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Study on System Configuration of Ship-handling Simulator

with Consideration of Twin-propeller and Twin-rudder Ship
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Abstract

Ship-handling simulator has been widely utilized for various purposes such as
training mariners, safety assessment, waterway design, manoeuvrability analysis of
new ship at her planning stage and so on. According to the recent diversification
of ship and the rapid growth of her size, a database which can cover various
ships is requested for manoeuvring simulation with ship—handling simulator.

This paper purposes to configurate ship—handling simulator with a database
system on various ships.

As a kind of ship to be applied, twin-screw and twin-rudder ship which has
been build recently for the reason of high propulsion efficiency was adapted.
Mathematical model of manoeuvring motions for twin-screw and twin-rudder ship
was discussed from the viewpoint of hull damping forces at low advanced speed
and interaction between hull, propeller and rudder. Using this model, manoeuvring
motion of twin-screw and twin—propeller ship was simulated numerically and her
principal manoeuvrability was examined. Creating and adding classes related with
this model made it possible to configurate of ship—handling simulator considered
twin-screw and twin-rudder ship. Also several applications on twin-screw and
twin—propeller ship were programmed by C++ Ilanguage. Finally, a real time
simulation of berthing manoeuvre with twin-screw and twin-rudder ship in Pusan
Harbor was accomplished by the present simulator.

Through the above study, ship—handling simulator considered many Kkinds of
ship as well as twin-screw and twin—propeller ship could be configurated, and

simulator techniques for developing full mission simulator were accumulated.



Nomenclature

Coefficients given by Isherwood

Lateral projected area above water plane of a ship
Submerged area of rudder

Transverse projected area above water plane of a ship
Lateral projected area of superstructure

Fourier coefficients
Ratio of lateral force acting on a hull by rudder to rudder normal force

Coefficients given by Isherwood

Fourier coefficients
Distance between two propellers

Distance between two rudders

Distance from bow of centroid of lateral projected area
Coefficients given by Isherwood

Coefficient of wind-induced yaw moment about the midship
Thrust coefficient on four quadrants

Coefficient of longitudinal component of wind-induced force
Coefficient of lateral component of wind-induced force

Propeller diameter
Mean draft
Rudder normal force

Gradient of rudder normal force against attack angle in open water
Rudder height

Moment of inertia about the z axis

Advance ratio

Added moment of inertia about the z axis

Length between perpendiculars of ship

Length overall

Thrust coefficient on the only first quadrant

Distance from midship to applied position of stern tug force

Distance from midship to applied position of bow tug force
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Distance from the center of gravity to rudder
Number of distinct groups of master or kingposts seen

in lateral projection
Mass of ship

Added mass in the yx direction
Added mass in the y direction
Yaw moment

Yaw moment acting on a hull

Yaw moment induced by propellers

Yaw moment induced by rudders

Yaw moment induced by tug

Yaw moment induced by wind
Asymmetrical yaw moment acting on a hull

by reversing rotation of propellers
Number of propeller revolution per second

Number of propeller revolution per second in propeller idling
Ordered 4 through the main engine telegraph

Propeller pitch

Port side

Angular velocity

Length of perimeter of lateral projection of vessel

excluding waterline and slender bodies such as masts and ventilaters
Slip ratio of propeller

Starboard side

Propeller thrust

The time constant of the steering gear

The time constant of main engine

Thrust deduction factor

Ratio of lateral force acting on a hull by rudder to rudder normal force
Longitudinal component of ship velocity

Longitudinal component of relative wind velocity

Longitudinal component of inflow velocity to propeller

Longitudinal component of effective inflow velocity to rudder

Longitudinal component of absolute ship velocity



v Resultant ship speed

V4 Relative wind velocity

Ve Current velocity

Ve Effective inflow velocity to rudder

Vi Wind velocity

v Lateral component of ship velocity

VA Lateral component of relative wind velocity

vp Lateral velocity of ship at propeller position

Vp Lateral component of effective inflow velocity to rudder

~ Lateral component of absolute ship velocity

v Value of p, at minimum of (1 — wp)

wp Wake fraction at propeller position

w po Wake fraction at propeller position in straight forward running
wp Wake fraction at rudder position

