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The Development of the Ship Collision Risk Model
from the VISO' s Viewpoint

Lee, Jin Suk

Department of Navigation Science

The Graduate School of Korea Maritime and Ocean University

Abstract

According to KMST(Korea Maritime Safety Tribunal)'s marine accidents
statistics, 82.8% of the collision accidents occurred in the last 5
years(2010~2014) are caused by not observing the good seamanship, such
as maintaining a proper look-out, checking the ship’ s position and

course regularly.

Especially, most of the collision accidents that occurred during
this period in Korea are caused by OoW(Officers of Watch)s' human

errors.

In order to decrease these dangers of marine accidents and secure
the safety and efficiency of traffic for vessels, VIS(Vessel Traffic
Service) has been established all the countries around the world.
Fifteen(15) Port VISs and three(3) Coastal VISs are operational in

Korea.
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The VISO (Vessel Traffic Service Operator) monitors the vessels
through the VTS equipment and provides safety information to the ship

to prevent collision between vessels.

When VISO determine the degree of collision risk of two vessels,
they consider comprehensive information about each vessel’ s course,
speed, CPA(Closest Point of Approach), TCPA(Time to the Closest Point
of  Approach), and encounter situation, among many other

considerations.

In this study, we propose a utility function based on risk attitudes
of VISO about the Risk Index(RI) which be calculated with the risk of
encounter (%), the risk of time(Z;) and the risk of approach(4,;) for

two vessels to predict each ship’ s collision risks from the VTS

viewpoint .

First, we proposed an algorithm in which two relative bearings as
information about two vessel’ s encountering situation are used to

evaluate the risk of encounter(Z#;). In order to verify whether or not

the proposed algorithm 1s reasonable, we set up twenty encountering
situations and conducted a survey of collision risk on VISOs and OoWs
on those situations. By comparing the degrees of collision risk with
the proposed algorithm to the results of the survey, we found that
relative bearing at CPA is very important factor for VISO to recognize
the level of collision risk when two vessels are i1n encountering

situation.

And then, we surveyed the degree of risk of VISO in the spare time
for the ship with impending danger of collision by the questionnaire

and calculated the risk of time(7;). Thereafter, we obtained the ship

domain with minimum safe distance of the VISO converted to the length
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of the ship and calculated the risk of approach(14w) to move the

domains of each vessel at the point of CPA.

Additionally, we confirmed that there is a difference in perception
of risk according to individual VISO even in the same vessel crossing
situation. In order to reflect this, the Ship Collision Risk Model
(CoRi) associated with different VISO' s risk attitudes on the value
by calculating the RI was obtained by referring to the study which
calculated the utility according to the risk attitude of the decision

maker .

We obtained each coefficient of the RI and the risk attitude through
the survey of collision risks among VISOs of Korea. In order to verify
whether the proposed utility is reasonable, we validated by applying
the CoRi to some historical cases of accidents in Busan port along

with the Ship of ES value(Z£Sy) of ES(Environmental Stress) model.

KEY WORDS : VTSO; Ship Collision Risk; VIS viewpoint; Risk Index; Risk
attitude
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0 Book 298 &Z9o B} AT) : Yas IVIAEL Fig. 2.29F Zo] 24717
o] f@ddFA wheted AAPZH 7les Tk AF@ FE B FE=RIisk
Factor Rating Scale)E A . dE 5o 2 €& nlgo dgle] J&5d
2 1oA 9714 g F s "9 & ol &

b A

woke] mighol] Wit & FFE ol o] A=

Team 1 Team 2 Team 3 Sum
Frist Comparison 4x0.43=1.72  3x0.14=0.42  3x0.43=1.29  3.43
Second Comparison  7x0.43=3.01  5X0.14=0.70  6Xx0.43=2.58  6.29
Thrid Comparison 7x0.43=3.01 8x0.14=1.12  8x0.43=3.44  7.57

Grand Total : 17.29

12 7H8 45g gh(Value Aeolal 9= 714 943 zt(Value D)o =™, o]
el Aol 8o HAT}. o]E o] 83t uigre] gk 2 ke A4kt A=10,
B=1.0+(3.43/17.29*8)=2.59, C=2.59+(6.29/17.29*8)=5.50 a8
D=5.50+(7.57/17.29*8)=9.0 ©] =t} o]} o] 247} 4 ol dhsfiA 2+
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Team 1 Team 2 Team 3
Box Checked Third Second Third
Spreadsheet Entry 3 2 3
Risk Value C B C
Value Assigned 5.50 2.99 5.50
Team 1 Team 2 Team 3 Sum
Value Assigned 5.50 2.59 5.50
Expertise Score 0.43 0.14 0.43
Product 2.36 0.36 2.36 5.08
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o] mEe sldAmel A A, AL JbsAel tsted BT BE
B2} 72 4B 7 AR

