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Abstract : The International Maritime Organization (IMO) is promoting the introduction of e-Navigation that prevents maritime accidents by fusion of

Information & Communication Technology (ICT) with ship operation technology. In Korea, Korean e-Navigation is also being developed for fishing

vessels and small vessels sailing offshore, which are vulnerable to maritime accidents. However, for the successful development of Korean e-Navigation,

it is necessary to develop an indicator that can evaluate the development performance so that the development performance that has been progressed so

far

can be evaluated and the development direction can be re-established. Therefore, this study attempted to develop an evaluation index tailored to the

development goal of e-Navigation service centering on the collision accident, which is a major maritime accident. In this study, a collision accident

evaluation index for e-Navigation service was developed by deriving and quantifying the root cause of maritime collision accidents using Root cause

analysis(RCA) and fault tree analysis (FTA) techniques. This indicator is considered to be helpful in reducing maritime accidents as it is used as a

development indicator for e-Navigation and an indicator for maritime collision accident analysis.

Key Words : e-Navigation, Maritime collision accident, RCA, FTA, Evaluation indicator

it

1. M B Y3}, m& ok s AgwEAT] BYAD] WA F7b
st glom, o8 Ads] A% A7A, FAH A

AA R BRE AU ge i oot 1y T R ZIENEel elelxa ik
Sahald Wal a0 we MEake] =gl Aule] 1) 47k Agieirdo] mEdtell whe AREQIE H(IoT), HulolH,

A%, 2= AR UESA 71eE0] Aol Y

*

+

ol A Al gakehar 1 WAL A A3} /%] A%

Fej WskA17] 3 THOh, 2018). 0l2] @ Wake] Tl
o) L PSR ANOR ANFFAN NS A% B N . y o e
Navigation A}51s] A28 o} e MO Al slaper  MOCTAISI7IT: Intermational Maritime Organization) = &1
ST AA 7Y AT A F dHFolh Abal oS- 913 A81x} MSC(3IAFSHA 9]¢ 3] (Maritime Safety

First Author : zlwmzks@gmail.com
Corresponding Author : sirius46@daum.net

e o o

-1 -



R LR

fo

Committee)ol| 4] A 8}--87] <ol ICT(Information & Communication
Technology)7]1 % °] %% e-Navigations =% ZeAS dAF
3k 2™, 2015%d e-Navigation ©] YA &S 4~ 5 THSim et
al,, 2010).

olf gt Al EFe WEFo] Il % 20161 %
F-E] 20203 7b4]  "3=-8 e-Navigation AJH|AE 9|3 4]
7% AT, AFdS Aldstar Atk 338 e-Navigation
A IMOCI A AlAISh= S AL oS 91§ ICT 7]
Aake] Jds Eestar glom, AA Aute] oF 80%E A
Aeta i oA 2 Agkaubel] S35ty Fu|el Au|AE
sk ATHAn, 2015).
53] 318 eNavigation AtY S =& Adte] divp& =}
s o MAbare] A7k 918 A5 A A5 JEstar &
4 MESA JIZeE 53to] ECDIS &3 &2 dAtale
2 AAHR Mu|2~E GA 8T 5 e o E ek A
Hholl e-Navigation RS R3] s dAtas A ztstaat
St B E 7FA 3 JUSim et al., 2010). L} S| FALI
AEge] G R s AAR FRlsr] s AA
e-Navigation 1| ] 83} o] & st A|7te] Frx o=
285%™, 43 eNavigation®] 7LTANA Hast A
de] g RE wetr] of g ste] 9 AR WA
Ao A7 EA gt

et FARAL Azholek= e d e-Navigation AHSY €]
AAER PR E AESI L &5 AN S AF
al7] flsliA = WA o] & FAsta Bt F e ARE N
Wah= Zlo] Aasith B AFAe Maad
AMAl=E 918k AV AT AR &
ARl 4s Hdl et sFAbaLe FEUL
e-Navigation A1 H] 2= 9] & Falar whAY #7237 ¢
FryetaAl skolom, 1 dFto R Fa S YA}

9l FEAlarol| 3 eNavigation H7HAF 5 7| dslSich

X

ol

2. O|EX W4

ol
=

o T8
:‘L; 2 o,
Ach

o

fo i
~

>,

K

T

ofy

o

2,

o
o2

o

0,

2

>,

<

ro,

=

o

o

0,

o

N

>,

4,

2 M ol
N, off
<
O)J
=
ofy
o
tilo
i
S
ol
=
v
(i
2
123
B
4o
v
ﬁ

o

o N2
X 2
lr d&,

o
17
I,
o

T B
S
17
z 1o
£
op H
ml.ﬁ NZe)
o
>
2
ol

1o,
ol
o
R
2
(o

R
S

'OEZHL

H
>~
R
K
ol

hu o hUoofl M o
u oy
%0, 2o ©
X
':LFE
5
fr
J
i
o
S
")
o)
v
o
ox

off oy i o2
to 2

. o 2 R
i rlr
ot
ol

0 o
{0 ol-ﬂ
(O o Ho o

1o,
¢}

o
32
°

o
ol
=2
>
)
29
=z
€
hini
v
ols
ol
&
i)
o,
e
>~
ol
F [
o

2.2 222I0I2M (RCA; Root Cause Analysis)
EUJABARCAT 9, &3, A5, o5 T Ugs

=]