W Ro Wake fraction at rudder position in straight forward running
X Surge force

Xy Surge force acting on a hull

Xp Surge force induced by propellers
Xp Surge force induced by rudders
X, Surge force induced by tug

Xw Surge force induced by wind

xXe x coordinate of center of gravity

Xy x coordinate of center of lateral force induced on hull
by rudder interaction

Xp x coordinate of propeller position

Xp x coordinate of rudder position

Yy Sway force

Yy Sway force acting on a hull

Y Sway force induced by propellers

Ve Sway force induced by rudders

Y, Sway force induced by tug

Y Sway force induced by wind

AY, Asymmetrical sway force acting on a hull

by reversing rotation of propellers
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Vp y coordinate of propeller position

Ve y coordinate of rudder position
Greeks

a x coordinate of center of m,

@ Effective inflow angle to rudder

Jei Drift angle

Br Geometric drift angle at rudder position
S Rudder angle

op Rudder angle at rudder normal force zero
S Maximum rudder angle speed

max

S Ordered rudder angle through steering wheel
€ (1 —wg)/ (1 — wp)

7 D/H R

0 Hydrodynamic pitch angle of propeller

x 0.6/¢

0 Density of water

04 Density of air

¢ Heading angle

da Relative wind angle

de Current angle

dw Wind angle
) Time derivative

Non-dimensional sign
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Fig. 1 Coordinate system for ship manoeuvring motion
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A7 Fye BEAEY, r, e BRAYY AU c AL, 1, g5 DA S
==
ha

R
2 el A%, g, AA6) AEsE el ddHe A8 9

AN Ape Bl WA,y Bl #lshs 5E
e BEe §EYT, £, B

[12]& o] &)
il z | FAFLS 216), 17)E o]&3te =¥
H=0] ElAHL zhzt AAste] Fabw "ok AA7) A Bl &
A&y z2de] 3d W] wet 747 o

1) u=>0, n) 0 2 s=>0¢ 4%

ap — 6_813 (]?—ra |CYR|£350)
Ve = Vb + v%

Up = 6nP\/1 —2(1 — gx)s+ {1 — 9x(2 — x)}s°

UVp — MRtan 6R
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e = (1 —wp)/ (1 — wp) x = 0.6/¢ (18)

Wr = wRo’wP/wPo

= D/HR

s=1—up/ (nP)
i) >0, n=>0 %2 s <0 % up< Tt 2ol wpdd

up = u(l — wp) (19)
i) >0 % 5 <0 EF

Ve=0 (20)
V) w0 R ou> 0% BY wpe thed 2ol et

Up = u+0.6‘/7nP (S wup>0) (21)
V) <0 B <0 BT

= Vil + (v + l7r)?
-1 v+ ZRV ot

adp — _3+ tan ( IMI ) ( T, |aR|£350) (22)
AZNM wep= B AANAM Y FEREFAT, e B A wp kol s
Zzzdd S, g2 B Eo], pe ZEA JXE UEin

AA8)NA 5,2 £FwET BT ol dlzero)o] ¥= BHZFS®A, Lee= CMT

ARANE BEOE 2528 Ao didl] thed 22 RIS AFStA o111,
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i) Bp=>0¢% 8%

50 = 0.48,+ tan 1|2F
R
(23)
8% = 0.68x— tan '8
XR
i) Bp <0 A5
8% = 0.68p+ tan |2
) (24)
8¢ = 0.48;— tan '[2E
R

Il
=
|
~
m\
N

Br

A7 ge B Al Astetd Rz, gy = AAe] FAFHORRE €
FAA ] FAQSE FEANE GEdth 22n 423), Q0 Fig. 59 ek
9.

0.20 —

T I |
0.20 0.40

pr(rad.)

