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JAVA-BASED SiMULATION TOGL
FOR SHIP MANCEUVRING
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Abstract: A new simulation programme for the assesswent of the IMO Manoeuvrability Stan-
dards, and for any arbitrary manoeuvre is presented. The programme itself is based on the well-
known MMG model, but is written by Java. One of the merits of the method is to be accessi-
ble by anybody, who can access to the Intemnet with Java-aware browser. Therefore user inter-
face1s provided as easy as pessible. Some HTML (HyperText Marlkup Language) links also
help users to know the prediction formulae, charts or even references quoted. The procedure i¢

shown through the demo sample.
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1. INTRODUCTION

Manoeuvrability Standards employed by IMO are
requesting cvery shipyard to predict raanoeuvrability
performance of cach ship in her iutial design stage.
However the Standard doesn't wmention about the
method, and unfortunately there 1s no certified stan-
dard method for this. Secondary, even if an appropri-
ate mathematcal model s chosen, 1t 1s hard for each
shipyard to establish cither of theoretical, empircal
or database-based method to rune numerous coefti-
cients for that and then to make their own simulaton
prograpume codes.

The authors are proposing a method for this purpose.
The simulation programme 1s developed using
Java™, so that anyonc can access it anywhere 1a the
world through Internet.  Not like other conventicnal
programming languages such as FORTRAN or C, 1t
will run on any platform of computers. as far as they
are connected to Internet and have Java-aware browser.
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Besides not like CGI (Common Gateway Interface)
supported by HTML (HyperText Markup Lan-
guage), the programme codes will be downloaded and
computation will be done on each clicnt computer.

[n this paper, the method and the interface are dis-
cussed and a sample result 15 shown.

2.SIMULATION PROGRAMME AVAIL-
BALE ININTERNET

The purpose of the project 1s to provide a programme
which can be used by anybody to predict the mapoeu-
vrability performance of his/her interesting ship(s).
IMO Manoeuvrability Standard is the good motiva-
ton for this. The authors are considering the follow-
ing capabilities.

Modularity
- User capability of choice
- Data-driven computation

Every ttem listed above will fit the way of Object-
ortented Programming (OOP).  Modulanty of pro-
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gramming makes it easy to plug in and out modules
both from programmer's side and users' side. User
can choose his/her preference of mathematical model,
coefficients and tests to be executed. Besides, the
autuors are trying to develop such a programme
available as Internet resource. Java™ meets both
features, so is selected as the system language.

For those who cannot provide their own coefficients,
easy-to-use way is provided, where almost every coef-
ficient will be automatically estimated from an ap-
propriate method each. User can change any data any
time, and computation will synchronise.

3.MATHEMATICAL MODEL AND HY-
DRODYNAMIC COEFFICIENTS

In the evaluation version, the authors provide so-
called MMG model. Other models may be plug-in-ed
or even provided from the user's side, although it is
not in the evaluation version, but available in the
feature version.

MMG model is so popular in Japan, but there exist
various implementations. MMG model is a global
notation of the way of expressing hydrodynamic
forces acting on a manoeuvring ship. In the evalua-
tion version, one of the well-defined 1mplementations
defined by Yoshimura (Yoshimura ef al., 1995; Ko-
bayashi et al., 1995) was only prepared, but some
others may be added later. Fig. 1 shows the menu
page of the current version. [n the menu, the user
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Fig. 1. Menu of the simulation.
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can select items to be executed and the model (if
availabe).

There are still many discussions how to determine
hydrodynamic coefficients. MMG model defines its
structure, but not on each notation of coefficients.
Some persons introduce second order non-linear hy-
drodynamic forces/moment, but the others do third
order. Coefficients of interaction forces between hull,
propeller and rudder govern the motion significantly,
but 1t is very hard to predict theoretically. Some
empirical formulae or diagrams are useful, but nor-
mally established only by accumulating expenimental
data.

The authors are carefully selected the well-defined
implementations, so that everybody can follow the
method from the published literature. It 1s not the
authors’ intention to introduce these implementa-
tions, and they will be well defined in the hyperlinked
documentations including references and {igures.

