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2 EFBEMRtEZ—ER
2.1 FRE21 EFEOHMRED
2.1.1 #BE5tz+—
% 6 El# &+t =F— lChal lenge and Development of Sea] BAfE

6EIB LG54 EIDHMELIF—IE, Hi—T—< % “Challenge and Development of Sea ”
LT ERBERARE U — BT 56 MMM EHMMICEET PAERR. REDT O—
NIVGEEICEET AT —VERATHEBERREITE O/, F-. BHARERDH L ITITERRIG
ZORHENERITON, BEICEALLIIEIFTLHEANSFRLBERITDOEINT,

B B:2015& 128108 (K) 13:30~17:00 (F#mH= 17:30~)
2 5 HRFREXFREEHNFUERR KRERWMXREBARYHR—IL

RETR  BERETEMRNM & BR
3324 EfBsEfEtLtU 42—k mit HE
BE1 BEEXURBM MBS - ZEORKERRT 21— VI OHEHMT7 T0—F]
(An Integrated Approach for Schedul ing of Seaport and Airport Facility Operation)
ARARFAZREEREHARN &R SH EBX
EE2 BEHEWEEF [Dynamic Positioning Operator Education and Training Scheme
—Current Situation and Future Improvement -]
Korea Maritime and Ocean University Prof. Dr. Captain Byeong-Deok YEA
BE3 BERE2EEUREEM MAIS T—2 ZRAVHHFSMMOMTERENTICEY 58%]
(Analysis of Actual Situation of Waiting Ship Using AIS Data)
MREREZXZREBENFMRMILREBRYRE & RE
EEA4 BEBCRHZHRIEM [ER s8I SMMERBHEDHRE]
(A Study on Maritime Collision Cases Relating to Territorial Waters and the High Seas)
BLRERER FEHE BRE Rz ARtV —FEHER)
FES BREREIRILY—MRIHNMA RERSBISXIEERT-1 ZAV:-TI5X<
- BRAER  BIRILE—A U T RKRH SRR
(Plasma and Fusion Researches in the Magnetosphere Plasma RT-1 Device :
Development of MeV Gamma Ray Detector)
RRAZKRERFELHARHNFARHERBZARRABIRIILF—IEER
To5XATEBIFEE #HI% wHE EH
FE6 BEWEAMEMMM EFRNBEMTT SMMADERIEMIIES R T LIZDNT]
(Remote Maneuver ing Support System for Vessels Navigating the Seto Inland Sea)
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2.1.2 BEHEUIERMM
1. BER-#EE [KFERICBEWZEET]
BESMURARICE > TRESA. MENCDOAR. BETLMIRLZZEDTELRVRE, F
EOHALSM THRESMNIBR - A - XEIZODVWTEHEELEEEDRRZIT o1
REFICHEERONMAMRERSBE L. BICEOLLBERZHRE L. BBMAICLP2EDFZE
BADZ LS, HICHHBESEEADIVERELDEER D,
HWIT<DERBEEDT-&., BHZEREL TORETH =A%, MBS - BRESLEDFE
VEBEICHEEKOHLIASAGENSML., BERTREERLSELFRICTRONT,



BF: 2015 7H168 (K) 14:00~15:45 (EERE: 10:00~16:00)
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2. WOMAR Project

B #:201564£8H17-188 ) {£) KOBE UNIVERSITY €8

Warkshop tn
Resources

f B HFREIavEILF T4 R
(ZmE (74) ]
- IYFa—tyVBEXRE (USA)
HEHIE Paul  Szwed
- T ) TEREBEFRK
(ZLox)7)
Bi® Hakim Bouzaher

T4 ZTEBERE (R—32K) iz Adam Weintrit

- A RRAT—=)LIHKE (bL3) KE#¥E Serder KUM

- HEXE (HAR) Hix miEMaE, HEBUR SEEZ=, EZUE  Rooks Matthew
($E]

LERF AN 3 EREIER Y #HA TEFMARD Project MR & L T, HRDBERKFELBEAHM
($97008) ST B T—2N—R (X) M20M4EEKRICEHR LIz, TOMBEESIEHE,
[BEHMEREBMAT—2 2 3 v 7 (WOMAR : Workshop on the Maritime
Academic Resources) ] LT IMERKZRFI—FSER, 2OTBDY b
F. HADBERRKEZNRBFLTLWIWRR - BMORXFLABANAZRELG L %
BELTWLS, BE/O—NLRY FT—VDOBRETEHOKIZE TS,
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Maritime Global Network
MR BEHREMREZEEKT 5012, BRENRETIHEMREER. B UEHE=R.
BEIJO—NILRY FT—0DREMRE STOW £HEDFERIRM L “Student Micro-Exchanges