-0.40 —

Fig. 5 §, for port and starboard rudder
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25 THHY 4FH

Hpgtel o3k 3} RAlEs= Isherwood®] 2lF1EAel 93 FHA[14]= ©] &35}
T3tk Isherwood FA A olA oA = AFE Cy, Cy, Cy °lEF 3H9H mpghd]
o3 33 RHEE e 2

s

Xy = CX(¢’A)% A VIZ‘lAT
_ 1 2
Yw= Cy(¢a) 9 P4 VaiAL (25)

Ny = CN(‘;bA)Ji oA V,%xALLOA

CX A]' Aﬁ ° M
5

Cy = Zb Bf : [/' + | Bg* Ass/ Ap (26)
f=

Cy C; 0

S I, =10, 1, = 2A, /Ly, I, = 2A,/ B*
Iy = Loa/ B, Iy = S/ Loa, I; = C/Loa
L, : Length overall
A; : Lateral projected area
A : Transverse projected area
Ags : Lateral projected area of superstructure

S - Length of perimeter of lateral projection of vessel

excluding waterline and slender bodies such as masts and ventilaters

C . Distance from bow of centroid of lateral projected area
M : Number of distinct groups of masts or kingposts seen in lateral
projection

471X A;, B;, C;¥ Isherwoodel 9&iA FojA= #Agelch.
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G2t g, = e 2ol AatE

oz
f
ofd
1
N
b
=
k3
ofd
O;
i

Vi=Vui+vi , ¢4 = tan "(va/un)

¢) (27)

Uy = Vycos ¢4 = u'+ Vycos(¢y—

va = Vysingy = 0"+ Vysin(gy— ¢)

ANA Vi dpe ARESI AYFFZS epic,
ooz odd e oFes mulEr oSy go] Awch oHel W s
Fig. 63} 2ol 4Aan nAHNAN dgeo] d4d Ponyt 48as Ao 7}

4 W, X, Yy Npo v 20

TUGd —

- §E EE E6] , = fEEE EE R B .
TUGE - G EEEA(NNER S5 n £ o ooes os emsm b b Eb - TUGS
i SSSiEE RS EEEREEEE EE EEfiRa == '

TUG1 —

Fig. 6 Towing arrangements

Xr = Fus— Fue
Y= —Fy—Fp+t Fgs+Fy (28)
Ny = (Ftl_Ft4)la+(Ft3_Ft2)lf

AN F ., Fp 8 dde) 2de geiz, g0 5 A5 v 949

el dATIemFH AdE Yt 424 4L = AT
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B o=TollA Ak Fetndls MutxFAlEdclEd A &8t UM 2TEE
FAAEH IS FAste] 2528 V2 HR] =¥ e Fdstaa vk o
4 AELE 719 SR-108 HH Y& 2528t o7 e dutow A, 712
A2 Table. 13 2ty FAA oA Fdste] A2 25289 e 2585 +

Table. 1 Principal dimensions of Twin-propeller Twin-rudder ship

Hull
Length over all Loa (m) 188.0
Length bet. per. Lo (m) 175.0
Breadth B (m) 25.4
Depth D (m) 154
Draft d (m) 85
Trim T (m) 1.0
Block coef. Cs 0.559
Prismatic coef. Cp 0.58
Distance between 2 propellers 0.3B
Angle of bossing to horizontal (deg) 90
Radius of gyration about z-—axis

0.24
Longltuqma'l center of gravity 0018
from midship
Rudder
Area Ar (m*) 13.345x2
Height H (m) 5.44
Aspect ratio 1.833
Area ratio Ar/Ld 1/55.73
Propeller
Diameter D (m) 4.6
Pitch Ratio P/D 1.055
Expanded area ratio 0.73
Number of Blades 5
Turning direction (looking from stern) outboard
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Fig. 72 449 A3 A& (conventinal turning test) 224 Z%7] A% 13.6 kuots (half
ahead)®] ZElolA B2 35" % WHEAS Wl 25289 94 3] &5 (starboard
truning motion)S Al EHO|ES Holy. Figs. 8, 9+ 10°/10° AIZAIZZFTAE
(zigzag maneuvering test)™ A& ZFA] 8 (spiral maneuvering test)= YWERWH L QL
o1 Figs. 10, 118 7} 3] A & (accelerating turning test)# 7+ 3] A] & (coasting
turning test)= HFIL vk ZFEAIAIA S AAFH A e Aol 13.6 kuots ©
Aol sdete =24y 3| daeet B2 3579 WHES sl Uiy FaEdo,
HEAS A AL 136 knots © AHF0E AN EES oFal e Adutel zz2de2 3
A G(zero)d B2t 3579 HHEES A W F3HA Figs. 12, 13& 25284
vkl A A]E(stopping motion)S A EHCIEI Aoz Z+Zh A X A (stopping
distance)¢t A *] A 7F(stopping time)S& YWEFH I T “half ahead” ¢
AR LA EFS st J= Ao “half astern” o 3l
= Atk Figs. 14, 165 oo &3 Auko
7] A4 1.0 knots © GEI A At dulo] X8t
I AATGE TR & IFEEs 44 el
s
4