=)

oA e o g ojw Abdlo] HRA =X
&

o
0%
ot
o
o
i)
>~
fes)
rlr
N
do
oo
0%
oldk
1o,
2L
i)
tilo
2
ol
ols
ol
N
9 H

Rl
=
1°)
2
re
o,
rO
fz
: £
> 1
Y
IS

< WAAIA w ol LS
Ak =24 Ao
RCA®] HAbe= AME-5 & I 22 ] B4l wet o
ShAl &= a1 It} RCA Al tish AadT+E A
o3 2o v=o] o] FQJAE A X (The Joint Commission)
o iz ojm] WAIF Abal AF3H(Centinel event)o]L} FARAL 4

[~y

AN

ot o
il
N
)
o
;5
a
=3
[\
=
~

ol g AR At RAH AL Avin] )

RCA EAE 21HAIR Yro] AA|star Uti(Table 1). 3l
A M= A RCA FHIEA], A3 ghof, 2 lst
of, W& 913 daAAE B APAE A 4dA 2 2
stal 9lom, RCAE A Alsh= 229 st utA] 243}y
AREE ok HAISEAL A TH(Lee et al., 2017).

o2 wa F718kehd Al E] o A (National Center for
Patient Safety, NCPS)©= &3 °|X| & -3 RCAZ 93 A4
A" AEE AFsta Joh. 53] NCPSe] A2 HE
Aol sl b 7R EE Fofshs W o R A H T,
A Axs FEF toe 1
statement)= 2Hd & Zl
HQ ZREFNAE ARIRAPAA,
A=m7A, AAAdy] 244, cDPER]l, 71e 8]l ERl, Har
F A A AGAEY Yo THAIE A AISHAL itk
9] AL E2] E(Incident Analysis Framework)oll A=
A& 9l b ZA A 4 (incident decision tree)

ol
l

4 1
o
rir
X

b

Rl
i)
tlo
]
oo
Q‘L
2

-2 -



e-Navigation A H| =& $]3h

A Aol el A5FA 7 E(accountability review) EE Al
228 7] X (system improvement review)s ZGslE=F &
Ak s AFeA= AE GAll g kg TEa
= x}/ﬂg],—; o]otu] Hx]-/ﬂ_r_r_ 0:13]:0 1:!] ]% °§ 1:_111
of tigh wielF e, e glas, ARt l 71%2i Al
A 7S AdeE = A st ok o
T (ImSAFER)= AFal A, 7)<t 424, %‘f\l, %7}91 7
AR 50 ATHLee et al, 2017).

Table 1. for root of The Joint

Process cause analysis

Commission (Parker, 2015)

0 olE oA, AR, HEHoR RS An A0
A ES FED 7 Av 7R AU F2
285 7] H o tH(Kim and Na, 2017)

FTA 7€ AaAbdolehs Al 2 Als) 4804 %
ol AVl o ol Lirol A 4 gl A 4
ANA Ao BAEE 7|H oz Al 58 A
S Zgetel Al el A7l §a) AbaLe] F2} AL
WAL A QI ANES A 592 b A,
@ Al wle] 918 4 Aajel EAZ NS 2

=
438 b Check listE ¥H5 4 ATHKim and Na, 2017).
FTAS] B4 - x}= AAFARA} (Top event) o] AA, A 9