4 ASAMPLE RESULT

The user interface 1s especially important for thus
kind of public domain programme. The programme
will ask the user to provide all physical and hydrody-
namic data of the ship to be predicted. Some users
have their own well-confirmed method to estimate
certain coefficients, but some don't. The programme
will fit both. In the pre-evaluation version, all coefl-
ficients were tabulated with tts vanable-like name and
a user should fill out the column of value. It was
nice interface, but the user should be aware of its
original name (mostly subscnipted by Greek letters)
and position in the equation. [n the evaluation ver-
ston 3, it1s improved as shown later.

Before going to there, let us show the next page,
when the user clicks "input your Ship Data” in Fig.
1. It 1s shown in Fig. 2. First, all columns are
blank, so that the user can input appropriate value.
The figure shows the data of “Esso Osaka” after click-
ing "DEMO" button. There are many publicatons on
this ship. After the user fill out all columns either
way of trying DEMO values, alternating certain val-
ues from DEMO or filling his’her own ship data,
click "Next >>" button. ("Cancel" terminates the
programme.)

Fig. 3 is the next page. The user can see the MMG
model as it 15, except one put

window beneath the coeffictent x;'. This is the stvie
of inputting data. User can easily find the coefficient
whatit1s. Eachdatais already illed out, if appropri-
ate method is available. Ta case of Yoshimura's im-
plementation, all data are esumated. If the user has
any data, he/she may replace them. From now on,
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Fig. 3. Equations of motion 1o sub-menu.
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| << Baek i Clear Next »>
there are "<< Back" and "Next >>" buttons, so the
user can go forward or backward, as he ‘she hkes.
From Figs. 4 - 7, defiuuons of hydrodynamic forces P2 Urqued-Java Agplet womdowr~ -~ . . =
are shown and the user 1s requested to {1l out therr
coefficients, or to rely on the programme's estimate. Fig. 6. Expression of rudder forces/moment (Part 1)
Thus 15 the good fealure of data-driven programine. In in sub-menu
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computer. [t really depends on the power of the cli-
ent computer, but will finish within a few minutes
by pentium machines to get the result as shown in
Fig. 10. In the figure, the IMO-standards are shown,
so the user can easily figure out tus/her ship meets
the standards or not. From the second tnal, including
changing the test ship completely, or just modifying
any of principle dimensions or some hydrodynamic
coefficicnts, the calculation time 1mproves drast-
cally. It is easy to compare their tnals to {ind the
altered effect. Although “Print” button 1s prepared, it
won't work, because the current version of Java™
doesn’t support 1t. The user should make the hard-
copy. The “Close” button will close this window to
go back Fig. 1.

IR Nt Resuits of 3Nl Laats
Results of Tests
Ship Name : Esso Osaka

Model | Yosnumura's Implemenmuoa
p!
|

Imgal Turnmg Text
Trcx Reaca = 182143 L
(@0 :<2.5L)

Advence = 3.35782L
MO <45Ly ‘u.

Twtcd = 1YWL !

(40: ¢S ALY
L1l os

E
‘°I MO sandarn i 10dsg Zsgamg Toat
B

(5] 240 rendut |
'u_%”w Tatog Test
k2

L

(L2 JL aL I

|
/2 TSI TR g~ Th L T e, T _ P . 00 7 %00 1
/] UnsignediiivaiappletWindo’ Z2E] 1 4& 100 2000013 709300 a0 2t v St A
-XJI ot Gy | - 6.26021 deg
. ) 0 - ° s | MO <38 deq)
Fig. 7. Expression of rudder forces/moment (Part 2) el ! ‘
in sub-menu. o7 MO rwars 1 OverShomasn | 2hdes Zigmag Tem
E: 132 O SBOG Anghe

G AR RIS (D! ta) Valua

i1l Value of Shp

inttial Spasd (m/s)

396
i1l Propelter (requency af revokiwndrpa) 0467
04

Full Aflern Urosr propelier frequency of revalition . sstalrpe)

|
|77 [Ty 170

Fig. 8. Initial condition sub-menu.