g
Ase AgzFARdIH B8 A WY, AW, A - oA A
%

i

O

7)
A&
Z29y 34

= AEdelE 7
A
[e]
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6 —
5 —
| V, =13.6 knot
4 —
3 —
2 —
1 —
0 TN T T T T \
0 1 3 5 6
Y/L
Fig. 7 Conventional turn
Heading &
Rudder Angle (deg)
20 —
V, =13.6 knot
10 — (
0 ‘ ‘ ‘ | Time (sec)
00 40! 600 800 1000
-10 —|
20 —

Fig. 8 10°/ 10°Zigzag maneuver

_20_



06 — Vo =13.6 knot

0.4 —

Rudder Angle (deg)

-0.4 —

-0.6 —

Fig. 9 Turning characteristics

X/L

-3

4

Fig. 10 Accelerating turn

_21_



V, =13.6 knot

Fig. 11 Coasting turn

5.00 —
V, =13.6 knot

X/L -

4.00 —

3.00 —

2.00 —

1.00 —

0.00

-1.00 0.00
Y/L

Fig. 12 Stopping distance
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16 —

14 —
V (KTS)
12 V, =13.6 knot

10 —

0 \ \ \ \ \ |
0 1 2 3 4 5 6
Time (min)

Fig. 13 Stopping time

X/L

V. =1.0 knot
Time interval = 60 sec

g \ \
g 2 Y/L

q -

Fig. 14 Simulation on turning operation

by both bow and stern tugs
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V, =1.0 knot
Time interval = 60 sec -

Y/L

Fig. 15 Simulation on lateral shifting operation

by both bow and stern tugs
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2%2EHANY 2F2F FORAS AEdte] AuzEAEUH AU )
A FEsinh B AnzEAEdelte sy TAY FHLEEY JE - dTe

Fig. 16S ® MulzEA

SR dolEl7h AdT e Bde BETholol 1Yo noF T
Sk, Aol ol o %

=

ZE} & (steering wheel), 9l Z& 9 18] 3 (engine telegraph),

H Zt7tel WE dlo]HE o]&ste] Aure 2FEES A
al il

Oﬂﬁ(tug)ol AoAE JH 4 = AL S Lo =
AbstAl Eok AL A3t 2309, 33k S Foke] Adure] AeS ATt
i ARAA Bolsw 7 el g R Eo] Aol A (gage)ol FEAEH. A ol
HuEe olgetel W Ul AUe EEa BTk B e z7e @l
S EE - ol Aol AAe AgT FE Ak

External Disturbance

Input
e 9

1 * |
u Steering Wheel | 3
i
i Ship
Operator Engine Telegraph : o ( Hull + Propeller
i i + Rudder )
' i : i
H : : i i Xt, Y1, N
| i i i Tug Controller : LT 7
H H \ i !
o b ;
oo e ot e o -
H i 1 ! ! XY
P Fommmeeeee- 1 3D Bridge View Monitors “l 1.9
i i i i
: : i i
1 i i i
H ! ; ) ) . XYW
: ettt i*-- 2D Bird’s Eye View Monitor N :
i i i
1 | i
H | i
! i Navigational Indicators - 5, 0,1,V
bomrmmm e =1 (Compass, Rudder angle, t —
| RPM, Turnrate, Velocity) !
| !