1 717, FT Diagrame 2174, FT 43}, Abd A 919174 &
Cartegory | level Contents N B B
- — 7kl MR AgH, 72 o2 FTAS ZFAPE 89l
. ganize a team
Preparing for ALAFO. olE O|EE AlL7F FA|SHA 7
root cause 2 Define the problem ]’o = And 7ﬂ ]—‘Q} Or ] ] ]— 01—0:] ]O]—;q ]—
analysis 3 Study the problem Table 29} 71—0] O:]E1 0] L:E] 7]_5; o= %\«Xé 7]_23 3?’2‘_9_
4 Determine what happened dlo] A|AES U Audta 1+ A 58S ¢ ]E]—(Klm
5 Identify contributing process factors and Na, 2017)
Detenmnlng 6 Identify other contributing factors
proximate
causes 7 Measure-collect and assess data on proximate and Table 2. I_ogic symbol of FTA
underlying causes
8 Design and implement immediate changes Simbol Name Contents
. 9 Identify which systems are involved-the root causes |:| Intermediate | Error events that occur as a result of
Identifying 10 Prune the list of root causes event logical combinations with other events
root causes
11 Confirm root causes and consider their interrelationships . Basic initialization errors that require
Basic event further devel "
12 Explore and identify risk reduction strategies no further developmen
13 Formulate improvement avtions External | Events that are generally expected to
14 Evaluate proposed improvement avtions event oceur
Designing .
and 15 Design improvements B
. . Events no longer being developed or
implementing | 16 Ensure acceptability of the action plan @ Undeveloped  evailable dus {0 insufficient resnls
an
action plan 17 Implement the improvement plan cvent or information
. for 18 | Develop measures of effectiveness and ensure their success .
improvement AND Gate Crossover calculation of events
19 Evaluate implementation of improvement efforts
20 Take additional action . .
Or Gate The union operation of event
21 Communicate the results
B AFol e a4 FEAL tg o 291E AnjAe FTAS] /Ao MAEES 12 7P 92 W, And9} Or
A ABARH AEEL] ARAo] A FEALE  ACIES] ALE P o (Boolean Algebra)E ek,
= = = SLTL=] o) i = Sl
FARAL Aoetn Rl 1 Adetn Bus & O A @ gos AANEe Pk ¥
o] g HaS gPon, A¢e B FEA Y] & THIES = =S AMgse] xddta, 1 g
AR MRS £Ea) Aol AAANG A B FE L ANAS BEFe] AWAAHES AT PHE 9
SAE A3 39 o] RCAE A AEHAH gtk & Eo] A BALES A AFAE 2
AeES B, CZ 7HEAS W, And Al ER Aol o
o . o _
2.3 Z&4 24 (Fault Tree Analysis, FTA) AR A A=BxCcE ALHE 5 dom, O AlelER AT}
AzEle RIEg ez BAss wetde) w  Abgel ddse] 98 S A=(BxO-(BrOZ AL
ol FTA 7|¥& A28 obAlFate] giuAel o an o & AFoAE =3 eNavigation AH]2=9] /g aE o
A= Al oAb Evenydt Abare] gele] Hi= 2R JhElY] 9le] SRUARMS Ba ©EHE SAFEALmLe
AAAT, oF 5o WAZ =V1ET Feael AAs  AVES FTA 7182 Bestel AFsetuzt sk



A5 .

|=aNe)

3. iy SSAL FHIXIE N

§
g FEATL APE, A A9 LU o)F 3
8 sh= ol 1 Bajo] gtk o 919 vhd AP
F 53 al% FEAus] 2R w4 902 =33
0|5 4a} oho] oNavigation 27} FEAIT WAL
F oW RS AR AT Aol 71T
=AE Prrsast vk

ol F ATEHS G Ao WA NPT A=
shperan el e AAA ] EANEE FH
FEAR WY ARG JxE EEAAT geo

ikt
>
=l
=2

= m{){‘
)
r
e
o
ro,
tlo

S}tk RCA 42 913) o 291E ArjHe] 229
N mRA A ZRAAEA FH), - A e}, 2
9 siete] 3ukA WS F&3te] AW o F =
FEAL 2R ARBAE FTA 78S B8l
Asta, AL AAAE BES] JUE BHS F

o] & A3} slo] 3+ e-Navigation Y FEA}

EE Aatec

R
ol
N

3.2 YA Q2 BER/AA HE

2]
qlol glem, IMO AR ES] =] o] W7hA= 71714,

o
L
=
iliea
QL
L
o

1o
Lot
gﬂ
k1

e rfe

-

w4

o

Aot

thoaM 7ol A= Abare] fdRls Q17HE QgL 7IAA &
o

d, 48744 29, ¥4 &

[
(o
fru
1z
M
ot
P
2
=]
e

3 THA A RN = YA ANE AA &
& A, eI, ASET 2 AT, Ve A W R U
2 Fal ATHKim et al, 2011). 37k4] ARl R T &3
AL EYREH 4] A S AL e FEfel
o dEE AEY] ENER, A8 IR AR, WHars,
ol SHAFE &AF T3 e 1271A Yolow EFaEtal gk
9l ZIAA Ash Bl AAAT ddd A HEEE 9
Agow Rt gom, 7es 71gEelu S
2 Ao A B At 55 SR oA e ddlew £
o] Tkl ekl gty ofEe kgl Ak
2 o g8l ®Rska vt
B HEF R ANME AMEAraLe] Al AA wE-FAEH
A &9l Al AdH el AAA a1l a7k R EFat
B 1 TKKim and Na, 2017). ¢1% 2918 &3 A 4 3k71#) 2]
9 A A FejAAzte] AAFE 1379 dRlo R
¥ EFekL dom, AdA g9l A dF =, 3
W Y, AAER S EA 2cle g, wE-sAH 2l vl
g g #Hy 3802, AA% 8902 Muks )
2 A &atE ALY Y BES Andder BRa)
i ek

=] e dAta AAEFA

X

|= &9 ATSB(Australian

Transportation Safety Bureau)i= 3 YAII1] 1S AF3kQl 4],

gozi 714, B44, ade el A, AANLFH, A eF Do) s WFR T

3} 3lal Qth(Baker and Seah, 2004; Kim et al., 2011041 2 21-&).

