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Abstract Ship autonomous navigation is designated as what computerizes mental faculties
possessed of navigation experts, which are building navigation plans, grasping the situation,

forecasting the fluctuation, and coping with the situation. An autonomous navigation system, which
consists of several subsystems such as navigation system, a collision avoidance system, several data

fusion systems, and a motion control system, is based on an intelligent control architecture for the sake
of integrating the systems. The motion control system, which is one of the most essential system in
autonomous navigation system, controls its propulsion and steering gears to move the ship satisfying
its hydrodynamic characteristics. This paper is the study on the ship movement control system and
its implementation which are totally developed and run on virtual-world system. Receiving the
high-level control values such as a waypoint presented from the collision avoidance system, the
motion control system generates them to low-level control values for propulsion and steering devices.
In the paper, we develop a ship motion controller using Oldenburger’s theory based on mathematical
fundamentals, and simulate it with various scenarios in order to verify its performance.
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Ry = {w} (1)

w={x, y} (2)

a={s,h} (3)

s={u, 0,7, 4,V ,¥, %, ¥, 6} (4

Row={0,7} (5)
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Fomy 0!
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e = Us 4 1001]7‘1 AFZE= Oldenburger Al
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U =sign(o(x,y)) (10)

HAF=E A4 A 9 A A 6 Z(00312)

xzy, y=U (1)

o 44 126 ¥ VY WEYSE 08T +

geh el o7h Aubel MR WSATE ek

t} signe o9 A gto] Huleld ojule A )
T ZHHE AEtdos wdstE Feoldh

O'=—x—5y|yl (12)
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238 6£& Oldenburgerd] A|ojo]&& C++2 T+H3F
Aoltk, o] EES AWEY, dHozE H AFHA
olFslor & Adute) W (psiOr), VA ArlZHpsi),
Qs o)A Aute] £:(rs), A FEHZHd), FA)
o) xutel £X(spd)E YHEL, Oldenburgerd] Ao
oj8d &3t 44 128 FHELE NER zEEH UE
£93i

A2 E A oJA| ~8-&  State_Control, Initial, Start_
state, Order_Rudder REEE FA4HEH o] B85
Azt @Eo] FatH oz X"k o] —‘._—z}Z_—} A E
Aoj3le REL State_Control®E°|t}. State_Control
E5e JMAAY 2AEe AdEgke EI Initial,
Start_state, Order_Rudder2& oA AP =EL
Azl 988 o

. const double PHI 3.141592

double CShipMotionSimulator::Con_Old(

1:

%. double psiOr, // required rudder order

2. double psi, // current heading

51 double rs, // current dlmensmnless angular
6: velocity

7. double d, // current rudder angle

8: double spd // current ship speed

g double ts // first order time lag

10 { )

};I doublefac: // a factor

13:  doubleub; // aggregated state variables

1 4.‘ doublevb: // aggregated state variables
5.  doublex; // normalized aggregated states
16: doubley: // normalized aggregated states
{7. doublesw: // switch fuction
ig.  doublehe0: /! formal heading error

19 doublehe;  // effective heading error
20:

211 he0 = psi - psiOr;
if (abs(he0) > PHI)
55- if (he0 > 0.0)
he = he0 — 2 » PHI

24:
. else
2 he = he0 + 2 * PHI;
272 else
28: he = heO
5q.  if( he0 = )
30; return 0
39: ub = ts * rs + he:
321 vb = d:

332 fac = al * spd:

34 X = fac * ub / ks:

35 Y= fac * vb;

35 SW=-x=05xysx abs(y):
37, Sw= sign(dfiMax, sw):

38: return sw:

“}
298 6 C++2Z ZAE Oldenburger] #|ojo]&




A

olf

Initial EE-2 A4t Aolo] &M dute] AUS 4
e BRon) JEegy Mute o), Yol &4
A 23=, eltel o 7o, Ao} Bl 4
Qe Aok o)FA JFTL dute) AP A
z7) IF0EEE AAA Hed o] IeHEHE
nomoto WAA] ¢Jgor ZFoAth InitialRES
dubel AYE gEwol FAIYEEH Fof EAd= H
A8 $EAE J¥sAe 988 d.

Start_stateZE-& AutEEAojAl2Ho] 2 & A
Hollxjel Mute] LEAEE dFde BECY 4P
ZE A surge &5, sway &%, yaw &%, 9
2}, advance, transfer, B}8] 7]20]A& J=HutA o}

WX Z Order Rudder® &2 Auhe-FA|oJAI 25
A 713 HAZAHQ EEZ Oldenburgers] Aof ol&
o] AP Xolth. YFoZe FEIUA2HY =Y
el Mutol T} o2 0] F waypointe|th. waypoint
= ARFTAE o839 (x, B B8, BLoZ
o] ATt x, BFo2 o At yelch
waypointZ7t FoIAH @ ZdEHe ¥ FERs
Ctrl OldRES 35314 et oy Azl olF
ok & XMupe] wrEky @Al Hw Zh, AUzt
Zes adn #A dute] &5y ddzEcel Cul_Old
REANE 4 1/78% HZ o2 g 4E3 "t