Fig. 9. Waiting window.

initial data will be accepted {rom the user. Clicking
"OK", the programme will go back to Fig. 1. Aflter
ticking “Test for IMO Standards™ with appropnate
test boxes (normally all of them), click “Simulate”
button. Then waiung window shown in Fig. 9 will
appear, blinking. Please remember. every calculation
up to now and onward is carried out 1o the user's
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Fig. 10. Result window.

5. HYPERLINKED HELP WINDOWS

There are many buttons such as “?’ in previous win-
dows. They are linked with vanous help windows.
Let us show some exaraples. If the user click “non-
dimension” button in F1g. 3, there appears the defint-
tion of non-dimensionalization. If the user click the
first “?’in Fig. 4, Fig. 11 appears. In the window,
there 1s a button “Reference” and it is linked with the
reference window shown in Fig. 12. Further links are
set in the window and some are linked with even to
the onginal chart in the reference quoted such as
shown in Fig. 13.
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These are nice features of HIML (hypertext markup
language), and has good relationsaip with Java™

programme.
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Fig 2. keference window.

5 ARBITRARY MANCEUYRE MODE

This nrogramume i35 also capable for sitwelaung arbi-
trarv panceuvres.  After condimuug sandard per-
formance of the tested ship s manceuvrabiiiy. for
:Xamiple, the ser can go rack te Tig U again in
this sitmation, he programume st hods all rhe fatz

cf the eced shue, zo the user can conlnue -3 Gk

1
“Arbiimacy Manceuvee T oand click CSimudase”. Then
arbilray mapceuvre qiode stargts.

Fig. t41s the first window in this mode. From the
menn bar, drag “Stup” and select “wdd Shup” (Tlg.
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Fig. 13. A chart window.

15). Then the imtial condition window appear, and
the user can set the tested soip at any point with any
combinauon of propeller revolution and rudder angle.

Clicking *Start” button in Fig. 14, a solid-box repre-
senting the ‘ship’ appears at the point given by the
user (F1g. 16) and 1t will move accerding to the given
propeller revolution and rudder angle. If the user
wants to change cither of them, click the ‘ship’ box
10 the chart (Fig. 17), then command window (Fig.
1¥) appears. The user can either drag the slide bar or
directly input the value to be changed in the window.

The user can add/clear arbitray shaped lands by select-
ing “add/clear Land” sub-menu from “Land” in the
menu bar (Fig. 19). The user can add as many as
he/she wants. This 1s the ment of OOP. Besides,
the user can add/remove also arbitray number of ships

cFepeSimutatian:

file Sho Time
=
o

N
D N
K\\“lm”?‘f a0, I ot e e

f1g 14 Imtual window for arbitrary manocuvre

Llode,
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Fig. 15. Pull down menu “add Ship”.
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Fig. 16. Start of arbitrary manoeuvre.

Fle Ship Time Land

Fig. 17. Change command by clicking the ship.
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Shp Name : £330 Osaka

Looation ;  (BQ¥ 272, 300)

Heading Angle(deg) : O

S R O3
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Rudder Angle(deq) :

7] Unsigned Java Applet Windaw

Fig. 18. Command window.
with different coefficients.

From the ‘Time’ menu, the user can change the time
interval and total simulate time.

Although the speed and of Java™ and the network is
oot sufficient and this is just on an expenmental
stage, 1t will be an important direction {or the futare
way of stmulation.
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Fig. 19. Two ships added with two [ands.

7. CONCLUSIONS

The evaluation version of "Java-based Ship Manoeu-
vrability Simulation Programme for Assessment of
IMO Manoeuvrability Standard" was introduced as an
example of network simulation tool for ship ma-
noeuvrability. The authors will summarise the con-
clusions as follows.

(1) Ship manoeuvring simulation programme was
developed using Java™.  The current version is
available in Internet at
URL http:/'www pace.eng.osaka-u.ac.jp/

hase/ShapSim html

(2) A sample user interface suitable for Internet user
1s developed. Any user without programming ex-
perience can 'run’ the programme with his/ber co-
efficients.

(3) Importance and future trend for Java-based scien-
tific calculation ts shown.
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