Output

Fig. 16 Schematic diagram for realization of ship—handling simulator
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AutzFA B2 ol H = Fig. 173 #Zo] &5 A4 (Ship Dynamics Calculation),
&5 (Operation Panels), &34 5 =25 (Navigational Indicators), 3xFA] Al A
(3D Bridge View), 2239 x=7%(2D Bird's Eye View), Instructor’'s Console®] 6
242 FHo gt} 3FPAAMA T = 3] PC(Personal Computer)9} X 2|
B (projector)7F #i A H o glow v x| Qo= 24z PC7F gk A w1 ¥ o] 5 8
o] PCE AlEdelE7F 45 3

- org 2
oZ:—{Eirl-E

N

( Projection system )

3D Bridge View

Navigational 2D Bird’s
Indicators (PC)| |Eye View (PC)

4

Ship Dynamics

Calculation (PC)
+ Instructor
£ »| Console (PC)
Operation 4—,

Panel (PC)

.h_

Fig. 17 System composition of present ship—handling simulator

-

Fig. 17¢] Yebd A} o] & AutxFA S olHoA = 2 4845319 Ho]
B A$S 9ste] B WEYA w2 (distributed data processing network
technique)S A ATH15]. &4 dHoly HAES 8] 24 FH8L2E59 7|5
g8 g AZAAE 119 TCP(Transmlssmn Control Protocol) "2 2}
UDP(User Datagram Protocol) W2 & o= & o] &3t TCP W23 UDP %
212 TP(Internet Protocol)E 7|¥Fo & 34 3§71 (Packet) A o0& HolEHE &3}
A H=d, TCP W4 AgAe] BAE= FUEF doly dF Mul=E 3}‘11 O]—‘E

_|2i
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Adst7] 98] vlolel o] F5al &Rl HAE AXITHI6L. UDP W22 AlgAdo] Ba
A a vAAAX A do]y 1 (Datagram) W% FX2E kA3 9lermz TCP W
ARt= dgolg Ado] waEtiy 3 2= 9ui16]. wakA uAA e TCP w23 w
2 dele AFel UDP 4A& of® FAas Aelel HgA7=ths Jlo

Elo] 74 oA Fastth £ A

AADEE A3 doly AF= -

7] w2of w= ol AES A Ast= UDP WS Aelste] 27 SEA AR o
dakgich. aela yuA AL aERMe] A

Aol B 2757 o] TCP A<
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42 FHLEE 7]

T4 98

a%u
U
[e]

+ Instructor’s ConsoleZ-E AoJF &A(own-ship)3} 27

21 o] (Object oriented programming language)

= SATH17][18].

|

3t dolgE 7|wto g o] AojdH R ZHE RPM, EFZHRudder Angle) ¢ ©l
JHE A% Wol AHe] £2FLEF FINDL A ANHA o ANk em
At Adb= 3AAA AN AT, 23 A 2=0E B Fe PR EHT R Bt & AlE
dolHol A= 01% (FAHo® AMtE AN g 01% (HAS R HolEE HE3rt
2S2epnte) 2Fae FHRAE o FeAatyel F2 AgHn 2 224
2 (Twin Propeller)¢} 2709 EHTwin Rudder)E ztzt &li}e] A A (Object) & A ZH3)
A 2ol dgsls AAES AAeRd. A" AAES 7IEe] Zra glolB e
2 (xlib)oll F71sle] =5 A4 Ttk Fig. 18 &AL 28 ~(class)
T4 vhehya Qe
CTug CMotion Current
(Using relative
m_TugForcel m_SurgeVel velocities)
m_TugForce2 m_SwayVel
. m_YawAngle
| .
. $:2ifg2{§el Environmental CWind
m_TugForce6 Tug Forces > m_CurrentAngle Effects m_Windvel
. . m_WindAngle
TngFo'rce() DotVeI()'
TugYForce() RungeKuttaGill() L
RelWind()
TugNMoment() WindXForce()
y WindYForce()
WindNMoment()
External Forces
CHull CPropeller CTwinPropeller CRudder CTwinRudder
m_Xuu m_RPM m_Port_RPM m_Height m_Height
m_Xvr m_RPS m_Star_RPM m_RudderAngle m_RudderAngle
m_Yur m_Pitch m_Port_RPS m_GammarR m_Port_RudderWake
m_ProWake m_Star_RPS m_RudderWake m_Star_RudderWake
HuHXF(;rce() . . . .
HullYForce() PropellerXForce() PropellerXForce() RudderXForce() RudderXForce()
HullNMoment() PropellerlYForce() PropellerlYForce() RudderYForce() RudderYForce()
PropellerNMoment() PropellerNMoment() RudderNMoment() RudderNMoment()