Waterway Risk Model
Vessel Traffic Navigational Waterway Immediate Subsequent
Conditions Conditions Conditions Conditions Consequences Consequences
Deerp I_)raft Volume of ) Visibility Personns Health
Vessel Comumercial Winds Fic s Hiries and
Quality Traffic : ' J Safety
Shallow Draft Volume of
, . S Water i . Petroleum .
Vessel Small Craft Dimensions . Environmental
g Movement Discharge
Quality Traffic =
.C‘01.1]11181T'c1a1 Traffic Visibility Bottom Hazardlous Aquatic
ERRING NSl Mix Restrictions Type - Resources
Quality o ) ] o Release >
Bl C.‘raﬁ Congestion Obstructions Configuration Mobility Economic
Quality
Z X : Port and Waterways Safety Assessment Workshop Report, 2009

Fig. 2.2 Risk factors in PAWSA

2.1.2 H7} A3
PAWSAE o] &3t wv]= ®lAL~ Houston ¥ Galvestonol| thste] Hrisk 2

Be Aving, 1999 AL} dagd Fukshel 15e P4 Fig 2.2
S} o] 247k S1BF B hstel 2 1FWE Brhstel Fig 239 2ol A

Bk NEe TR
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Baseline Risk Levels
Vessel Traffic MNavigational Waterway Immediate Subsequent
Conditions Conditions Conditions Conditions Consequences Conseguences
Volume of S = ]
Deep Draft it - Visibility Personnel Health and
Vessel Quality Co¥rl:f|;ir§|al Wince Impediments Injuries Safety
Bl - B ° "~
Shallow Draft ST Water ; Petroleum
Small Craft Dimensions i Environmental
Vessel Quality Traffic Mowvement Discharge
5.0 4.3 4.2 i 9.0 53
c“;.'l‘:r‘ﬂ;i" Traffic Visibility Bottom “I::fefgg-l'f Aquatic
Vessel Quali B RS Ons Type Release Resources
7.0 3.4 2.7 8.7 6.9
s’g‘:!l; ;:I:l': i Congestion Obstructions Configuration Mobility Economic
4.6 6.9 5.0 84 8.5 9.0

=

Z£X : Port and Waterways Safety Assessment Workshop Report, 2009

Fig. 2.3 Baseline Risk Levels in PAWSA

Vessel Traffic Navigational Waterway Immediate Subsequent
Conditions Conditions Conditions Conditions Consequences Consequences
: Volume of o - )
Deep Draft Cormmiercial Winds \ﬁsii_:lnllity Per_sormei Health and
Vessel Quality 2 Impediments Injuries Safety
Traffic
4.0 2.6 8.7 4.6 31 2.1 7.5 5.0 7.3 4.6 8.7 5.6

Volume of

Shallow Draft Water - oo Petroleum o
Vessel Quality S“"l'::f‘f:[::a& M £ Dimensions Discharge Environmental
5.0 3.2 4.3 2.9 4.2 3.1 9.0 54 5.3 3.3
Maybe ] ) | | | 1 =
Cofmmecm Traffic Visibility Bottom Muran s Aquatic
Fishing Mix Restrictions Type Satecials Resources
Vessel Quality Release

8.4 6.7 7.0 5.1 3.4 2.4 2.7 19 8.7 5.6 6.9 3.8

s"&::.“c;. ﬁ Congestion Obstructions Configuration Mobility Economic
4.6 2.9 6.9 4.9 5.0 2.7 8.4 5.6 8.5 5.8 9.0 6.4

Maybe Maybe

Fig. 2.4 Mitigation Effectiveness in PAWSA
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| '‘Wealerway Changes |

4T

REstow: Bealt iy e Water R Petro - —

Vessel Quﬂr&r Sk Movement Disek
\Csordination ¢ Plenning EEEE o
23
Commercial
Fishing T:!EF
Vessel Guality Lol
Enforosm=ni Voduntary Tralning
E.3 AT

e

Congest

4 on
raiinaadicn § Planmin oordimabicn ! 7l
2.7 3.2

Configuration Mobility

aton | Pla dinabon § Planninig

Caution
Z£X : Port and Waterways Safety Assessment Workshop Report, 2009
Fig. 2.5 Additional Interventions in PAWSA
Table 2.1 Specific Actions in PAWSA

Risk Factor Strategy Specific Actions

Economic Coordination | sy, fiexivility for private  industry o resolve the  reduced
/Planning functionality required for their purposes and economic survival.

Coordination Develop plan to address a completely blocked channel -
Mobility Cooperative Business Continuity Plan; workflow and responsibilities

/Planning

required for contingencies such as Army Corps dredging a new
channel or other alternatives to reopen the channel.

Active Traffic

Coordination

Expand the VTS Area to include existing fleeting area near the San
Jacinto and Old River north to the 1-10 Highway Bridge, Offshore

Management /Planning Galveston Approach, Intracoastal Waterway from MM338 to Red
Can Bend MM359 . Mitigate all crossings in the Y’ and elsewhere.
_ Coordination Devel “Co P Plan for the H —Gal

Congestion evelop a mmon Passage Plan for the Houston—-Galveston

/Planning Ports and Waterways.
, ) Voluntary A s . ;

Traffic Mix wareness training regarding how vessels interact and need to
Training work with each other.

