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FROM SHIP MANOEUVRABILITY, CONTROLLABILITY, CAPTAIN’S MODEL, TRAFFIC
MODEL TO ACCIDENT AND TSUNAMI ANALYSIS

Kazuhiko HASEGAWA (Osaka University, Osaka 565-0871, Japan)

Abstract: This is the recent review of author’s researches since last workshop held in Shanghai. The algorithm of auto-
matic collision avoidance system and other functions used in Marine Traffic Simulation System (MTSS) and Imazu problem
with sample simulation result using MTSS were introduced in the previous workshop. In this paper some results of
free-running experiment and detail behavior or the simulation result of the same Imazu problem treated in the previous paper
are introduced. Also as an application of MTSS, the marine traffic simulation of Singapore Straits are shown. Including
the applications applied for southward of Tokyo Bay and off Shanghai which was treated in the previous paper, an index to
assess the dangerous degree is explained. Further two new researches are introduced. One is the research related to ship
accidents. Normally probabilistic approach is common for this, but the new method mainly focuses on human behaviours.
The other is related to tsunami. Using AIS data, ships behaviours during the tsunamis at the East Japan Great Earthquake
were observed. As for ship manoeuvrability, low speed mathematical model is explained. It will be useful of course for
harbour manoeuvring, but also ship motion in current or tsunami can be treated using the model, too. Finally, some new
development of automatic berthing using artificial neural network is introduced which was dome more than 10 years before.
At that time, the most difficult problem is how to cope with wind disturbances and how to provide consistent teaching data.
In this paper, the methods to cope for them are briefly introduced. The paper list is a kind of appendix where detail descrip-
tion of each section is described.

Key words: ship manoeuvrability, ship controllability, ship safety, marine traffic model, captain’s model, bridge team simu-
lation, ship motion in tsunami

1. INTRODUCTION
2. SOLVING IMAZU PROBLEM BY MTSS
In the previous paper, the author has summarized his

25-year research activities [1] for the next generation 2.1 Maritime Traffic Simulation System (MTSS)

marine traffic. It has started from the history of

marine traffic simulation to the latest algorithm of In 2002, free-running experiments of automatic colli-

collision avoidance. He has also introduced some of sion avoidance using MTSS (version 2002) with mul-

his recent researches on estimating ship manoeuvring tiple target ships were first done in the world. Fig. 1

indices K and T from AIS data acquisition. is sample results for two-ship (a) and three-ship (b-d)
encountering.

His works are anyway for ship safety in his final goal
and in this meaning human recognition or bridge
team management play very important role. For this _ -

reason, he has also engaged in the development of - =~ -
several ship handling simulators and the intelligent .
ship handling simulator he has developed with the i\
collaboration with NMRI [2-6] is one of the most
unique and promising ship handling simulator in the
world. The software of marine traffic simulation - %
system (MTSS) [21-48], including ship dynamics ==
(K-T model), autopilot for course and track keeping,
collision risk recognition and avoidance manoeuvres,
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In this paper, he will continuously introduce his latest
researches from ship manoeuvrability to accident
analysis. (a) two-ship encounter (crossing)
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2.2 An Result of Sophisticated Situations
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In the previous paper, the author has introduced
Imazu Problem [11]. Fig. 2 is the Phase I of Imazu
Problem and the sampled animation of the result of
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case No. 13 by MTSS has showed. In the present
paper, the result for case No. 13 in Fig. 2 is shown in
_ Figs. 3-4.
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Fig. 1 Result of Free-running Experiments for Multi-
ple Ships (2002) [9, 33].
Fig. 3 Automatic Collision Avoidance Manoeuvres
for Case No. 13 in Imazu Problem (Phase I) [11]
done by MTSS (version 2013) [7-8, 21-48] where the




upper graph shows ship trajectories and the lower
graph shows time histories of heading angle, ship
speed and collision risk (CR) from the top respec-
tively. Give-way ship will take collision avoidance
manoeuvre, when if CR exceeds 0.7 and even
stand-on ship will take collision avoidance manoeu-
vre, when if CR exceeds 0.9 and the point it is called
“near-miss”. Fig. 4 shows the result of the same
case with Fig. 3, but drawn as relative (head-up) tra-
jectories for each ship respectively.