Fig. 18 Class composition of Ship Dynamics Calculation
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422 AAYHF

AoJeE = g, 77138, e #es giett. Ao WEd we 2yy 2~
A 919l ZElE(steering wheel), N7 € 13 Z(engine telegraph), X HEEH
(tug controller)E& vl$-~2 ZZ#slA dvh WHE bz, Z2dy 3)1d4 i 9
29} gol|l tigh JrEo] EEALEZ HdEH T Fig. 19% 2528 uke] Ao 9=+
£ Yehda gl

Fig. 19 Screen of Operation Panels for twin-screw and twin-rudder ship
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423 FAFEESHF

Pl gREHF = Ao dist I HRE ofFZ 1 Alo] A (analogue gage)ES ©
43 RAFE 98 st 7 AolA 5L Ao H=ZZb(heading angle), X2 Y
3| A<, BHzt, 37 E(turn rate) 283 AES el obdZ T Alo]A] g
wE AREe 092 BANY ngs 259 Sud od gusE EAd.
Fig. 202 2528pd ko] e BEd 55 vetdla 3o

| _e2225Pm |
VELOCTTY ¢ [T e vELOCITY ¢ [ e
avcre  : [E . avcLe R

PORT. S5TAR.

. ..

AL

Fig. 20 Screen of Navigational Indicators
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4.2.4 3XLAAAEF

SHAAAARRE At B8l AAGRE 334 Gy Eoiel Al
wolFi dne A5 G FRP PHAsEA J09 PCH ZzAdE THHo)
Ak BAY G AARE AF AP FHUPAA QALEEEE AN
oz AWWTH EF A4H AUES ) A5 FHLFE 3990 G o8 A
AR Z7te) mRAY s F9 45 e 309 AokEE AAE, & RS

AE
1357, A3} 307 (1= 107, ofgl & 20°)2] Ao Y= o] F . ). T Hobserver)J
A= xEha(wheel house)d A ZFAMA =
(gyro-compass repeater)E 7| Oo 2 3o A3 Fig. 212 3G A Al A @ 52
239 AlopH 9IS YER L Tk

Screeni

135

457

Gyro-compass repeater

A

Fig. 21 Visual field of 3D Bridge View
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425 239423 =

Fig. 22 Yepdl A} o], 2 ==
& ARE BHAFE 7T

2 44a & 9

= 22 AE, AATG g A o
=& dlolth(radar)®] 715S 3t Ao

tlo
ok
i)
[\
)
rlo
N d
o

PP R — /¥

Fig. 22 Screen of 2D Bird’s Eye View
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4.2.6 Instructor’s Console

Instructor’s Consolex 47}A1 9] 7]5& gt AA, AAukat 3fvto] tfgh dolH

ol ~& #Eatn, A2 vte, 257, FoF 94 53 2 A gig A" ss

Ttk A, AA AF3 o Z2] A o] A(application) S Aojst AlEHolE e 2

AA TS gk Ao R B dF X, A& a8 32 55 2A

stal EfAY 52 AtelE 98-S T@9stal Y Fig. 232 Instructor’s Console
2l (

o]-&3 HlolE o] wefe] AHA(HNE Kol T

011

mlo

Fig. 23 Database format on Instructor’s Console
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A
i) =]
< A A Z =G24 MultiGen(MultiGen—Paradigm Inc.) <
& . MultiGen& 2 A|ZF Al E#o]Ado] @ FslE Bdy A~
¢l OpenFlight dlo]8 XWl& Ar&at™ 3xd xd mdy 3 5587 Zdds
gt dofA vl B9l Fig. 24%= vkt Aute] 339 =Y QA 7
S Yz 9t Figs. 25~282 FAMakyl Auke] 331 o
HolFa gtk A#R], 9, 31 5% 22 tE AAEE ° =

Numerical Ship Drawings
D|g(|iaé)2;1art (Body Plan, G/A)

—

3D Modeling Process of Objects
by MultiGen Creator (LOD, Texture,
Color, Shading, Lighting, etc.)