Visibility Waterway | |mprove the navigational lighting; add more super ranges; ensure

N Improve awareness of the charterers that will be using the charter

Shallow Draft Coordination vessel (Wire boats / non-rigid composite tug and tow) category so

Vessel Quality /Planning they fully understand the vessel limitations and impacts on other

port users.
Commeraial Fishing |+ | Addiional resources 1o assist communicating and  enforcing

Vessel Quality

regulatory compliance.

Collection @ kmou




PAWSAL: Al¥} £8A18 HEshe] ©AA, Fnailx, Bd Y 7@ 5
AE7h 2 Ao oslAAE TAR 1Fel Aol Fistel AT s
NPAFE VAL AL WBFOEHA A3t 2H9h Bhoe EESE A
Mol BrimdE A7kl olsj@AC wtek PAFe Bk Awot vE &
o1,

s Y £ 2L FUe ABALFEE UPAE ALY W} AR
=

o] AL EAHoE A ste] A A FoHe =&
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IWRAPE @29 A@A+E +233to A7 25 2 F& FEL oS5
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BEF AFRE AAAN, o]F HZ2E HAHA FEFHZ
2 =4 U} o] H4sly] Y3l IALAA = 2007d v}

T 3to] IWRAP MKl gt M2 2dS 7juakste] 2009
2elyl S E S sl tHIALA, 2009).

2.2.1 IWRAP H7} A=}t

IWRAP2 MS-Windows 7|§te = whEo|xl =2 O = Fig. 267 22 HA}
2 A3gHn.
z Entering | . |'
Defining | Defining | -
Traffic Volume Grounding
Bathym?try, Foutes, Distributions ‘ Tre_afﬁc_: Lat_eral ‘ due to Drifting
Waypoints & Legs Distribution
oneachlLeg |
| .
| Defining Selection <
other traffic Causation Re:ult calculz:::)n
in the area Probability Factors B
ZX : |ALA Recommendation O-134, 2009
Fig. 2.6 IWRAP process
A dANAE FE #HE 7Hed B2 AYF ARE FHste 74, |
A4 5 4YdTh O wAClAE Legd A7 A¥ mESFLS HEW, o]
HE FEst dgsta, Fig. 2.73 o] Route Leg editoref| A &4+ £33
15 Y Leg SYRTE TIT

ausation Factor= Table. 2.29}
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la B7h og shegol mek g WA + Aok
5
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Leg:

| TraFic _I:_Causation Factors | Distribution | General |

LEG_t vl

North South

Distribution Patameters Distribution Parameters

| Mormal Weight=0.64,Ms... Normal Weight=1,00,Me...
| Uniforrn Weight=0,36,L0...

< I | £ [ >
[ Add. . l [ Remove ] [ Add ] ’ Remove ]
Input Method: Input Methad:

,\'r'-'1ear|,|"_:-t|:|. D, !,I'Mean,l'Std. D, V|

Yalue Yalue ‘

Weight  0.64 Weight ‘ 1.0

Mean 1100,00 Mean 700,00

hd, Dy, 500.00 ahd, Dey,  500.00

[ ok H Cancel J

£ X : |ALA Recommendation O-134, 2009

Fig. 2.7 Route Leg editor(Lateral Distribution)

Table 2.2 Default Causation Probability Factors in IWRAP

Condition Causation Factor
Head on collisions 0.5 * 10
Overtaking collisions 1.1* 10
Crossing collisions 1.3 * 10
Collisions in a bend situation 1.3 * 10_4
Collisions in a merging situation 1.3 * 10_4
Grounding - forgot to turn 1.6 * 10_4
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Traffic
distributions
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Z X : Modelling Marine Accident FrequencyJutta Ylitalo, 2010

Fig. 2.8 Crossing waterways with traffic distributions

Ngossmg — E g J DL I/; -
~ Vi(l) Vj(Q) J 7% sinf

QY FRWDIA i AF] N} FIF
QY : FRQ@NA j AFe] Hut FF

v gzl A i ke

41:
V2 g2@0A j Adube] &9
7

Collection @ kmou

2.2)



71X, D= A(@2.3)3 ZTHPedersen, 1995).

i % v,

ij ij

1/2 1/2
L7(1) V7(2)+ Lj(2) I/z(l) ' @) . I/;(l) 2 ) ' I/](Q) 2
D, = sinf + B;*11— |sinf + B, y1—|sind %

ij

2.3)
LY g2 i Aur Zol(m)
L gz@eNAe j Adut deolm)
BY  FRDAAY i A AZ(m)

BY 2@ A j Aur AE(m)

2.2.2.2 Head-on @ Overtaking A elo|A el FEE

Head-on ¥ Overtaking AElNA L 7]35l8t4 SE=SE2 AZE vlTHET 33
st A%ES Ued Ao =2 N&= ta Q42 225 o3 4H&% o (Friis
Hansen, 2008).