A=A 290 U3 2AF F2 o]F 3 312 UHKim and Na, %= 9] MAIB(Marine Accident Investigation Board)ol| A& 3
2017). 1} Auk Aoj g 2 £8 Bz g S| wakyl AL USRI, v, A7, ARIH R, A
Aupd Aol ez Qs 7713843 99l x4 /] LF ¢ AFoE RS o, dA R ddE Al

%
3 o] ool How, T n

i
o
)
fo
o
<
o
o

>
>,

23} dto] B sl 9 th(Baker et al., 2004; Kim et al., 201101

o) MAAFIE Frkska Ak EE lgatae] wae A ALE).

wegh gQlo] ofs)] WA A% AN e adE ol#] g A= E3H3k Kim et al.(2011)0] W= | FALLL

o] Batdol Aaztgo o] wAE Alare] mld) How, o A5 AAFAHe] AAEHE Bl Eo] FaL e adld 9

BaAel glelacle] Ao oAl el 29ls Atold] 1 7 AR RbEAH 0w WA s 54 o] yEhdth B3 IMO

B S FAdsto] wrk AEe sfdatae] del B4 vz BARREE WIRE Ao w9 Are e A8kl 9

ow gy g Abare] Aol 23S ghaal Qlvk webA AlaE 24
AbaE BAElE wpio g Mul ggy) Ax So  F wf X8RS FAHOE FIAAE EFT oVt o

= A ©
- L A | [<]
AR AREA e SEEE M HEH A F National  Th AWALE AN AH 21 204 P9, wlae

R84 hl
Transprotation Safety Board, NTSB)®] 4M 7]%¥ o] 2thKim et A B9, ¥4 489, 844 8oz 758 &+

)<l A
al, 2011). 4M 718 Aall7h B DG ), AP zARe} )M, AL SHTH(Kim et al., 2011).
-

S vhshs] s ARgshs
g5 #4347 A Abash Bl
= ANBIL ARPAE Aol o] AAS sl

o AE

3} 2=

ATt

= =ul-9] s gFatar AQ BFAAE FE B, B A

o AR WYAIE 2B

@ AHelT FAHL AL QAL ] A
Z S|



e-Navigation A H] =& $] 3k

A alel gt £A o] otk A& =EHY.
TE ARLE B4 A SE3AAS B 5 e A
Al =53 F et Advks HAS AAMSHL
338 SEAL ZE2HAUEY

3 FEAFLY] FEAJMEARCAS Fal WA 2
EA FHIE AAIEEITE RCAS 1Al A = 3l alE 2t
A A7 109102 48 TFES 7 s8kal vhFsh s it
i T AEFEAILE ATHAR dAsislen, s
Abarel o Adlel BEE FuAng FHselh v 2d
Al M=l FEAkL A FxsE S8 WA AR
%% o %t 2] (International Regulations for Preventing Collisions

at Sea, COLREGs)S 7]¥HO.2 S| pAL T Q184 we e
g shar, 20043 5-E 20143714 S| FAaL A AA A
=3 *ﬂ“r Ta/\h_ DS AT o] F 37 A
APt ARS Folg Ba) AR FEARY AAL

=22 0L VFo g AAPAS
Sl

o
=
o
=
A
R
4

Failure of

Pre-safety maintain

early action

unrelated

management

to avoid
(2~6mile)

measures

(Within

Tmile

situations
(6mile)

failures

Fig. 1. Collision Accident Time Series Process.
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Table 3. Example of sub-factor definition

Name Definition
Pre-safety . . .
Inadequate planning and unsystematic inspection to
management .
. prevent accidents before departure.
failures
Failure to
maintain Situation in which two vessels under sail enter within 6
unrelated miles of reciprocal clock navigation
situations
. Situation before the minimum distance of 1 to 2 miles
Failure of . .
. from other ships that can take measures to be avoided
early action . . e . .
to avoid early after entering the distance within 6 miles to which
the mutual clock navigation is applied
Failure of T . . . .
A situation in which a collision may occur if two ships
best e . .
. approach within 1-2 miles and the two ships do not take
cooperative . .
the best cooperative measures at the same time.
measures

Non-arrangement of qualified sailors
> Inadequate manpower management
Inadequate ship operating system

Ship maintenance not performed
| Presatety failur

No device installed | Inadequate ship

Hull and siructural defects |

Inadequate cargo and passenger management

Inadequate sailng management |
International waters

Namows

\ ( colision )
Traffic separation zone | <
| Seasrea -
Port .

Route designation |
e | situation
\ Taon

Anchorage ~_Failure to maintain unrelated situations /

Bad weather |
. Loss of maneuverability |
Ship squipment faiure | |

Violation af other navigation regulations | |
—————————————— Violation of navigation regulations
Violation of ishing requlations  j————————————————

Theothers  Action

Fig. 2. Classification of direct causes of crash accidents (Part 1).

