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Study of Fuzzy Theory and Geographic Information
Systems and Their Application to Safeguarding
Navigation of Fishing Vessels

Abstract

In recent years, casualties of fishing vessels have often appeared in maritime ship collision
incidents, with the major causes being human error and unpredictable conditions. This study aims
to create a set of collision-avoidance measures for fishing vessels by way of time and space
management. It will propose a new safe collision-avoidance guarding ring for navigational safety
between fishing vessels and merchant ships, enabling fishing vessels to establish the dynamic state
of approaching operated ships. This study utilizes maximum relative speed and relative bearing
between fishing vessels and merchant ships as the reference value of space, and the escape time of
fishing vessels as the reference value of time. These three items are used as the linguistic input
variables of fuzzy control theory. Following a calculation, a safeguarding ring radius is obtained,
which is then shown on the platform of marine geographic information systems (GIS) in
accordance with the actual proportion. Following simulation analyses, a safe collision-avoidance
guarding mode for the operated fishing vessel is created. In addition, in order to further determine
the danger relationship for the collision of two ships, the area difference calculated through GIS is
used as the evaluation basis for a danger index for two ships. It is expected to promote the
collision-avoidance guarding capability of the operated fishing vessel effectively, improve the
safety of fishermen operating at sea, and reduce marine casualties for merchant ships and fishing
vessels.
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1. Introduction

Taiwan is surrounded by sea, the natural environment is remarkable and the long
coastline is made up of numerous coral reefs. On account of the abundant marine fisheries
resources, there is a large number of harbors and fishing vessels. Fishing has become the
most important economic activity and provides a livelihood for many people in Taiwan. In
order to promote the navigational safety and information transmission ability of maritime
transportation, the International Maritime Organization (IMO), International Association of
Lighthouse Authorities (IALA), International Telecommunications Union (ITU) and
International Electronic Committee (IEC) participated in setting up the equipment for the
Automatic Identification System (AIS). It was stipulated that CLASS A AIS should be
installed for ships over 300 tons, and CLASS A AIS should be installed for ships less than
300 tons. The Taiwanese government has not enforced the installation of CLASS B AIS on
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all fishing vessels because the small-scale fishing vessels do not have AIS transceiver
function. When such fishing vessels and merchant ships collide, merchant ships with AIS are
unable to provide the necessary collision-avoidance information to the crew of fishing vessels
effectively.

Marine casualties of fishing vessels are a regular occurrence. According to Article 2 of
the “Disasters Prevention and Protection Act”, “marine casualty” disasters are mainly dealt
with by government authorities. The “Enforcement Rules of Disasters Prevention and
Protection Act”, promulgated by the Ministry of Interior and the “Operation Plan for
Prevention and Protection of Marine Casualty”, promulgated by the Ministry of
Transportation and Communications, define marine casualty as the breakdown, foundering,
stranding, collision, fire, explosion, or leaking of a ship or other extraordinary accidents
associated with a ship, its crew or its passengers.

Ships include but are not limited to, cargo ships, passenger ships, fishing vessels, and
government ships. According to statistical data from the Ministry of Transportation and
Communications [1], the major causes for marine casualty of fishing vessels in Taiwan are
“mechanical breakdown”, “fire” and “collision”, which accounted for 81.2, 23.5 and 16.7
ships in the past six years, respectively. Among them, a serious accident of a “collision
between a cargo ship and fishing vessel” occurred off Keelung Islet, Taiwan on January 5,
2008 between the fishing vessel “Pacific Ocean 168, which was sailing around the Islet, and
the cargo ship “Country Rich Carrier”, which lay behind the Islet. Although the radars of both
ships were scanning the sea surface continuously, only Keelung Islet could be seen on the
screen. Unable to see each other until it was too late, the occurrence of a marine casualty was
unavoidable. Operating fishing vessels frequently drift at sea. If the on-watch crew of
merchant ships neglect to keep a good lookout, collisions can occur due to human error.

Collisions may not be the only accidents caused by merchant ships. They can also cause
fishing vessels to shed their nets or capsize. Fishing vessels and merchant ships differ in
many ways. When merchant ships approach fishing vessels, the resulting wake can affect the
operation of fishing vessels and can result in net shedding or capsizing. If fishing vessels are
unable to send out guarding messages in time, marine casualties will result. At present, the
safe collision-avoidance guarding mode for operating fishing vessels has not been created
domestically and there are very few domestic or international scholars researching this topic.
This study shows that it is necessary to create a safe collision-avoidance guarding mode for
fishing vessels. First, AIS receivers are employed to set safe collision-avoidance guarding
modes for operating fishing vessels. After it is stipulated by the law, CLASS B AIS can be
installed in order to improve the navigational safety of ships. The safe collision-avoidance
guarding mode for operating fishing vessels proposed by this study can be widely applied and
the marine casualty of fishing vessels will be greatly reduced for future statistical
investigations.