V.
head—on __ head— on Ry
Ne o LWZ'PGi,j V(l) ;/,(2) (Q,-(HQJQ)) (2.4)
i—j i j
— taki —takin V;
Ne "M = Ly 1 Pg, ™ ) Ijﬂz) (@"@) 2.5)
i—J i j

Ly : &= ZAel(m)
PEdon . Head-on el A 4, j F Aute] 535

Pg, {9 Overtaking elell A 4, j F Aute] FE3E
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Fig. 2.9 The evaluation results of ULSAN(up) and WANDO(down) through
IWRAP
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ST, TTColl wet =4 7o tiste] A 37 =71+ S84
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Fig. 2.11 Stress Ranking and Acceptance CriteriaNOUE, 2000)
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Fig. 2.12 The evaluation result of BUSAN through ES Model
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Fig. 2.13 The evaluation result of BUSAN coastal area through ES Model
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GA W 2 GA iAo A, BT &eo] wzaAY EE LAY
WE A9 1ga AEANA Foldl 74 ANA BT Aol wpep Aut

Zl
2.149F Zo] TH HAER £ ARE
243 gdFHnE & AEE RS FHIATEHD . 2012).

g2 A(2.12)2F o] BEA d¥ FR/(type), &(ton), A8t 4 ol(ength),

Auk Z(width), ERAlo] H &8k Zh=(crossing factor) 2 Wek(side factor), &
W 2o, ARk 3 &9 o], AE 3 A, 3o AY, Ag, "W =
AT 5, 2015)

Risk="5.081905+ (T, + T;+ L+ Wi+ C; + L ; + P) (2.12)
+(0.002517L+ C; + S, + Hy/o+.5, —0.004935; — 0.43071D)

171~ T, : own ship’s type factor
7; : own ship’s ton(GT) factor
L; - own ship’s length(m) factor

W, . own ship’s width factor(m)

C; : own ship operator’s career factor
L,, : own ship operator’s license factor
P; : own ship operator’s position factor
L : target ship’s LOA (m)

C; : approaching crossing factor of target ship
S; @ approaching side factor of target ship
H,, : infout harbor factor of own ship

S, + speed(kt) factor between ships

S, : speed(kt) difference between ships

D : distance between ships (NM)
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Efxd=fe| 12| (opxd) HE= M=t

0.25 -3 -2 -1 0 +1 +2 +3
0.6 -3 -2 -1 0 +1 +2 +3
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1.0 -3 -2 -1 0 +1 +2 +3
1.25 -3 -2 =1 0 +1 +2 +3
1.6 -8 =2 =1 0 =+1 =2 +3
1.75 -3 -2 -1 0 +1 +2 +3
2.0 [ -3 -2 -1 0 +1 +2 +3 [
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2.4.2 H7} A

PARK 2H9] A= HAZES st F48 I 9] ngFs 793 =
ALsAth Fig. 2,158 ESE® 2E# 227} 500 ©]d¢l AH 249} PARK =
d AT} 4.0 o) Auk HEE zARSle]l 1 vl o] 80% oldolW EHe
A 20% olste B0 R FYERE FASIHT HA 5dTF HAT LA 9

e Ho7 Hr|EAT

T A Fig. 2159 A 92 F 2d BT A= WA UEsta nk ¢k
23 AT FEE ATET 24 dEiwn 28y F4 S4F Abo] Ajb s
F(Ooll A= PARK mHoATt #A sjdAta A5t dX3 A3)E Yepdlt
(Nguyen,2013).

o] AERH di Y AV = T3 A= =AY &%
A7 W= 34 AEE7E e Zelvh flew, Bt s Jds) Y =
Aee o wet mde] 7tExE Exs gslor & davt dss ¢ F
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I bmsiryof ESA ™ | i)ms;tyoéRisi;
value over 500 A value over4.0
1 ] below 20% DU T™~T, [ ] below 20%
1 I 20%- 0% o 1 I 20% - 40%
[ 40%- 60% \i 0[] 40%-60%
| 60% - 80% " 3 \\ N | 60% - 80% ™
_ B over 80% ‘\ \\\ \ | I overs0%
/ \\ | /
| /? l
I / I /
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: ALY LY T Al /|
\ 3 4 / \ r/ /
NN/ ANNYMLEN R EEP AR
:h =] __'___._--—"""/ // :\ ____...-—""'”'/ //
el e
BV ANEE 5 / IR Sie /
N & N 2l
C
(a) Based on ES model (b) Based on PARK model

Fig. 2.15 Hazard maps (Nguyen,2013)
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2.5.1 Sech <& 08T = A¥=