Relative Trajectory for ID10
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Fig. 4 Automatic Collision Avoidance Manoeuvres
for Case No. 13 in Imazu Problem (Phase I) [11]
done by MTSS (version 2013) [7-8, 21-48] where
relative (head-up) trajectories for each ship respec-
tively

3. QUALITATIVE AND QUANTITATIVE
EVALUATION OF CONGESTED
WATERWAYS [12]

MTSS can now reproduce a realistic marine traffic
flow regarding not only waypoint navigation but also
collision avoidance once OD (origin-destination)
table is given. OD table creation is a kind of statis-
tical data process and varies based on the area to be
simulated. Some statistic database of ports and wa-
terway observation (counting ships passing gate
lines) records etc. will be utilized, but now automatic
OD table creation and update system based continu-
ous AIS data collection or access to the archive will
be under developed.

However, even if the realistic marine traffic is repro-
duced, how should it be analysed and evaluated?
Normally relative evaluation such as comparing an
alternative plan with the original plan is done for a
given area. It is quite difficult to evaluate objec-
tively beyond the different areas.

Fig. 5 is a sample result of reproduced marine traffic
done by MTSS.
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Fig. 5 Maritime Traffic Simulation in Singapore
Strait (2008) [10].

After analysing such simulation results, we can eval-
uate the waterway by certain indices such as
near-miss, collision or any other one, if it is consid-
ered appropriate. Fig. 4 is an example using
near-miss and it is compared between southern area
approaching to Tokyo Bay, Singapore Strait and off
Shanghai. It is obvious the difference, but it is hard
to compare. Is Singapore Strait nearly 18 times
dangerous that Southward of Tokyo Bay and is off
Shanghai 7 times dangerous than Singapore Strait?
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Fig. 4 The number of near-misses by simulation [12]

To answer this question, Fig. 5 is made. It is evalu-
ated in logarithm scale against logarithm scale of
traffic density defined by number-of-ship per unit
area and unit time [12].
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Fig. 5 The traffic volume allowance degree [12]

4. ACCIDENT ANALYSIS
4.1 Bridge Resource Simulation System [18]

Bridge Resource Simulation System is newly devel-
oped tool to analyse accidents which have occurred
by some miss judgement of crew members [18].
The model is applied for the stranding of Costa Con-
cordia. Fig. 6 is the incident overview, and Table 1
is the scenario of the accident. A software is devel-
oped using Prolog to simulate the scenario automati-
cally following Table 1. It is still concept stage,
there is a possibility to use this kind of accident sim-
ulation system treating human conception or commu-
nication.
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Fig. 6 Timeline representation of the accident of Costa
Concordia [19]



Table. 1 Variable parameters of the Prolog code explaining the decisions, agreements and tasks of crew of the ship [19]
Work Place or

Orgamza’tlonal Deci- External Influ- Captain Decisions SOOW Decisions JOOW Decisions Helmsl'nan Deci-
sions o sions
ences/Decisions
Organizations have | The mentor of the | Captain may make the | SOOW thinks this is an | JOOW thinks this is | Not considered.
specific guidelines for | captain was in the | following decisions: informal voyage so he | also an informal
changing voyage plan and | Giglio Island. may decide the follow- | voyage so he may
requires prior approval. Also the hotel | CI. change in voyage | ing: decide the follow-
manager re- _plan ing:
OH—al- quested the cap- | C2.no_prior approval St—plan—en—small-—seale
low—change—in—veoy | tain to make a | C3. infor- —eharts - —
change in the mal_procedure S2. plan_on_large scale | J2. no_crew_challe
02. do_not_allow_chan voyage plan. C4. no_ins _charts nge
ge_in voyage plan C5. rudder_orders S3. use_ins J3. dan-
O3 —al- WI1. trib- C6. danger_observed S4. ins_alarm_furthest ger_observed
tow—witheunt—prier— ute_to_men | C7.no_danger point_from_echo J4. no_danger
tor S5—ins—alarm—10m—tine
O4. do_not_allow_witho | W2. change in_ S6. no_crew_challenge
ut prior_approval voy- S7. danger observed
age plan S8. no danger
Captain Agrees SOOW Agrees JOOW Agrees
CAl. Captain agrees SA1.SOOW agrees to JA1. JOOW Agrees
whatever SOOW whatever captain whatever the
decides regarding decides as it is an Cap-
voyage informal voyage. tain/SOOW
plan/charting orders him.
CAl =S1orS2
\ \ \ JOOW Task Helmsman Task
JT1. Help SOOW HT1.Execute
fixing ship po- whatever
sition on paper Cap-
chart. tain/SOOW
JT2. Assist helms- commands
man in trans- for navi-
lating the con- gating the
ning orders. ship

Table. 2 Errors Table (Errors are based on the study of reference [20]).