(Rooks) ” , “Maritime Education System in each region (Adam, Buzaher, Furusho) ”
“Intercultural Development Inventory (IDI) (Paul)” DL STV —IINBNEh, REELL
RICEIT = REETERENEEE L TREINT=,

2.1.3 BERELEHBRIRM
1. AIS9—9vavd

BEREEEMRBATEEFAIS VATLRVEBROSETRICHAL TRIMEER-BER
X#%E1TS TAIS Work Shopl #BELTHY. REET 201643 A 11~12 B, HFAERI
XX UNRRICTHRELEZ.IL—2TF AV ERVTHREDBINDORZE BROKZEDOHITHEE.
TEGENSILZ, AENSIENSMUI, AISET—TICIEHLIHARRERE L. FERERRIC
BERICEDRKHEMNR T o, EREEEIMILG ST,

AlIST—92avyI0TRTSLERIZET,

The 9th Asia AIS Workshop

Date :  16th-17th, March ,2016

Venue : Umeki Y hall, 1st floor of the Academic Exchange Building
Graduate Schol|l of Maritime Sciences, Kobe University

Background and Aim

AIS (Automatic Identification System) is an automatic ship dynamic and static data
transmission and receiving system installed on board. Ships can get other ships’
dynamic conditions such as positions, velocities and static conditions as ship names
and dimensions. Those data are useful not only for keeping local or individual sea
traffic safety in navigation but also for extended or advanced big data analysis for
risk evaluation of restricted or congested sea areas. The aim of this workshop is
to exchange the navigation situation, seaway conditions, evaluation method of sea
traffic, analysis method of the big data, and more

&neral Meeting (16th March)|
13:30 -15:00 Discussions on the future workshop




Workshop program (17th March)|

10:30 Opening address: Masao Furusho, Kobe University
10:40 Potential of Maritime Monitoring by using Space-Born Technology,
Masanori Watagawa, PASCO Corporation
11:10 Study of Risk Priority Number for Marine Traffic Safety Using AIS Data,
Muhammad Badrus Zaman, ITS
11:40 Lunch Break
13:00 Application of AIS data analysis for Natech risk reduction,
Xinjia GAO, Kobe University
13:40 Location sharing system for AIS and non-AIS ships by using smartphones and
cloud server, Yasuyuki NIWA, National Maritime Research Institute
14:15 Utilizing AIS data for collision avoidance evacuation for vessels navigation in the
straits of MALACCA
Utilizing AIS data for evaluating the impact of dredging and reclamation works on
port capacity by using discrete programing ,
Adi Maimun bin Abdul Malik, Universiti Teknologi Malaysia (UTM)
14:45 Coffee Break
15:15 Navigational Safety Indices in Tanjung Perak Port using Maneuvering Simulation
and AIS Data, I Putu Sindhu Asmara, Surabaya Shipbuilding State Polytechnic
15:45 Analysis of Navigation for Entire Ship Voyage in Seto Inland Sea Using Automatic
Identification System(AIS) Data, Xinjia GAO, Kobe University
16:15 Performance Comparison of VDES and AIS using VDES/AIS Simulator,
Kazuhiko, Hasegawa, Ryohei Sawada,Osaka University,
16:45 Model ships experiments of collision avoidance for using AIS data,
Wataru Sera, Kobe University
17:15 Reception Party
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B B: 201548218 (k) 12:50 ~ 17:30

5 Fr: RERBFERF - -BHEFXFvY /R HBHERE BE

F E: BFER-BFEHOEKEEHASELTVD, BRREIRMOEBZEH-BEE
BAREMICEEINDIARANANNDDOH S, MNSRRICFEEMELED K S IS/ - B
FICICAT AN ?SEHREBBIEICE > TINERR L TV D ENEDOMMIEF - FHERE
DEEWVNIERET &ML YL RABETH S,