4.5 MYURERIIA|AHS 74

Ay AP zde I AFAF/IHE &
gHog 537 A ¥ J4FoE Ao
2 Byt S sPdAAEke diiAE £oh A8t
SEAAN=EE MY BAFOoZA BE AXLHE]
HARE 98 F Jot A FAA b IA 7 F
oz UE F Jed e /PIAAL Ausg AR
E - 2¥sle 2EY, O e 448 AFE
AXE A5E AAXNE ¥ ZEE vE 5 A
tt O¥ 7L AugEAoAlLHe FHFott

VWClientRE5E£2  7MdAAe A8yl 99
TCP/IP ZREES o]831, CSocketd °|838ld §
Ao LA Holets AEstA ek olw] wA A
- e dlojels AE A 2 Auke] AU Ao
A Al FeAe] Adutel delE WA Yol A
1w o5 AoJAAEE 2785 Atk 2 gEREHY
dlolgle X5d A&EFA2EHY FEI T A2EHY
2939 1FFE A AoAE i g€ 15E
Ayt Aolzle SPAZ Fo) Hute] olFEold thg
BHAt olud HolgE JEuleE B8 AAde=
Ag We BFo] VWClentEEC|

fo fo o

™

N

o

B AL LFANE A DAEFAIA 2T 679

..... JNGHANSE el
py = I network conn.
SRUZEDl ) P | > control flow
e ] i1 process
@ L socket
e ] module
N HUH2SHOOA2E
e
I~ Epll
220 Let0lE e
35 1
Rk
AFENRF T
affang ER RS
v
ZEHXIAE
Oldenburger
i E
USRS, S,
SRS ASYHOH
IIUHE A

AEYOl8AILAE

8 7 Ak EA oA 2" AR

5. AlIEdolM

et EA A AE L A-&EFAIAEH EFE IF
Alz=dolt}, AuhFAlojA]LvlE HAESY] YFE
gL 2ee] RE AL AF FHET AA
Aute] Aztslo] AAANM 3& o rhesich 2
i} A 3rbe wEr|ge s FHE IEFAY <
o] sfgde] Be o] £8HEBER A Aud
Asted Agste dole Ee Hlge] a9
[13-15]. & dFdlMe A EEA A 2dE HAE
&7 f8ilA ZMbEel Aele R ZAdska, k&
Tgae Zte s 3 AuAgd o)A LS B3t
o AF}E BEA3

5.1 MU 2EHI0{AlAY =7]3} DB

%713 DBE Adte] E2]d 54 & Xdo] 274

g Yoy, X5y A&LgA oA 2HAAN AR
dgslolx 2 278 WE5E SE3n Zr)dH12].
R ATy AEEFA A2 W MHA 2T 7H
QLAY TR FEE 2] Yotk 17 8L At
AL AF 27 SFHHE T 2F 6904 19
) Z& 7] A4 Feolm, 2HA ERE ALHzL
o] MA Z=U|(read, write, taill)x 5%, A¥re] Zo]
7057m, Hel 123m, &% 45m, YA 2=
15Knot, Bte]l o} 7ol 35x%) Auke] A¥o) A
gt 9WA SEE 1TAA 21e AuhagwelE
o 93] Aise At JeHge ovigth



680 ARAeE =T AFER AA A9 A Al 6 520012

.CLASSF:INITIA:System Initialization

1 VARIAB:NUMBER:INITIA.SESION PERIOD: 1:5:
2 VARIAB:NUMBER:INITIA.SHIP.LENGTH:1:70.57:
3 VARIAB:NUMBER:INITIA.SHIP.BREATH:1:12.3:
4 VARIAB:NUMBER:INITIA.SHIP.DRAFT 1:4.5:&
5 VARIAB:NUMBER:INITIA.SHIP.SSPEED:1:15: A Hi
6 VARIAB:NUMBER:INITIA.SHIP.MAXRUD: 1:35: 20} 21 g2t

7 Vf\RIAB NUMBER:INIFAC.SMSIM.RELCRD.X:1:0: 8 X1 B & X &

9
10 V/{\RIAB NUMBER:INIFAC.SMSIM.RELCRD.Y: 1:0: B X &2 ST ¥ 9
11 X

12 VARIAB:NUMBER:INIFAC.SMSIM.SURGSP:1:15:SURGE & &
13 VARIAB:NUMBER:INIFAC.SMSIM.SWAYSP:1:0:SWAY =k
14 VARIAB:NUMBER:INIFAC SMSIM.YAWDSP 1:0:YAW 2t &
15 VARIAB:NUMBER:INIFAC.SMSIM.HEDDEG:1:0: 819 2t

16 VARIAB:NUMBER:INIFAC.SMSIM.ADV:1:0:-ADVANCE

17 VARIAB:NUMBER:INIFAC.SMSIM.TAN:1:0:TRANSFER

¢ VARIAB:NUMBER:INIFAC.SMSIM.RUDDEG:1:0:E+2}
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Move(Owe_Ship, SPosition(0,0), GPosition(700,400))
Move(Owe_Ship. SPosition(700,400), GPosition(0,800))
Move(Owe_Ship. SPosition(0,800). GPosition(-400,300))
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1: Move(Owe_Ship, SPosition(0.0). GPosition(500,800))
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