3 71 (Jeong,

-2 d(Hyperbolic secant, Sech)3+E |83 FTE I=
. =, depaZt 0

2003)2 A(2.13)3 o] x=0o] 09 77 drE HYgke] &
o 7Wtes% depaol & AW AF= @2 1°o] ok

sech(t,) = = : (2.13)
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o] sech®<rE °]&3 T& AEE(CR) B7H4 2 42149 24,

CR=p » sech(a » depa) +q + sech(b « t,) +r « &(0,a) (2.14)
p, q, v : sech¥to] IZ AA A<
a, b : sechdFs=o] W3l A=(7]127]) AA A

L=l mmARe HEA%
¢ v,.cosC

®(0,a) - B9 HHE AAs= T

A71A, #(0,a)= Bl AN &2 A3 T FHE ZAAste FFEHN

walo] A4 W 0, NFHY WE 12 Hofs.

S

A dz Eado] yAdela Alsp, q, ¢

p
H SE AYE(CRY HUFE 3o o

o
—

=, depa, ¢, 0 olgt 7HA3)

N

o] 3% 99E BFAE depazk 00 ZHFESS dopac] THE Hoh 91
e 12 ol el M3t QAR T o] FrHe depart g )

t,7h SFelAY HZARO] S Hopglol® depas] dFoE FE AW

r

WZA% pe A 2ASAY Bael wgw
S

mlo ol

= F50o] o }(Ueong, 2003) HHsH AT F
AAst= #E AFE ol FAARAA FUTh
252 HAZH FE A¥E 4 ¢adyF
HALLYZES o] 8 FF JASE ik A4, jE AML A BHA
W, kv 1A A BEE JEEE ALk A% &S oy, o &
2oz JeEhE 4(2.159 ZoHE 5, 2009)
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A=E bx HFo g T3t S, AAAZL tollA A FAAA S5 ARE
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+90
CR(6) » w(0)dy
CR(t)= _90+90 . 9714 |0] <90deg, w(@)—cos(l—loe) (2.16)
JERERIOY
—90
A o2 Tl AFETE 0.6 A5 FrF Hastar, 0.80]74<
A% %Eol Yutd 4oz gFdd
2.5.3 Safety Index& ©]&3 B 7 W
SISafety Index, ©]3} SD+= A4} W& Ao gk Aol AR FTHES FX
&=(Type of ship, length of ship, loading state,

Aoz Yehd Zo =, 117 %
Relative speed, distance between ships, encounter situations, Time, day)el|l ti
eES ol F3HtHHwang et al

AA B el A} 539 0 2R
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3 HES
2002).
ST ARE BAs 2 guE P 4 JFYES
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Table 24 Analysis result of risk assessment models
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=, A egAe AP AN HBoE Avd mde Fute] 7
of Wet A3k vEm, FYste Aol Y FaAelA duht A%
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o] Mute] AA AF T Al Aus x7)d AASHA Kot dAstal ot
ol g MMl 23AtY JAAQRICZRE WAL F U+ APS Hstar Ax
T AR AEAH SIS S5t fEugtelAs ARE A<kl 187e
VISE AA|-+9g3sta ATt

VTSO2] 23kl 4(Situation Awareness, ©]3f SA)S 4 4 WE&S 7|22
TTHE B4 A9, AllesolAes AW FA@l80%) 2 AR X <l
(14.99%) Z1eja Advre] AR, S3A 5 &3 Al FA(7.3B%) =2 HE

S

2 Byt A24FodAE= Axk 7+ CPA(Closest Point of Approach, ©]3} CPA)
2} TCPA(Time to the Closest Point of Approach, ©]s} TCPAE 2<Qlst+= A
(4.63%)°] 7F =& HIEE BHJA, AdFTolAs A v AEE A=
= AB76%), A 7+ FE2] IS dSst= AQR92%), 18 HE HAS
Aas o & AMulo] Hoiolx wlg] FHelst=E A(1.82%) o] FHTtHlee et al,
2016).
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olg|gt VISOS F#4 JAdol+= Fig 3.29F Zo] & Aute] CPA<F TCPAZ}F

Multiple CPA& TCPA Prediction | X]

Track | Reference Type| Reference | Course | Speed | Trial Speed | CPA | TCPA | CPA Position |
i Ship Track | Ship 008 126 126 0026 66 N 34 52.0000 E 129 09.2560

Add Source Track| I TrialSpked | Calculate | Remove Selectedl Remove Al |

(@

(b)

