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A Design and Implementation of a Simulation System
for Autonomous Navigation of Intelligent Ship

Won-Ho Lee'- Chang-Min Kim''- Joong-Lak Choi''!
II-Kweon Kang''*'. Yong-Gi Kim't'*!

ABSTRACT

ANS (autonomous navigation system) is an expert system which builds navigation plans, understands the current environment, and controls
a surface ship. The most ideal way to test ANS is available after it is installed into a real surface ship. however, it is impossible to implement
into a real ship. since it costs too much to develop the hardware interfaces just for testing. The most appropriate way for testing is to develop
a simulation system for a surface ship and apply it. A simulation system for a surface ship consists of two sub-systems ; one is a ship
movement simulation system to imitate the physical movement characteristics of the ship, and the other is an environmental objects simulation
system to build up surroundings of the ship. In this paper, we design and develop a surface ship movement simulation system which imitates
its physical movement characteristics by using a motion equation for surface ship.

FINE : AIBR2ER AIAH(ANS : Autonomous Navigation System), HE7 AIAH(Expert System), MUA|IEHOIM A|A(Ship
Simulation System), M4 2EFYEA|(a Motion Equation for Surface Ship)
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m(u—vr)=X
m(y—ur)=1Y (D
I.,r=N

o714 FH(dots) o= ATt tofl it vlEA¢ 7MET
£ ez Aok X, Y, N& Ao zgsts 3a 2q
E(moment)d] 7z A¥S “ebIHX ; Surge force, Y ;
Sway force, N ; Yaw force). 22]31 me Aute] & k()
FEFIE L,E A9 FAd did AFTHYEANE TS
el ol e F4193t4 3 (Hydrodynamic Force) o 2
A x@sE 24 ()¢ o] YEpd 4 )

(m+p)u= X

(m+pp)v=Y @
(Izz + /“66)7 = N

A A X & #HA" Surged o, YE Sway,
N Yaw #olth g, Surged] %7} A 4, Sway
o} B} A pee Yawd| 7t AFE ovlsia g} o
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X =(m +Crptm)vr+ Tep(u,n) (3)
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2 @old A ZeAe gdaz 338 K AdA
| (Correction factor), Cr& 28 2 E(thrust)e] A4[13],
Bt effective blade advance angle, Vyi effective total
blade velocity2 ¢jw| it}
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(Next_State module)®-¥-20.2 43}
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1: // State's values refreshment

21 void CShipMotionSimulator :: Next_State (double &tm,
double &dflDg, double & dflOrDg, double &drfDg,
double & yawRts, double & spdKn, double & adv, double
& tm, double & hdnDg, double &hdnOrDg, double
& spdRelOrd, double tmint)

4 :

5: if (abs(dor) > dflMax) // handling excessive rudder order
6: dor = sign (dflMax, dor)

7: end

8 //regressors

9:  spsi = sin(psi);
10: cpsi = cos (psi) ;

11: vs2 = ysXvs

12 vs3 = vS2Xvs

13: vs2r = vs2Xrs

14: vs2d = vs2xd;

15:

16: // sway force and yaw moment coefficients

17 ys = yvXvys + yywvXvs3 + yrXrs + yvvrXvs2r + ydXxd
+ ydvv Xvs2d ;

18: ns = nvXvs + nyvvXvys3 + nrxrs + nvvrxvs2r + ndxd
+ ndvv Xvs2d ;

19:

20 // dynamic equations

21 fu = xfetvr XvXr + xfetdd X uSq X square(d)

+ xfet X (Thrust (u, nor) - crXuSq) ,
22 fv = yfctur XuXr + yfctXspdSgXxys ;
23: fr = nfet X spdSq % ns ;

24

25:  //kinematic equation

26 : fpsi = r;

27 fxi = uXcpsi - vXspsi;
28 feta = uXspsi + vXcpsi;
29

30: //steering gear equation
31: fd = RudRate(dor, d) ;
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Sway £%, Yaw %%, 8197}, Advance, Transfer, €} Z}

& 27180

1: CLLASSF ! INITIA : System Initialization
2 VARIAB : NUMBER : INITIA.SESION.PERIOD : 1 :5: A4

