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Free-running Model Test Methodology for Realizing Ship’s Maneuvering Motion in Full-scale
During Berthing or Unberthing Operation

by
KITAGAWA Yasushi*, TSUKADA Yoshiaki*, NAKANISHI Toru* and SAWADA Ryohei**

Abstract

Automatic berthing is one of the technologies that makes up the navigation system of an autonomous ship. However, the forces
that control the ship’s planar motion are weak due to limitations in the propeller thrust and rudder. Therefore, to ensure the
safety of an automatic berthing algorithm in a full-scale test, the algorithm must be preliminarily validated by a numerical
simulation or a tank model test. Toward the development of a validation method for the automatic berthing algorithm, in this
study we develop a methodology for the free-running model test, which controls actuators of a ship model to realize similar
motion to a full-scale ship in the same operation. The developed methodology is an expansion of the rudder effectiveness and
speed control (RSC) method, which controls the propeller rotation speed, rudder angle, and output of the auxiliary thruster
system (ATS). The developed method can realize the effectiveness of the rudder and total acting force in the longitudinal
direction, which correspond to low-speed maneuvering of a full-scale ship. Furthermore, the wind force equivalent to that of
the full-scale ship can be introduced by incorporating the wind load simulator (WiLS). In this study, the free-running model
test of the automatic berthing applying the developed methodology was conducted. The automatic berthing algorithm consists
of the Pure Pursuit and Autopilot method and the setting tactic of the engine speed for gradual stopping. In this test, with
measured results of the maneuvering motion, the tuning process of parameters of the algorithm and ship’s behaviors even in

windy situation are successfully shown, as demonstrations to show usefulness of the developed method.
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LTW5.
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F9, KT IREDD T 1 T IEREREOFE O FiTE 7 AITEARE (up)l X MMG BLOFEEE T L L0, 2.4 D1
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TEHGEE T 2B AR L LI2b DO TH Y, BEEEEHET LT Y X AOINLIZ KT 5 28 A BGEE L 72WIGE
IBIDOTTRPNEE L 72 5. SNELZEOWN, I K DA NTEARIZ 7 v — RARERNICH] > THETE 5 72 0iEl
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Scale L,y [m] B [m] d [m] Cs[] Dy [m] Ag [m?] Hi [m]
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ITHRIPHN CHRIRORBR LTV A 25 E LTV D. 2T, WEIHEESIXH BTER OBBRI O ®E - HE - 5
PE U TN A LNTEHANE S & LT &b 78, HEiE RSCIEK Y32 HiCfifai 4 5 BEEL T LT Y XAD
TEODAINMEEE L THIATRETH 5.

JEBE RSC LR OMBIR D BEVEE T LTV X LD U TV H A Ll 7" v 777 21X MATLAB/Simulink 7’12 %7
Y =X DERWTRZL, VINAEA LT 7Y r—y a r OERRHAFI T MES AR NIZ= L7 (= 24k
@ Seagull Mini X OMFED Y 7 v =7 #FIH Lz .
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3.3 BREMD T A LHABREREEE
ARG T T OEEE Y 72 < TEMIEHE R E ST TR WW 2, ARITICBIT 2 EEEM O T ) A3 EH S
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B) %ML%®W%%E FREABHED RBUTREE D AN BRICE R CTE RN & &7 5.
C)  BHEHS COE I EIC BT DT A YE 51k L72BS, FAEERS S 05 IELINTHD Z L.
D) EAZEH SRR ORI BT 2 AN  EDY 1%t HEE ) L 0 IR Iz HAURE IR & BT
E) BAEMSE LR O GBI T 2 s EENE AT IERF O 23 PE R & OKIEERERIZIIT 5-180 &) ThH Y, A
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v' Start from 25% service speed

>/ v Heading angle : As straight-

i LI LI, ,AA_//. entering to path (-120 [deg])
! L~ |
Mode 1to 2 \\10{ i / ’/
8 : 5T I 1T
ath
= 7 \:\ / A Start
® 6 ! ? ¢ Goal
! @ Mode Change Point
5 b - - - - Controllable zone
ol [T
Mode 2 to 3 ! ) ) -
3 v" Stop at the goal point (Velocity (1) is reduced
2 H than 1% service speed)
Mode 3 to 4 (1) _J:_ Ve ‘/I II-Ie;Iilding angle : For west direction (-180 [deg])
HES=ssSE
-1 001 2 3 4 56

v/ L

4 BT ) A BERRVEZER (FRRR( “Control lable Zone” ) (& BB ENEITHE)

3.3.1 FkehikERFER

JEBE RSCIEIZ X 2 HEWEROFITIX VKT REN BT 72, ETREROME 2T %, KA Sawada 553
/N C A B E A ) ST ST A — ZBEA PR EE & L CRINR 7 U A4 0 B Eh S Z A 7o 23R
ot 22T, BIBOHIE T A —HRHETTE2 BB Lo o742 HR, BB RKI)EEER e S8 5 i
INT A= BBEOBRIZHEI LTz, Z Ol T A — 2 BEOYMREME (KFEH, “nitial”) K UORAITIC L Y I
WY FENZFHEAE (KEP, "Tuned”) %23 21RT. £21TR L TWAF 1T [AEHGER EEITEMRE DT
BV, HL9E RSC IETIEL Z OED S EEHEEERRIUI N U CTEMREOFEE TN EEZ Y T Z A L TRHEAL, £
DIENZFES W THIRL R HEA R ANEE 2 5.2 ZHRIREDO 7 0 ST AR AR U U T Z A LA THELTWA.

& 2 PPA LR U SOM D EZFIEH/NF A —5 EEMRE TORS EERHEREE

Method PPA 1st Mode of SCM 2nd Mode of SCM | 3rd Mode of SCM | 4th Mode
Parameter | Ly/L | Kp | Kp(s) | ns(RPM) | dsw/L | ns(RPM) | dsw/L | ns(RPM) | dsw/L | ns(RPM)
Initial 1.6 | 3.0 -1.0 32.1 6.7 32.1 4.7 32.1 0.67 -32.1
Tuned 1.0 | 45 4.5 32.1 9.0 24.1 6.0 24.1 1.5 241
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%E, " Tuned” : BATICK VIRFR L-BUFERENE MERRSIDRIRIEIBRLCERBRLZETY)

ZORBURIABE L T, FEODITZABEESRIIEEZ ERL TE D LKl T A —% OFPFEZATN e D
RITAERE. 22T, T A—ZFHEEEICHIHE & L7z PPA 1M O SCM Ol S A — & O FARIBMRCFHEE 7
FHZOWTIRRTEL . £, Lookahead distance (L) DWT, HEHERHIB WL Lr2E< 95 Z L1307 ar
ZRHIT 5 2 IR, ZIUIHBIHEOA T GRER) 2RO TIEERUTHH0H, BftE SIS S
NaEmERD. Lo, Lz T25Z I AOENEINHT S Z EICERD. —FHT, aiMfiflshs
ZLITAM E R L OREFHEOHEE VI WD SICEN LT, ZOBRERAFEO T WGAIX L2 EL TS
RETHDH. PPAIEOHIEHT A Kp & Kp b ar DI A G- L, T 5 OFREEIZ L 0 FEEFEEEO IHilo 7 26
A LESHEDLZENARETHS. SCMIZEWTIE, F— FUEIECE— RO 7 0 F [ EERE 2 %+
52 L THEDOBIEZETE D, ARIOKBIRREBET D &, T— NURALE 2 Blda sl aifE L3 iud &
DESBESED ZENARETHA . MAT, BEDOTZDIZITE— R4 DEIEE— RIZBW T BT Wilis
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