I 1

Geographical

Features Object I\S/Irc])ige(ljgef%
Model (*.flt) .

—

Virtual Reality Image Generation
by Vega (*.adf) & C++ Programming

Fig. 24 Image generation procedure for geographical features and ship
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oo Az dquuelde 9% 349 And 7yl Aasth ARUA o
4 BAG SEAUE ANrow As maAdcl s gHlx = BA
Rregan Aol ool aTdT o 93 3xY ey Ay EZA SGI

(Silicon Graphics Inc.)¢ IRIS GL 7H%& A]~#<¢l OpenGLS 7]HFEe & 3= Vega
(MultiGen Paradigm Inc.)E ©]&3FtH20]. Vegar MultiGenol|l & A E o7
2 d = (OpenFlight files)& 7]Wko 2 3ol ADF 3 (Application Definition File)®] 2}
VR 2&E& A8t Cr+ 223 dsso] adg dvss vt ADF 3¢
A epA Y e 54 A S(dynamic objects)¥ A ¥ S3 L AHY AAE
(static objects)S EE3IH T4 AAEL AAZto R Axk® AMuke] 9z =7}
of tigh Huro uwef FA o)A Hrf EI Vegarw TS A E(FoF <, v &
o)

< A4 7 e I Wik B2 Vess 7HA A

flo r1r
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Fig. 25 Coastal Line of Pusan Harbor model

Fig. 26 3D Image of Pusan Harbor model
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Fig. 27 Hierarchical visual database of Pusan Harbor model

Fig. 28 3D image and hierarchical visual database of ship model
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6. A AlEFH A o

B AU ZZAIEHOlHE o]g35te] HAbele] gk 22l M vt 2F Al EE o)A S
SR TH21]. AlvE o= 4k 9)d wrukAel A =AM A (pilot) 7} S A3kl AFA o -
ol Hotate Aoz vk 7] A& 596 kyots (dead slow ahead)ol™ ) &4
27 307°= dAstdnh. 1elar vbgh, 2 g RS AAst o
Table. 20 YEW AT Figs. 29~332 F4bgto] 283 252ep4ddke] A A7 A&
oM A& o e gl

Table. 2 External environmental condition
Condition Contents
Time of day Day
Wind 10 m/sec (Vy), 49" (¢y)
Current 0.5 knots (V) » 1807 (¢)
Fog Nothing

Fig. 29v F4F 93} oA FZo Ao 43 27 S e ok EH4A =
o] oA FASA Ha F2E uwet dgstA Erth Fig. 302 d¥stE =5 ERA
Az we gEe dehln gk AR g e o 5w 23
o do] Mo} Aule] 2tz WA s|o] A& Fhel ) Fig. 318 2526k 4ute] %
Aol Aetd 25S Jetdla k. Figs. 32, 332 2% A|EdolXHo] vy
< 9y = Zyeld Fig. 325 A4 dHMhidh) < YeElla e Fig. 332 #f
Aol g 2FLF SepvlEEe] A hE WsE nelFn Ak
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Fig. 29 Captured 3D view from bridge of the ship at the position near

breakwaters of Pusan Harbour entrance, where the pilot gets on board ship

Fig. 30 Bridge view of meeting with target-ship

on the passage of Pusan Harbour
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Fig. 31 Bridge view of mooring at Chasongdae Container Wharf of Pusan Port

PUSAN HARBOUR N

Tr Light house

O Buoay w E

0 038508 T km

Fig. 32 2D display of tracks of ownship during berthing manoeuvre
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Fig. 33 Time histories of motion parameters of ownship

during berthing manoeuvre
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