Fig. 3.1 CPA & CPA Prediction function of VTS system
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Fig. 3.2 Encounter Situations when CPA and TCPA are same
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Fig 3.8 Comparison of VIS’ s and Vessel’ s viewpoints
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Table 3.2 Relative risk

interval due to #,

Head-on Crossing Overtaking
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150 FYFdt= Hut A2 53
180 o] FAA AE2E 13} Ee AUA
210 Alm] e An g T3
240 537
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a e+ sech(d « 9), if 0£0<2—;
R.(0)=|0b « sech{e(@—n)}, else 2—7T£ 0 < AL
a 3 2
c » sech{f(@—2n)}, else %S 0 <2r
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Fig. 3.10 Value of the risk by Relative Bearing in the Point of CPA
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Eye i At dute] 2R3 243 Aelg Fu FRE 0 2% 4go)
WE AU ekl Ao, CPAZL 9 Auh oo L+ L)uc Hom o A

dho] o3k 29 FFOoE FHIIHE T=o HFe]l vy AXER Hurt d

A0S Heske] 2A WmF Fig 3.3%E Fg 379 7 29 Aol ko]
R,.(6), R,,(0), 783 EE 77t 7514 Table. 333 2t}

Table 3.3 Risk value and £; for each Fig.

Fig, 0, 0, R,0) | R,0) E,
(a) 270° 270° 0.37 0.37 0.74
o w0 0.68 0.68 1.35
(@ | 045° | 115° 0.90 0.55 1.45
(b) 045° 107° 0.90 0.59 1.49
> (©) 045° 135° 0.90 0.98 1.48
(d) 045° 160° 0.90 0.67 1.57
(@ | 135° | 069° 0.58 0.79 1.37
35 (b) 135° 062° 0.58 0.82 1.40
© | 135° | os5° 0.58 0.90 1.48
(d) 135° 020° 0.58 0.98 1.56
@ | 225° | 290° 0.58 0.49 1.07
ig | | 250 | 2o 0.58 0.56 1.14
(© | 225° | 315° 0.58 0.72 1.30
@ | 225° | 340° 0.58 0.93 1.51
(a) 315° 249° 0.72 0.47 1.19
i, | ® | 3150 | o 0.72 0.50 1.22
(© | 315° | 225° 0.72 0.58 1.30
@ | 315° | 200° 0.72 0.67 1.39
ey -
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Fig. 3.11 Image and Definition of OZT(Jun kayano, 2009., Junji Fukuto, 2013)
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Fig. 3.12 Alarm areas for different target encountered angles(Junji Fukuto, 2013)
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Fig. 3.12= CPAE 100m, 0.25v}d, 0.57Fd, 0.75vFd, Z8]al 1.0vFYd o]st=
H7Ast HAA HZska Jde= gAdbke I=ZEF 030°, 060°, 090°, 120° ,
150° , 283 180° 22 WAE u), Alarm area®} OZT(ZL& Sui)E Z42
Bl Ao R, AALY FJElE FTAH Ao] Alarm area® CPAVF AR-ATFE A

A WA FAE

oF Aube] z$-Zto] wrE Alarm areast OZTS #AE F<Qlg Ay, mE
Crossing “ejoll A4l OZT= CPA”Z} 0.25u1 o]3&lQl Alarm areas} Ao L X|3}A
1} zZketar, Head-on Atejoll A= CPAZF 100m ©]3}¢l Alarm area$} U X]&}]
th.(Junji Fukuto, 2013). o]= & 4d4ke] CPA7} 0.25vY olst2 =& o OZT
7F AR o] YEbde & 5 Sl

2 AGAFEY7E VISO BHANA =5 F3e sy 8F3A ofdx &
glst7] ste] FAkek - FA AR - tfakel - B ke 58k VISO9) aff &
TAATHoAA nE T OoWE o= ofgfel A2 2oz HFEE ot
At
O FA1Ee] CPA=0.2r}%), TCPA=6+
@ 283 & A7 F dubeld owd 2XE glde
Case 1 WA, 45 )
@ F Aol AFH(InkslE4D# E4(5,0008) = sttt 7H4
@ Yo O FAA, A, FEAH 2 FLdd 74 17
O 283 22L& A7 F dubeld oHg 2=XE glde
(W3, &% =)
Case 2
@ F Adure) AHLIsEADH E40,0008)+= sttt 7
@ ol mE FAAM, JEgd, FE4 9 349 AA 1y
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Case 19] Aoz 1z HES, Case 29 270 E 23 HAES 2N o,
Fig. 3.135 A&l AAlH 207}# A8k =9 43 = Situation 1%-¥] Situation
2 Yehd Aoz 7 =5 A3HS1-520)0 it FE AI= =AHo| thdk
VTSO<} OoW<e] HHFM), EFHXHSED), 95% 415 F3H2 Table. 3.4 2t}

Table. 3.40l4 1z Aol &3 VISO= (), 2zl &3k VISO+= (b)olH, A&
of AARE UHA 167 2= 4 75 (24l & A9 = ¢