13:00-14:00 %18 : FHMA : 4. TLT D
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14:00-16:30 252 & : FHAMA : KFORRAIF
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AE8 (15:00~15:20)
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BEBFFOBERESROERN Ein AT (RRBEKRPE)
16:20-17:20 FE3E : NRLTARAvay MBELEFH. Z—XERTOBRZIES]
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T¥H5,

KEERRUVFRET—TELELTOBEEREABORMEAN G, FERIZAF- HEFEEF
HOEE |, BICEDLOORMMAFELEFRREOAEY AERER LI,

18288 TR KRE— - NPOFEFAZHET 2REMAERE
14:00 BAREE BfkH— - EEX2EEAEE 24—k
<E1E FHEEIOFRRK>
14:10 TAIBEZFALLFE,NLDOHBEKIRFEEA
FKIRE] - FHMEHATEFKEEE (JAXA) BEFFEERtV 2 —FERXE
14:35 NENRFEICKSHBREBRE ZDRA]
EEEL-LEEREFHI v avEVEA—R
15:00 MBE2IC& LEKBERDOEEL] k £¥ - HEXRFEREIZBE
<E2E KELFHIA>
15:40 BEFRICLIEET HIEREFLVBMO-ODBFRERDEE
WHBZ - #EEN KFREFERATR IR
16:05 T4 )Y LSBDH—ERZR= ITHREDERY A
MHEME - (FTETRERRZ YR T LEREFEEIR
16:30 TRIZERICKZEETHEDI-ODEET Y EL T FEDRE
mERZE T, MEAME - KEREHR L2 — (FRA) KEIFHERR
16:55 TICT HiZMALIZRE THA DBREBBEEERIE S R T LDOHEMBAF]
2 BsEXREABEAEE 2 —ELTHEE
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<EIM BIFEEXEFHIMA>
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9:25 IREPEICETLHBEREDER -T—20REEEOHAN 5 DHEH-]
MAE - WVTH BR) IR, RRAERRR.BIMRIEARR
9:50 DMBEFIKRIFICETIFH -BHEONA-T—20REEEOHRN > DEH-]
SH—K - REERIE (B IAREXFBHREHNE

10:15 TBFERAZTEXRDOAHICHT S2MYBAHDBNEFHAADERMEICDINT]
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AEHTE: 2015F5R29H

FAEME: MEEVRYRVESROFRL— 3 VRERE
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AEBRFE: 20054 T7RH15H~16H

FEBE . Southampton Ba U T+ A —SIFILHEDA 7 Ky I BEY— FIEROA R L —
vavERHRE

4. FAEXRHEE - Bangkok EFEEE

AEHTE: 20155F9AR18H
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MEEE?2: BBMETSATZHDILOHO TS XTHIZEORE - BAFKHAE
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B B:20164 2 8 24 BH (k) 13:30~15:00
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~ 75 XTEHR & NEEF 4T PIGE~
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2. FEBFRENERS

FE—REFREMEESZHREL-. RIZSTTEY. ZRNDL 4 HOHRERNH
Y. #30 2AHE L TRFDBFIEREMRICOVTIERICRVERET o=, MEI#
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1100~ Bk 34 w X MWFXE
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FHEICEEDFBRARICTOVNTEET,
1. [SEZHIVEBREZEHRBETOLIAL—Ya FAEZATV. RELMBEORREZST.
b -RE, BEE. BREREICETSHVIaL—Ya VEOHRT, RiD-REHHICEAL T,
BEFEST—2a VvV RTLEREILT,
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Topic: Fuzzy based Waypoint Controller for Automatic Ship Guidance

Introduction: Navigational path planning is a usual task of ship operators which is done based on the
given set points called waypoints (WPs) to be passed. These waypoints are generated according to sail
plan and weather data or given manually as autopilot inputs. Nowadays, the autonomous navigation of
marine vehicles is gaining everybody’s attention due to the inherent difficulties in manual ship navigation
and control. Each ship’s response is different from others and to get used to it, every ship operator needs
some time. Therefore, to follow a planned path manually, i.e. proper timing of rudder angle changes as
well as to take the counter rudder to overshoot the existing sway velocity and yaw rate has always been a
crucial matter. As a result, in the field of ship manoeuvring, the waypoint tracking problem is an issue of
high interest.