EMER SR EEFERRGENHT
AT Z EE R 2R

©2008 fiEX www.uni-edit.net Contact: ozy@uni-edit.net



WE

AR, FEMPIARESRESE b, WA AT IR, BRICIR N 2 4G T AN R S e ik 5
oo PRI, AW S — B Ak it i 22 4R B s B, R ey I I B ] 4 B R AR RE D)
N B A S R ) R EAT 2 A B ) 2 A TRERIE T s B, A A bt S 1 i
LM B, e AR . AR T R e - e R e KA T B R AR
BIS AL, G5 A A A0 L 0% AR S B S I (0] A I 1) 22548, DA = 304 AR 42 1 2
WHMAEEAE, S F)E, I gaBoRll iR, FESbr gl B e 2 B
RGr b, @l ZUOBAUITE, 8B P A A R . Si4h, T ik
B T AR TR O RERE S BE R, BT GIS PR S RIBLIZE I BE ST, A 20 M A ) & B b 1)
PREAK S o 0TS A RSB T b i 2 4B B S K RE D, B e I AR _EARMEIN R 22 4
LS00 e AU o o e A ol A A

S BORIELG. PRI AR, RAYRR . S

s W5

VSV, FARMEGOU, R/ kak, DU A %A, 20E &
(KRR BRI B 22, AL B UR Eh £ VS M X B (K 42 BRI Bl A R AR
PNk NPRTHEVEIZMINAT %4, BRI FHALRAMO). EER B4 JALA). [
B LR BC R (ITU) I B o 22 DL (IEC) S, LIRS 550 B 2h 00 R G (ATS) 1 15 7% 1l
S, DAPESIN AT e 4 o fs WAL IR R 77, ELILRE 300 WA DL_E AR 772 158 CLASS A;
300 W7 LA N 3E18 CLASS Bo 45 B U v A s il HEsh i il B 753% & CLASS B, /)
R JC AIS WORMLIN Shae, H 4 M S iy AEREREny, 361 AIS MM ik
BRI A IEERL (5 S S AT N DL, 3 Rl vt A X Al k2 kA

—HLK, ViSO A, AREIRE TUACERTROE] AR T
M IR EBUFHLOC E PRI SR K F L —, 2 TREBOFEEPO T ] e
N, AR WBGR BT RATIIAT TR FEBTRGEATAN] ], DA AR [ K FH B8 |
Prflir iy [ExEICHE DRl B SO - MR A b . ik Haik.
MERE. ook BEAE, MHRECLE A ICNAN. MY O3 B M I R 5 i

T IR UEHERTI J I RIS BT 2 vy, A MANAE S . g i
W THEE 7R [Error! Reference source not found.], F& [ v i xE i foh, [HL2SK
Bl TRk Je TR ] #1004 = R, T /NP5 SR s sl h 81.2. 23.5 &
16.7 #. Hrr, 2008 4 01 H 05 HAAEALE G IEREIGHEEN) [ hrfefia it ] X E K
i, FEIRE R [P 168 5 | BT ARG, mbise [HE S| 13
B J T, PO TR IS BTG, (E2 RIS Y sem, b EACE BISERENS, Joikd
P REIREE, SFRRINT7, RO, WEXEFS O e . Y RN AR,
AL Lyt i A AR B R AT A BN 53 R B ST VR b, 13 e A
Tl A e = ) R AR, B 2 T R SRE v A S AT VR SR AN RIS 0, 385 TGV 0 I AR
N Uy

O FIHIREXEAN AT 70 M T 348 s FA) A A2 S 40, P oxe A0 o o o it 2 3 RS2 i 4 1)
i S SR EEN e S B e e L PO N L S0 WP B & P W& Ay %4
At BT b7 AR IR T S ML AUAT P AR, 5 d P 2 B A M v 3 R A % I
9, ELUA A B oA TG N e s, BUA A F U A P S 2 tH AN ST o i T HAT IR A
AT STAE Y i 22 A B s R, A AR BUE 2 AR D, P, R

©2008 fiEX www.uni-edit.net Contact: ozy@uni-edit.net



WFFOA AT T % A BRI SR 2 . AWFTUE L AIS B LR Al Hh i
fi sz At mll B AR, AR R, R AR B R WM CLASS B, $2THMHTAINUAT %
G, R EACHIEGU T B ARk rp v i 22 s il B A, BA iz as e i s, i
AAKAE MG HEF MO AR Gevt b, R = R 8 K B AIC.

©2008 fiEX www.uni-edit.net Contact: ozy@uni-edit.net



