their courses.

The moment of a decision when the development of
an encounter situation becomes dangerous seems to be
critical. The negligence related to this decision may lead
to close- quarters situation or a collision like for instance
in case of car carrier Baltic Ace colliding with the con-
tainer vessel Corvus J on 5-th of December 2012. The
former ship sunk and several crewmembers lost their
life. The give-way ship Corvus J did not fulfill her obliga-
tion towards the stand-on ship Baltic Ace as prescribed
by the Colregs and kept on her course, yet, m/s Baltic
Ace was too late with her action to avoid the collision,
(“Baltic Ace death toll - Maritime Bulletin,” 2012).

European Journal of Navigation




Analyzing the commentator’s phrase “Baltic Ace was
too late with her action” one suspect that the critical
distance for reaction in the given encounter was vio-
lated. Since, according to the definition of MDTC, the
last possible moment for the safe maneuver is just
before a give-way ship, which does not fulfill her duties,
enters a no-go area covered by the MDTC contour.

The use of the MDTC concept shall consist of calcula-
tion, graphic presentation and then direct application
of the MDTC as a no-go contour surrounding own ves-
sel, generally being the stand-on vessel. Is such a case
the officer of the watch could compare in real time the
present position of another vessel (give-way vessel) and
identify her distance to the MDTC border. Knowing that
the MDCT shows the closest approach of ships enabling
the so called last chance maneuver, the officer of the
watch would be able to undertake such a maneuver in
a time described by the rule 17 of Colreg.

In this paper, an exemplary contour of MDTC was
obtained, for selected encounters involving two ship
types (RoPax and bulk carrier). This demonstrates the
feasibility of the proposed concept as a tool for the
situational awareness increase for onboard use.

For this purpose, a set of simulation runs was carried
out with the use of a full mission bridge simulator
VS-300 at Gdynia Maritime Academy in Poland.

Colreg-based assumptions for collision
simulations

According to the rule 11 and subsequent section of the
Colreg there are defined three types of ships encoun-
ter applied for vessels in sight of one another (IMO,
2003). These are head-on situation, crossing and over-
taking. The sketches of these ship-ship relations are
presented in Fig. 1-3.

Every vessel, according to the rule 7, shall use all
available means appropriate to the prevailing circum-
stances and conditions to determine if risk of collision
exists. Since the collision potentials depends mainly
on the ship’s velocity vectors relation, the risk shall
be deemed to exist if the bearing of an approaching
vessel does not appreciably change and the distance
between two encountering ships gets shorter, (IMO,
2003). This statement is a starting point for every simu-
lation run conducted in the course of this research.
In all encounters, according to the rule 8, if there is
sufficient sea-room, alteration of course alone may

be the most effective action to avoid a close-quarters
situation, (IMO, 2003). Thus such kind of maneuver is
conducted in all simulations scenarios.

The action to be conducted by a vessel sailing in risk of
collision situation depends on the type of encounter and
ship’s mutual relation (like presented in Figures 1-3).
In case of head-on encounter governed by the rule 14
when two power-driven vessels are meeting on recipro-
cal or nearly reciprocal courses so as to involve risk of
collision each shall alter her course to starboard so that
each shall pass on the port side of the other, (IMO, 2003).

In crossing situation described in the rule 15 when two
power-driven vessels are crossing so as to involve risk
of collision, the vessel which has the other on her own
starboard side shall keep out of the way and shall, if
the circumstances of the case admit, avoid crossing
ahead of the other vessel. Moreover, the rule 17 states
that the stand-on vessel during first stage of encoun-
ter shall keep her course and speed, while according to
this rule the give-way vessel shall avoid crossing ahead
of the other vessel which is equal to the avoidance to
port turns, (IMO, 2003). Thus, the simulations scenarios
carried out throughout the presented research do not
comprise port turns of any give-way vessel.

According to the rule 13 a vessel shall be deemed to be
overtaking when coming up with another vessel from
a direction more than 22.5 degrees abaft her beam,
that is, in such a position with reference to the vessel
she is overtaking, that at night she would be able to
see only the stern light of that vessel but neither of
her sidelights. In such a situation any vessel overtak-
ing any other shall keep out of the way of the vessel
being overtake, (IMO, 2003). Although there is no
exact maneuver recommended the vessel should avoid
crossing ahead the overtaken vessel.

The scenarios assumed for the collisions simulations
should reflect the realistic ship-ship encounters at sea,
however one of the main purpose of the study is to
evaluate the possibility of estimation of the MDTC
envelope. To achieve this the additional assumption is
declared. In all considered cases, e.g. head-on, cross-
ing and overtaking the stand-on vessel keeps her
course and speed while give-way vessels undertakes
maneuver to determine the closest approach distance
allowing passing by both ships without collision, which
is exactly the considered MDTC. All performed near-
collision simulations runs aimed at appropriate adjust-
ing the time of maneuver start to achieve the critical
distance with regard to ships realistic dynamics.

Volume 12 | Number 3 | December 2014




El Gaucho

Containership APL C9 President Grant

%

\kumhmﬁp APL C9 President Grant

El Gaucho.

El Gaucho.

El Gaucho
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Containership APL € President Grant

0.31 nm
- El Gaucho

0.360m L Containership APL C9 President Grant

(%" Containership APL €3 President Grdint E1 Gaucho.

Fig. 2. Crossing type of ship-ship relation (vessels in sight of one another)

Simulations leading to the estimation of the
MDTC contour

Numerous simulations runs were carried out for a pre-
defined pair of ships, with the use of bridge simulator,
according to the initial assumptions described in previ-
ous section of the paper. They were performed for one
pair vessels, which particulars are presented in Table 1.
The turning circles of two analyzed ships are depicted
in Figures 4 and 5.