Overtaking situation
[ Encountered situation

Mutual wateh | ——————————

Situation 4 Grossing situation

\_ Responsibilty for evacuation between ships

| Limited Waten

Observation failure using visual and auditory

Failure of eariy action to avoid | Guard negligence

[ Radar obsenvation filure

Failure to judge risk (failure in systematic observation)

_ Action | Mistake | Failure to judge the operation of the other ship (failed to interpret isk information)

\_ Failure to judge the course of the own ship

Voice communication failure

Colision ) \ ailure
N ~———————{__ Otner signals not implemented

No colision avaidance coaperative action

Situation | inadequate collision avoidance cooperative action

\_ delayed collision avoidance cooperative action

Observation failure using visual and auditory
Guard negligence —— —————
| —————{_ Radar obsenation filure
_ Failure ofbest cooperative measures —
—— Failure to judge risk (failure in systematic observation)

\_Action | Mistake | Failure to judge the operation ofthe other ship (filed to interpret risk information)

\_ Failure to judge the course ofthe own ship

Voice communication failure

failure
{__Other signals not implem onted

Fig. 3. Classification of direct causes of crash accidents (Part 2).
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| Sea area | | Visibility | | Operational error |

b

General sea area
Narrow channel
Traffic saparation zone
Inside the port
Designated route
Anchorage
Mutual visibility
Limited visibility
No collision avoidance
cooperative action
Inadequate collision
avoidance cooperative
action
Delayed collision
avoidance cooperative
action

Fig. 4. Collision Accident FTA Model 1st Classification.

General sea area

Traffic obstruction for general ships

Passage right outer edge leaving

Anchored in the waterway

Acoustic signal not implemented in the bend, etc.

Crossing that obstructs the progress of other ships

Lights and shapes not displayed

Etc.

Crossing the oblique route during the route

e d|

Sailingin the reverse direction

Sailing into passage separation zones

Traffic Sailing close to passage separation zones

separation Anchoring near the end of the course

sea area Join the course at a large angle

To deviate from the course at a large angle

Traffic obstruction for general ships on the route

Lights and shapes not displayed

Etc.

Anchored inside the waterway

Obstruction of passage of vessels on waterways

Violation of the towing method of tugboat

Violation of the protruding portion sailing regulations

Violation of safety speed

Inside the port g}

| Ships entering and exiting did not burden the ships passing through

Non-compliance with breakwater navigation

Sail to the left of the waterway

Overtaking on the waterway

Sailing in parallel on the waterway

Lights and shapes not displayed

Violation of the designated waterway

Designated ) .
< Qil tanker safe course violation

route

Fig. 5. Classification of sea areas among the crash accident FTA

Lights and shapes not displayed

Etc.

models.

e 4 NE s Ho A B 4 = COLREGs 9
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Obstruction of the course of an overtaken ship
Incomplete overtaking
) Choosing an improper passing direction
Overtaking  [\O No signal
ship Unsafe conducting distance

Not considering the expected behavior of overtaken ship

Overtaking situation [(& -
te

No signal

Overtaken & Course and speed not maintained
ship

Etc.

Burden to the left Veering

Delayed burden action

Encountered Veering toa small angle

situation

Veering several times

Etc.

Course and speed not maintained

Insufficient cooperative action

No cooperative operation

Veering towards port ship
Etc.

Crossing towards bow of stand-on vessel

Small burdened action

give-way-
vessel Delayed burden timing

Veering several times

etc.

Notavoiding vessel constrained by the draught

Not avoiding out of control vessel

or Notavoiding Fishing vessel

burdened between ships

Notavoidingsailboat

Not avoiding vessel restricted in capabilityto Maneuver

Etc.

— Nofog signal

Non-compliance with safety speed

Institutional use preparation not implemented

Do notuse radar

Limited visibility

OR
=2

Port side veering during avoidance

Veering towards the rear ship

Late burden measures

Fig. 6. Classification of visibility among FTA models of crash

accidents.

Uncontrollable factor

Unsafe ship condition a

Managerial factor

Operational error

Violation of regulations

Human factor % ‘ Guard negligence

Mistake

Fig. 7. Classification of operation error factors.

Heavy weather, Typhoon

Tide race

Strong wind
A thick fog

Ship control equipment failure

| Uncontrollable factor a

Dragging anchor

Fig. 8. Classification of uncontrollable factors.

Crew of an unqualified sailor |

Non-arrangement of A
qualified sailors J

Not recruiting qualified sailors |

Improper
manpower
management

No safety culture

Poor working conditions

Poor communication in vessel

Lack of legal education

No navigation equipment installed |

No communication equipment installed _|

No maintenance of navigation equipment

Ship maintenance not
performed

No maintenance of machinery equipment

No hull maintenance

Manageral factor | 2 ship
Z|| management

Design failure

Hull and structural defects

G Excessive hull modifications

Excessive hull trim

Improper cargo arrangement

Overload
Improper cargo | b~ Poor fixation
and passenger (<& -
management Overload in front of the bridge

Cargo hold water tightness not secured

Boarding excessive personnel

Not understanding course information

Not understanding weather information

Improper sailing
management

shipping instructions
Etc.