The waypoint tracking control problem is basically how making the ship follow a given set of waypoints
by controlling the rudder. To solve the problem, defining proper guidance algorithm is very important.
There are several guidance algorithms exist, like pure pursuit guidance algorithm, Line-of-sight (LOS)
guidance algorithms, etc. Pure pursuit algorithm only considers the target i.e. waypoint and the vehicle
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itself. It seems like a predator use to chase a prey where the approach results in a tale chase. On the other
hand, LOS guidance requires defining the enclosure radius or look ahead distance to get the LOS setpoint.
However, in both cases WP switching algorithm is needed. On contradictory, this research proposes a
fuzzy based guidance algorithm which measures the nearness of next and second next waypoint one at a
time and decides the desired course. Therefore, there is no need of additional algorithms for waypoint
switching. In order to measure the nearness of WPs, distance to closest point approach (DCPA) and time
to closest point approach (TCPA) are used. Then, as a course keeping controller, PD is used to match the
desired heading. Therefore, basically the proposed controller has two control loops. The outer control
loop belongs to the fuzzy that generates the desired course based on given waypoints for the inner control
loop and the inner control loop makes the ship move towards the direction of minimising the heading
error by controlling the rudder angle.

Controller Design: In this research, for the outer control loop, the control laws similar to collision
avoidance rules as mentioned by Prof. Hasegawa are used. The author in his papers, measures the
collision risk (CR) value depending on the existing marine traffic for the own ship using DCPA and
TCPA. The basic control law is when the own ship approaches closer to any target ship, the value of CR
will increase. Depending on such calculated CR value, necessary actions like changing of rudder, speed
decreases etc. are taken. In case of waypoint controller, similar to this, as the ship is away from the
second next waypoint, the command course will consider only for the next waypoint. However, with the
increase of nearness to the next waypoint, the course will modify by considering both next and second
next waypoint. The control scheme of the proposed controller is given in following figure.

I
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|
|
Outer loop :

|
— |
i i |
waypoint Fuzz E;:'C"rllid PD controller | Rudder |

— \zzy g for course Ship | DGPS

controller . |
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I
! |
! I

I
| Heading Gyro :
: compas |
! |
L I

Ship's position

Fig: Control Scheme

In this research, the fuzzy system will decide to choose the appropriate course defined by the next two
WPs as following equation:

v, =y, +(y,—y;)*CDH
where, /, is order of course change, i is course of the shortest path to the next WP, i/, is course of

the shortest path to the second next WP and CDH is the reference degree to the second next WP
(0 <CDH <1), calculated by fuzzy. After deciding the appropriate course by fuzzy reasoning, the course
is corrected using a PD controller. The following equation shows the PD controller used here to correct
the heading.

5order = Kp(V/I _V/)_ Kdl//

- 5order 2 250’é‘order = 250
= if
Oorier < —25%,8yger = —25°

order order

where, y, is desired heading calculated by fuzzy reasoning, y is ship’s current heading, ¥ is the
yaw rate, Kp is proportional gain and Kp, is differential gain.

Results: The proposed controller is verified by both simulation and experiment results. Esso Osaka 3-m
model ship is used as subject ship. MMG model is used for calculating hydrodynamic forces and

moments. Gust wind from different directions is also tested to judge the effectiveness of the control under
wind disturbances. The following two figures illustrate the simulation results.
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Free running experiments using the proposed controller are also carried out for given sets of waypoints.
Few results of them are shown in the following figures.
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Conclusion and Discussion: This resreach presents a double loop feedback controller for waypoint
navigation. The outer loop belongs to fuzzy that generates the desired course for a set of waypoints. This

desired course is then fed to the inner course keeping loop for necessary course correction.

The fuzzy

controller is designed based on the human operator’s manipulating experience. Based on the value of
DCPA and TCPA, the nearness of the next waypoint is measured and the reference degree to the second
next waypoint is modified by fuzzy. Therefore, based on the nearness of two consecutive waypoints,
fuzzy controller gradually modifies the desired course. In the mean time, if the TCPA becomes negative
for the next waypoint, for further navigation, second next waypoint becomes next and the third next

becomes second next. This procedure continues for the rest of path navigation. Using such control scheme

simulations are done for different sets of waypoints under gust wind disturbances. The results are quite
promising. Model ship experiments are also done and included in this paper. Since the proposed control
scheme simplifies the total control design process, full scale experiments are now planned and will be
done within few months.
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58 0 2] 36 46 93 82 12 15 — 64
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