In the considered cases the stand-on vessel kept her
course and speed when proceeding northward and
the give-way vessel was maneuvering. First, the simula-
tions were conducted for m/s Norsun being a stand-on

Fig. 3. Overtaking
type of ship-ship
relation (vessels
}, Containership APL 9 President Grant in sight of one

another)

ship, and m/s El Gaucho a give-way vessel. Then, the
roles were changed, and another set of simulations
was carried out.

The simulations runs were carried out for a wide range
of ship relative bearings reflecting head-on encoun-
ter, crossing situation and overtaking. The illustrative
samples of simulation records are shown in Figures
6-8 for head-on, crossing and overtaking encounters
respectively.

The obtained values of MDTC were recorded and plot-
ted in polar coordinates fixed to the stand-on vessel.
Thus, a sort of no-go area surrounding the stand-on
vessel was created for each considered ship.

10
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Table 1. Particulars of ships utilized in the course of collision
simulations

Type Ro-Ro Ferry (Ro-Pax) Bulk Carrier
Name Norsun El Gaucho
Length 169,5 m 225,6 m
Beam 250m 322m
Draft 6,1 m 11,0 m
Displacement 19200 t 66186 t
Service speed 12,7 knt 16,0 knt
Number of propellers 2 1
Propeller type CRP FPP
Number of rudders 2 1

Rudder type spade horn
Maximum rudder 50 deg 35 deg

angle

The turning characteristics of both ships are presented
in fig. 4 and fig. 5.

Simulations results

The value of the MDTC obtained in every single case
was read from the simulator’s operator console and
recorded. The full set of such distances obtained for
all considered relative bearings between ships, enables
preparing a graph surrounding the stand-on ship. In
the first analyzed set of scenarios, the Ro-Ro vessel
Norsun was the stand-on ship, for which the MDTC
contour was plotted, as depicted in Figure 9.

In the second set of simulations, the bulk carrier El
Gaucho was the stand-on vessel while the Ro-Ro
Norsun was assigned as a give-way vessel. Since, the
Ro-Ro vessel is slower then encountered Bulk Carrier
El Gaucho, the shape of the MDTC contour differs for
the two analyzed simulation sets. For the set two, the
risk of collision does not exist between bulk carrier
and Ro-Ro ship, when the latter remains in the stern
sector of the former. Therefore, there is no MDTC
value in the stern sector of the stand-on ship in this
case. The resultant contour of the MDTC surrounding

32l.m e 32l.m
134 m 134 m

462. m

\

ﬁ

bulk carrier El Gaucho encountering Ro-Ro Norsun is
depicted in Figure 10.

The graphs shown in Figures 10 and 11 may interpreted
in close relation to the rule 17 b) governing the situa-
tion consisting in excessive approach of a give-way ves-
sel. The rule states that when the vessel required to
keep her course and speed finds herself so close that
collision cannot be avoided by the action of the give-
way vessel alone, she shall take such action as will best
aid to avoid collision, (IMO, 2003). The obtained MDTC
contour depicts the distance at which the maneuver of
the stand-on vessel shall be performed according to the
rule 17 b). Thanks to such a presentation of the critical
distance the officer of the watch is able unambiguously
find out the moment of change of his duties described
by the rule 17 b) of Colreg. Officer's consciousness
regarding this issue shall lead to better recognizing of
an encounter phase and moreover it may facilitate the
trial when ships anyway collide.

The quoted rule 17 applies to a crossing situation,
however the usefulness of the MDTC concept could be
extended to all kind of ships encounters in terms of
the assessment of a critical distance to undertake own
last chance maneuver. Such a maneuver is not only
acceptable in any sort of encounters but also required
by Colreg.

Summary and conclusions

The presented research is focused on the deterministic
approach to the MDTC concept. A vast number of sim-
ulations was carried out according to the definition of
MDTC adopted, and the set of admitted assumptions.
The authors revealed the feasibility of demarcation of
the MDTC contour and its practical presentation.

The analysis of the considered solution reveals some
crucial advantages and disadvantages of the proposed
concept. First of all the simplicity of the resultant graph
and its understanding for every navigator serving as
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462. m
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an officer onboard are key points to a potential future
implementation of the MDTC-based decision support
tools onboard ships.

However, the Colreg-based construction of the MDTC
contour is based on the rule 17 b) and takes into consid-
eration the maneuvering characteristics of the give way
vessels only. Although the geometric extend (in terms
of their length and breadth) of both ships are taken
into account and their velocity vectors as well, while the
dynamics of the stand-on vessel is omitted at all. This
leads to the potentially dangerous situation when the
stand-on vessel would wait with her maneuver until the

give way vessel comes quite close to the MDTC contour.
If the stand-on ship is much larger than the give way
one, the distance may be too close to successfully avoid
the collision by the sole maneuver of the stand-on ves-
sel. Thus, the modified concept of the MDTC taking into
account the dynamics of an own vessel (the stand-on
one) is the next planned stage of the research.

Once the concept is fully developed and the dynamics
of both encountering ships is accounted for, an officer
of the watch would be informed about the critical dis-
tance and time to commence a successful last chance
maneuver.
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Fig. 9. Graphic presentation of the MDTC as a no-go area
surrounding the Ro-Ro vessel Norsun countering the Bulk
Carrier El Gaucho which is the give-way vessel in considered
case (direction 0 at the graph reflects own ship’s bow)

The concept of MDTC contour is promising with such
an application and could lead to rising marine traffic
safety level by increasing the situational awareness
among navigators.
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