Fig. 9. Classification of management factors.

Violation of other navigation regulations

Violation of a
regulations | Violation of fishing regulations

& Guard negligence K“O‘(

Visual and auditory observation failure " Personal factor

Human factor

Personal factor

| Communication failure
Personal factor
Failure to judge the motion of the 'l Communication failure

opponent Personal factor

off ¢ tion fail
Inability to judge the course of own ship K<Z(
ersonal factor

Fig. 10. Classification of human factors.

Radar observation failure

A@

b
AND

Failure to judge risk

AND

— Task other then watchkeeping

— Biased watchkeeping

Fatigue, drowsiness

| Personal factor (% Alcohol, drugs

[

Mannerism

—| Lack of knowledge, skills and experience
Etc.

Fig. 11. Classification of personal factors.
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Table 4. Analysis result of sea area

Factor Frequency Per((:oe/zl)tage
General sea area 573 74.80
Narrow channel 58 7.57
Traffic obstruction for general ships 9 1.17
Passage right outer edge leaving 8 1.04
Anchored in the course 0 0.00
Acoustic signal not implemented in the 3 039
bend, etc.
Crossing that 0bstruct§ the progress of other 1 144
ships
Lights and shapes not displayed 1 0.13
Etc. 26 3.39
Traffic separation sea area 15 1.96
Crossing the oblique route during the course 3 0.39
Sailing in the reverse direction 2 0.26
Sailing into passage separation zones 0 0.00
Sailing close to passage separation zones 1 0.13
Anchoring near the end of the course 0 0.00
Join the course at a large angle 0 0.00
To deviate from the course at a large angle 0 0.00
Traffic obstruction for general ships on the 2 026
course
Lights and shapes not displayed 1 0.13
Etc. 6 0.78
Inside the port 80 10.44
Anchored inside the waterway 3 0.39
Obstruction ofN siiiif;SOf vessels on 29 379
Violation of the towing method of tugboat 2 0.26
Violation of the protru'ding portion sailing 0 0.00
regulations
Violation of safety speed 7 091
Non-compliance with breakwater navigation 11 1.44
Ships entering'and exi'ting did not burden 3 039
the ships passing through.
Sail to the left of the waterway 3 0.39
Overtaking on the waterway 3 0.39
Sailing in parallel on the waterway 0 0.00
Lights and shapes not displayed 0 0.00
Etc. 19 248
Designated route 9 1.17
Violation of the designated route 2 0.26
Oil tanker safe course violation 0 0.00
Lights and shapes not displayed 0 0.00
Etc. 7 091
Anchorage 31 4.05
Sea area 766 100
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Table 5. Analysis result of visibility Table 6. Analysis result of No collision avoidance cooperative
action
Percentage
Factor Frequency %)
- Fact F Percentage
Mutual visibility 606 79.11 actor requency (%)
Overtaking Situation 34 444 Unsafe ship condition 74 9.66
Overtaking ship 1 418 Uncontrollable factor 40 522
K Heavy weather, Typhoon 1 0.13
Obstruction of the course of an .
. 7 0.91 Tide race 4 0.52
overtaken ship
P ) . 5 026 Strong wind 3 0.39
ncomplete overtaking . A thick fog 12 418
Choosing an improper passing direction 7 091 Ship control equipment failure 0 0.00
No signal 2 0.26 Dragging anchor 0 0.00
Unsafe conducting distance 1 0.13 Managerial factor 44 5.74
Not considering the expected behavior Improper manpower management 26 3.39
of overtaken ship 4 0.52 Non-arrangement of qualified sailors 18 2.35
otc 9 117 Crew of an unqualified sailor 6 0.78
overtaken ship 2 026 Not 'recruiti'ng qualif"led sailors 12 1.57
- Inappropriate ship operating system 8 1.04
No signal 0 0.00 No safety culture 6 0.78
Course and speed not maintained 1 0.13 Poor working conditions 0 0.00
etc. 1 0.13 Poor communication in vessel 2 0.26
Encountered situation 112 14.62 Lack of legal education 0 0.00
Burden to the left Veering 15 1.96 Inadequate ship management 13 1.70
Delayed burden action 37 1136 Required 'equ'lpment 'not mst'alled 3 0.39
- No navigation equipment installed 2 0.26
Veering to a small angle 2 0.26 - -
No communication equipment 1 0.13
Veering several times 2 0.26 installed :
etc. 6 0.78 Ship maintenance not performed 7 0.91
Crossing situation 201 26.24 No maintenance of navigation 4 0.52
. " .
Stand-on vessel 22 2.87 - equpTer -
No maintenance of machinery
Course and speed not maintained 0 0.00 equipment 2 0.26
Insufficient cooperative action 3 0.39 No hull maintenance 1 0.13
No cooperative operation 13 1.70 Hull and structural defects 3 0.39
Veering towards port ship 1 0.13 Design failure 2 0.26
elc 5 0.65 Excessive hull modifications 0 0.00
P 1 17 ) Excessive hull trim 1 0.13
: ive-way vesse . o, 0 0.00
Crossing towards bow of stand-on vessel 40 522 Tmproper cargo and passenger management 3 0.39
Small burdened action 3 0.39 Improper cargo arrangement 2 0.26
Delayed burden timing 104 13.58 Overload 0 0.00
Veering several times 2 0.26 Poor fixation 0 0.00