#)

3 VARIAB : NUMBER : INITIASHIP.LENGTH : 1 : 7057 :
27

4: VARIAB : NUMBER : INITIA.SHIP.BREATH : 1 : 123 : A%

5° VARIAB : NUMBER : INITIA.SHIP.DRAFT : 1:45: &

6 VARIAB : NUMBER : INITIA.SHIP.SSPEED : 1 : 15 @ AH] 2

hE
7 : VARIAB : NUMBER : INITIA.SHIP.MAXRUD : 1: 35 : o}
e 2Yn

8 1 CLASSF : INTFAC : Subsystem Interface

9: VARIAB : NUMBER : INIFACSMSIM.RELCRD.X : 1 :0:
2o A X 213

10 ¢ VARIAB : NUMBER : INIFAC.SMSIM.RELCRD.Y : 1:0:
e 4 Y 914

11 © VARIAB : NUMBER : INIFACSMSIM.SURGSP 1 1 15¢
SURGE 4%

12: VARIAB : NUMBER : INIFACSMSIM.SWAYSP : 1 : 0 :
SWAY &%

13: VARIAB : NUMBER : INIFAC.SMSIM.YAWDSP : 1:0:
YAW 7Zh5 %

14 © VARIAB : NUMBER : INIFAC.SMSIM.HEDDEG = 1: 0

a7t

15 VARIAB : NUMBER : INIFACSMSIM.ADV 11 :0:
ADVANCE

16 © VARIAB : NUMBER @ INIFAC.SMSIMTRN : 1 : 0
TRANSFER

17 : VARIAB : NUMBER : INIFAC.SMSIM.RUDDEG : 1: 0 : E}7}
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T& wetti4]

HA (17 82 MukEsAlEueld Alavle MAE
S A3 Aytelr} (oY ) AeH Ao A~
o] Ao AlaEld dFste AEd AR gl ~
A E(I5Knot) 2 Fash= Merg EEAlo] AlAgleAM E
4% HAdE ENE o ke el 5ol hHN Ay
At Aol (717 8)& AMEkgEAliro]Al Al xwleA 5
Zopch dube] egbdel s vlehlan Qlh (1% R)ellA A
dh S-gdEl= Al Surge Fili, Sway L Yaw FI, A
u} 7} Advance, Transfer, 28} Z}S oz Rolaq 9}

t}, o] W& Az 3 A (19 99 g, (17" 100e
Ak 1% S

= = L =z
A ekl fuicksel JeAHEE RFI loh
b (ul e Rss |
court | U Y psi ®i eta d
1 742 0.23 0.02 172 4511 27 1232
2 725 -D49 006 1307 8182 5,27 24,64
3 662 -1.19 0.08 3600 11552 1624 3493
4 59 -1% 006 5726 14144 348 300
5 561 -119 008 7435 19868 5840 3500
6 2l -112 005 9958 16810 B409 3500
7 493 -1.06 005 10395 17051 1002 3500
8 483 -1.02 005 11779 16664 13479 3500
g 470 -098 005 131,26 15727 157,26 3500
1D 461 096 005 14448 14328 17650 3500
il 454  -0% 0.05 15750 12559 191,77 3500
12 443 -093 004 17037 10520 20252 3500
13 444 092 004 18314 €316 20840 3500
14 441 091 0.04 19582 6056 20926 3500
15 433 -090 004 20844 3047 20517 3500
18 437 -090 o4 2210 1790 19%.40 37,00
17 43 -089 004 23354 -019 18341 3500
18 434 -D&9 004 24605 -1499 16685 300
19 433  -083 004 25853 -g6E3 14753 3500
20 433 088 004 27093 -3223 1263 3K00
21 432 088 D04 28344  -3391 10434 3500
22 43 008 004 29588 -3080 8250 3500
23 431 0498 004 30832 -2307 6186 3500
24 431  -098 004 32074 -11.08 43308 3500
25 431 068 0.04 33316 459 2792 3/00
26 431 -088 004 34558 2322 1h20 3500
27 431 -0,88 004 3800 4392 8% 300
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