A= A7 2EADIA 2o

Table 3.4 Survey results of VISOs and OoWs

VTSOM) SD 95% Con. OoW 95% Con.
S SD

@ | | @ | (aidowelgb) (a;J pper(b) (M) Lower | Upper
1121|113]0.40|0.25 110 1.03 | 132122 | 115 |0.21 | 1.09 | 1.21
2 10.61]0.68 | 0.40 | 0.19{ 0.50 | 0.61 | 0.72 | 0.75 | 0.70 | 0.23 | 0.64 | 0.77
31095[0.990.39019{0.841]0.92 | 106|107 0.89 | 0.27 | 0.81 | 097
4 1096|097 |0.36 | 023|085 0.88| 1.06 | 1.06 | 0.90 | 0.25 | 0.83 | 0.97
51133138046 |0.24| 1.20 | 1.29 | 1.45 | 1.47 | 1.38 | 0.28 | 1.30 | 1.46
6139134042 |040| 1.27 | 1.18 | 1.50 [ 1.49 | 1.39 | 0.25 | 1.32 | 1.46
71118 |1.14 043|042 | 1.06 { 0.98 | 1.30 | 1.30 | 1.26 | 0.23 | 1.20 | 1.32
8 127|118 |0.43 041 | 1.15| 1.03 139 | 1.34 | 1.20 | 0.21 | 1.14 | 1.25
91130127 042|037 | 1.18 | 1.13 | 1.42 | 1.41 | 1.20 | 0.20 | 1.14 | 1.25
10139 | 1.30 | 0.37 | 0.40 | 1.29 | 1.15 | 1.49 | 1.46 | 1.31 | 0.29 | 1.23 | 1.39
11156 | 1.43 | 0.28 | 0.34 | 1.48 | 1.30 | 1.64 | 1.56 | 1.42 | 0.33 | 1.33 | 1.52
121149 | 1.44 | 0.31 | 0.32 | 1.40 | 1.32 | 1.57 | 1.56 | 1.50 | 0.30 | 1.42 | 1.58
13| 151|148 032|039 | 1.42 | 1.33 | 1.60 | 1.63 | 1.57 | 0.23 | 1.50 | 1.63
141158 | 1.53 | 0.36 | 0.36 | 1.48 | 1.39 | 1.68 | 1.66 | 1.55 | 0.28 | 1.47 | 1.63
15| 1.50 | 1.47 | 0.42 | 0.29 | 1.38 | 1.36 | 1.62 | 1.58 | 1.45 | 0.26 | 1.37 | 1.52
16154 | 1.36 | 0.33 | 0.35 | 1.44 | 1.23 | 1.63 | 1.48 | 1.42 | 0.24 | 1.35 | 1.49
171143 | 1.41 035|034 | 1.34 | 1.28 | 1.53 | 1.53 | 1.48 | 0.27 | 1.40 | 1.56
18| 1.54 | 1.41 | 0.36 | 0.40 | 1.44 | 1.25 | 1.64 | 1.56 | 1.45 | 0.23 | 1.39 | 1.52
191137 | 1.41 {041 | 0.33 | 1.26 | 1.29 | 1.49 | 1.54 | 144 | 0.31 | 1.36 | 1.53
201150 | 141|026 | 0.34 | 1.42 | 1.29 | 1.57 | 1.54 | 1.42 | 0.27 | 1.34 | 1.49




Situation 1 (v,=10kts, v,=10kts) Situation 2 (v,=10kts, v,=10kts)
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Fig. 3.13 Encountering situations presented in the survey
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VISOZol A 1z A& 23 HGS VISO@), 23 AEo £3 JAdS
VTSOM)Et 3} CoWE 233k A Ao HiF 9AATI} 2+ Z9243KS)o
ste] Zol7F gty FAHE 4 Q=X 2AAs7] st I wjx

(One-Way ANOVA)S 314 th

(

S
¢
Ao
d

IBM SPSS Statisticse ©]&3te] dYux] E4HEAE AAS A= Table.

3.5¢ 2.

Table 3.5 One-Way ANOVA according to each encounter situation

S T2 M SD S = M SD
OoW 1.15 0.21 OoW 1.42 0.33

] 1 | VTSO(a) 1.21 0.40 2 71 | VTSO(a) 1.56 0.28
= | VTSO() 1.13 0.25 = | VTSO() 1.43 0.34
F-value(p) |  .998(.37D) F-value(p) | 2.682(0.072)

OoW 0.70 0.23 OoW 1.50 0.30

5 1 | VTSO(a) 0.61 0.40 19 1 | VTSO(a) 1.49 0.31
= | VTSO() 0.68 0.19 = | VTSO(b) 1.44 0.32
F-value(p) 1.235(.294) F-value(p) .269(.765)