etc. 30 392 Overload in front of the bridge 1 0.13
C hold water tight t d 0 0.00
Responsibility for burdened between ships 259 33.81 Ag0 1o 'W i 1g' 11css ot seeure
— - Boarding excessive personnel 0 0.00
Not avoiding vessel constrained by the —
draught 78 10.18 Improper sailing management 3 0.39
Not avoiding out of control vessel 26 3.39 Not undemtmélng course 1f1f0rmat1fm ! 0.13
——— . 1 158 Not understanding weather information 0 0.00
Not avoiding fishing vesse 1 14 Inappropriate shipping instructions 0 0.00
Not avoiding sailboat 1 0.13 Etc. 2 0.26
Not avoiding vessel restricted in capability ) 418 Human factor 352 46
to Maneuver Violation of regulations 15 1.96
efe. 8 1.04 Violation of other navigation regulations 12 1.57
Limited visibility 160 20.888 Violation of fishing regulations 3 0.39
No fog signal 50 6.53 Guard negligence 281 36.7
Non-compliance with safety speed 68 8.88 Visual and auditory observation failure 245 32
Institutional use preparation not implemented 1 0.13 Task (?ther then Watch'keeping 149 19.5
Do not use radar 9 1.17 Blas'ed Watchkeépmg 2 3
- - - - Fatigue, drowsiness 51 6.66
Port side veering during avoidance 6 0.78 Alcohol, drugs 0 0
Veering towards the rear ship 0 0.00 etc. 22 287
Late burden measures 26 3.39 Radar observation failure 36 4.7
Visibility 766 100 Task other then watchkeeping 14 1.83
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Fatigue, drowsiness 1 0.13 equipment
Alcohol, drugs 0 0 No hull maintenance 0 0.00
Do not use radar 6 0.78 Hull and structural defects 0 0.00
ete. 15 196 Design failure 0 0.00
Mistake 71 927 Excessive hull modifications 0 0.00
Failure to judge risk 35 4.57 Excessive hull trim 0 0.00
Communication failure 5 0.65 Etc. 0 0.00
Personal factor 35 457 Improper cargo and passenger management 0 0.00
Mannerism 19 2.48 Improper cargo arrangement 0 0.00
Alcohol, drugs ' 1 0.13 Overload 0 0.00
Lack of k';i;”;ﬁ‘iﬁ; skills and 1 0.13 Poor fixation 0 0.00
efc. 14 1.83 Overload in front of the bridge 0 0.00
Failure to judge the motion of the opponent 10 1.31 Cargo hold water tightness not secured 0 0.00
Communication failure 1 0.13 Boarding excessive personnel 0 0.00
Personal factor 10 131 Improper sailing management 2 0.26
Mannerism 5 0.65 Not understanding course information 1 0.13
Alcohol, drugs 0 0.00 Not understanding weather information 1 0.13
Lack of knowlédge, skills and 0 0.00 Inappropriate shipping instructions 0 0.00
experience Etc. 0 0.00
etc. 5 0.65 Human factor 88 11.49
Inability to judge the course of own ship 26 3.39 Violation of regulations 3 0.39
Communication failure 10 131 Violation of other navigation regulations 2 0.26
Personal factor 26 3.39 Violation of fishing regulations 1 0.13
Mannerism 7 091 Guard negligence 19 248
Alcohol, drugs 1 0.13 Visual and auditory observation failure 16 2.09
Lack of knowlédge, skills and 1 0.13 Task other then watchkeeping 12 1.57
cxpenienice Biased watchkeeping 1 0.13
etc. 17 222 - -
No collision avoidance cooperative action 352 45.95 Fatigue, drowsiness ! 0.13
Alcohol, drugs 0 0.00
etc. 2 0.26
Table 7. Analysis result of inadequate collision avoidance Radar observation failure 3 0.39
. . Task other then watchkeeping 1 0.13
cooperatlve action - -
Fatigue, drowsiness 0 0.00
Percentage Alcohol, drugs 0 0.00
Factor Frequency (%) Do not use radar 0 0.00
Unsafe ship condition 13 1.70 etc. 2 0.26
Uncontrollable factor 12 1.57 Mistake 69 9.01
Heavy weather, Typhoon 0 0.00 Failure to judge risk 20 2.61
Tide race 1 0.13 Communication failure 0 0.00
Strong wind 1 0.13 Personal factor 20 2.61
A thick fog 9 1.17 Mannerism 9 1.17
Ship control equipment failure 1 0.13 Alcohol, drugs 1 0.13
Dragging anchor 0 0.00 Lack of knowlnge, skills and ) 013
Managerial factor 3 0.39 experience
Improper manpower management 2 0.26 etc. 9 1.17
Non-arrangement of qualified sailors 2 0.26 Failure to judge the motion of the opponent 24 3.13
Crew of an unqualified sailor 0 0.00 Communication failure 1 0.13
Not recruiting qualified sailors 2 0.26 Personal factor 24 3.13
Inappropriate ship operating system 0 0.00 Mannerism 12 1.57
No safety culture 0 0.00 Alcohol, drugs 0 0.00
Poor working conditions 0 0.00 Lack of knowlnge, skills and P 0.26
Poor communication in vessel 0 0.00 expenence
Lack of legal education 0 0.00 ete. 10 131
Inadequate ship management 0 0.00 Inability to judge the course of own ship 25 3.26
Required equipment not installed 0 0.00 Communication failure 10 131
No navigation equipment installed 0 0.00 Personal fac'tor 6 0.78
No communication equipment 0 0.00 Mannerism 0 0.00
installed . Alcohol, drugs 0 0.00
Ship maintenance not performed 0 0.00 Lack of knowlnge, skills and 6 0.78
No maintenan@ of navigation 0 0.00 expenience
equipment etc. 13 1.70
No maintenance of machinery 0 0.00 Inadequate collision avoidance cooperative action 88 11.5