First Error Second Error Third Error Fourth Error Fifth Error Sixth Error
The captain | Limited time | The route monitoring on paper | Route  moni- | At the final stage of the | When the Captain
decides to | and informal | chart was done by JOOW. | toring on INS | approach the Captain | took over the control
change the | practice resulted | Firstly, she didn’t have “planned | had a funda- | took over command | from SOOW, valua-
original voyage | in  incomplete | larger charts” to fix ships posi- | mental flaw. | foom  SOOW. But | ble time was lost.
plan just few | route planning | tion and detect any danger. | Chart alarm | SOOW didn’t challenge. | Within that very short
5 hours before the | on  large-scale | Secondly, she left route moni- | was set to go | Captain’s intentions and | span of time the ship
& | voyage. This is | paper charts. toring and went to assist | on if the radar | expected outcomes were | crossed safety contour
‘g" because his Helmsman as there was lan- | distance is | not clear. Because of the | from 0.5 Nautical
2 mentor was in guage barrier. 2000m or less. | presence of guests and | mile to 0.28 nautical
Giglio  island The alarm was | hotel manager his role | mile. The captain was
and he was not set for | asateam leader was not | relying on eyesight
influenced by crossing 10m | fulfilled. Nobody thus | and until he sees the
the Hotel man- bathymetric challenged captain’s | first rock his rudder
ager. line. decision. order was very little.
— 2| Wi, W2)=CI | (Limited Time, When JT1 B
e C3, CAl) = 52 When JT2 $3 =57 0r58
80 & ! §2=J30rJ4 S4, JAI C7=C5
Sg| ©rorch $3,C4=C7
& | C2)=C3 CAI =81 or 82 J4.C3 =2 JA3, C3=J2

World Parameters

5. SHIP MOTION IN TSUNAMI [16]

v Marine traffic simulation system will be a key issue
uman Operator . . .

Interface (HOI) when we consider next generation marine traffic model.
It will be a powerful tool to plan and evaluate the system.

Time Domain Pack of Accident
Simulator (TDS) Modules (PAM)

Fig. 7 Basic composition of the model [19]
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Fig. 10 Ship Positions and Trajectories After 30 min. of Tsu-
nami Warning Measured by AIS [19]

Fig. 11 Three Ships’ Trajectories with Different Evacuated
Time After The Tsunami Warning [19]



6. LOW SPEED MANOEUVRABILITY AND ITS
MATHEMATICAL MODELS [13-15]
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Fig. 12 Ship Manoeuvring Hydodynamic Forces and Mo-
ment with Wide Range of Drift Anglue (0 -> +/-180°) and
Yaw Range [13].

7. AUTOMATIC BERTHING USING
ARTIFICIAL NEURAL NETWORK
(VERSION 2013) [17]

blue= ANN-PD controller in wind, red= Optimal steering without PD in wind
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blue= ANN-PD controller in wind, red= Optimal steering without PD in wind
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Fig. 13 Simulation Results of Automatic Berthing
Using Artificial Neural Network Combined with
Nonlinear Programing to Create Consistent Teaching
Data Set (Version 2013) with Various Wind Condi-
tions [17]

8. CONCLUSION

Some recent works done after the last workshop in
Shanghai is introduced. Ship manoeuvrability and
controllability is quite important in various situations.
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Development of CFD will give very important insight
for various situations, but still many experimental
works should be done to understand the phenomena.

Mathematical model for low speed manoeuvring is
still minor subject in ship manoeuvrability, but many
things are not yet revealed.

AIS is the very useful tool for various problems and
there are many challenging topics related.
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