_10_
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Table 8. Analysis result of delayed collision avoidance cooperative

action
Factor Frequency Percentage
(%)
Unsafe ship condition 55 7.18
Uncontrollable factor 41 5.35
Heavy weather, Typhoon 2 0.26
Tide race 1 0.13
Strong wind 2 0.26
A thick fog 36 4.7
Ship control equipment failure 0 0
Dragging anchor 0 0
Managerial factor 15 1.96
Improper manpower management 4 0.52
Non-arrangement of qualified sailors 3 0.39
Crew of an unqualified sailor 0 0.00
Not recruiting qualified sailors 3 0.39
Inappropriate ship operating system 1 0.13
No safety culture 1 0.13
Poor working conditions 0 0.00
Poor communication in vessel 0 0.00
Lack of legal education 0 0.00
Inadequate ship management 6 0.78
Required equipment not installed 4 0.52
No navigation equipment installed 3 0.39
No communication equipment
installed ! 0.13
Ship maintenance not performed 1 0.13
No maintenan@ of navigation 1 013
equipment
No maintenance of machine
equipment Y 0 0.00
No hull maintenance 0 0.00
Hull and structural defects 1 0.13
Design failure 1 0.13
Excessive hull modifications 0 0.00
Excessive hull trim 0 0.00
Etc. 0 0.00
Improper cargo and passenger management 4 0.52
Improper cargo arrangement 1 0.13
Overload 0 0.00
Poor fixation 0 0.00
Overload in front of the bridge 3 0.39
Cargo hold water tightness not secured 0 0.00
Boarding excessive personnel 0 0.00
Improper sailing management 2 0.26
Not understanding course information 2 0.26
Not understanding weather information 0 0.00
Inappropriate shipping instructions 0 0.00
Etc. 0 0.00
Human factor 326 42.6
Violation of regulations 15 1.96
Violation of other navigation regulations 12 1.57
Violation of fishing regulations 3 0.39
Guard negligence 149 19.45
Visual and auditory observation failure 127 16.58
Task other then watchkeeping 87 11.36
Biased watchkeeping 20 2.61
Fatigue, drowsiness 7 0.91
Alcohol, drugs 0 0.00
etc. 13 1.70
Radar observation failure 22 2.87
Task other then watchkeeping 9 1.17

-1

FEAL B
Fatigue, drowsiness 0 0.00
Alcohol, drugs 0 0.00
Do not use radar 5 0.65
etc. 8 1.04
Mistake 177 23.1
Failure to judge risk 58 7.57
Communication failure 6 0.78
Personal factor 58 7.57
Mannerism 20 2.61
Alcohol, drugs 2 0.26
Lack of lmowlédge, skills and 2 026
experience
etc. 34 4.44
Failure to judge the motion of the opponent 55 7.18
Communication failure 8 1.04
Personal factor 55 7.18
Mannerism 22 2.87
Alcohol, drugs 0 0.00
Lack of lmowlédge, skills and 4 052
experience
etc. 29 3.79
Inability to judge the course of own ship 64 8.36
Communication failure 10 1.31
Personal factor 64 8.36
Mannerism 15 1.96
Alcohol, drugs 0 0.00
Lack of knowledge, skills and 1 0.13
experience )
etc. 48 6.27
Delayed collision avoidance cooperative action 326 42.56
4. B U =0
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