OoW 0.89 0.27 OoW 1.57 0.23

- | VISO@ | 0.95 | 0.39 - | VISO@ | 151 | 0.32
] = | VTSO(b) 0.99 0.19 = = | VTSO(b) 1.48 0.39
F-value(p) 1.289(.279) F-value(p) 1.426(.244)
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S 4 M SD S R M SD
OoW 0.90 0.25 OoW 1.55 0.28
4 -L | VTSO(a) 0.96 0.36 14 -L | VTSO(a) 1.58 0.36
= | VTSO() 0.97 0.23 = | VTSO() 1.53 0.36
F-value(p) .726(.486) F-value(p) .279(.759)
OoW 1.38 0.28 OoW 1.45 0.26
. 1 | VTSO(a) 1.33 0.46 15 1 | VTSO(a) 1.50 0.42
5 | VTSO() 1.38 0.24 5 | VTSO(b) 1.47 0.29
F-value(p) .256(.775) F-value(p) .667(.515)
OoW 1.39 0.25 OoW 1.42 0.24
6 1 | VTSO(a) 1.39 0.42 16 1 | VTSO(a) 1.54 0.33
5 | VTSO() 1.34 0.40 5 | VTSO() 1.35 0.35
F-value(p) .480(.620) F-value(p) | 4.054(.020%)
OoW 1.26 0.23 OoW 1.48 0.27
- VTSO(a) 1.18 0.43 - VTSO(a) 1.43 0.35
702 | vIsom | 114 | 042 |17 | T | VISO® | 141 | 0.34
=B =R
F-value(p) 1.365(.259) F-value(p) .667(.515)
OoW 1.20 0.21 OoW 1.45 0.23
g 1 | VTSO(a) 1.27 0.43 18 1 | VTSO(a) 1.54 0.36
5 | VTSO() 1.18 0.41 5 | VTSO() 141 0.40
F-value(p) 775(.463) F-value(p) | 2.301(.104)
OoW 1.20 0.20 OoW 1.44 0.31
9 1 | VTSO(a) 1.30 0.42 19 1 | VTSO(a) 1.37 0.41
5 | VTSO() 1.27 0.37 5 | VTSO() 1.41 0.33
F-value(p) 1.281(.281) F-value(p) .463(.630)
OoW 1.31 0.29 OoW 1.42 0.27
1 | VTSO(a) 1.39 0.37 1 | VTSO(a) 1.50 0.26
10 5 | VTSO() 1.30 0.40 20 5 | VTSO() 1.41 0.34
F-value(p) 1.017(.364) F-value(p) 1.145(.322)
*p<.05
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Aol AAE 4 25 A g Jo e Ht AP A=7F 2ok |l
O AF7Rdel Wd HAZA F-valueol W3k H2o&-E(p)o] Situation
16(p=.012)8 A3t H-E] F¢ A3toA UutAl Fol=F (5HT =
Al Ui

Situation 169 ™3k AAZEH A Z+ 1F F£F9 Hdd|n A FEAS 7}
A AFEAA Al Scheffe =9 A, VISO@<el VISOMb)e 74 - 9
Al fFolE 05RT 2 0322 YESTE o] VTSO(a)7F VISOD)

Hoh e A9 AE7F =4 et 2s or|gith

o
it

A o2 VISOS OoW ¥ tjiite] 25 A% tate ‘2 1% 4%
o) 919 Axol W@ WF Aok Gtk FE ARAEE ANY 5 AU

ooz AE AAE 7 2% Ao giste 234l o) 43t E 4k
I VTSO(a)e} VTSO(b) Z18]at OoW7t “7]= HA 98 AEE nwd 18 =
= Fig. 3.14¢} 2o
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Fig. 3.14 Comparison of Average of survey & Degree of Risk
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MEo] ANT 7 Auk 29 o] sk VISOS OoW7t =71 1% A
= Bed £ vinstd 248 o #3 £33 A4Giuation DA VISO@E
0.61, VISO()= 0.68, OoW+= 0.70, 18] 2 0742 =53, 2 o

& F3 43HSituation DA VISO(a)= 1.21, VTSO(M)+= 1.13, OoW+ 1.15,
Jel3 B 1352 #E O F@RT 24 4EHA0,

F Auto] %97+ 110° & %-$3++= Situation 63 7oA VISOE 3 dA o)
FAA ALE FAEstE Situation 6(1.39/1.34)0] XA AwE B
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Table 3.6 Survey results of VISOs due to time-remaining

2-1 Vean Std. Std. Error 95% Confidence Interval
(Stbd 090° ) Deviation Mean Lower Upper
t10 2.10000 1.99383 .23831 1.6246 2.5754
t9 2.68429 1.99925 .23896 2.2076 3.1610
t8 3.28143 2.06961 24737 2.7879 3.7749
t7 3.94286 2.17673 .26017 3.4238 4.4619
t6 4.74571 2.25579 .26962 4.2078 5.2836
t5 5.65143 2.31189 .27632 5.1002 6.2027
t4 6.56143 2.30609 .27563 6.0116 7.1113
t3 7.54143 2.09433 .25032 7.0421 8.0408
t2 8.50286 1.71954 .20552 8.0928 8.9129
t1 9.32429 1.03706 12395 9.0770 9.5716
t0 9.87857 0.46963 .05613 9.7666 9.9905
9-9 Vean Std. Std. Error 95% Confidence Interval
(Stbd 135° ) Deviation Mean Lower Upper
t10 2.6786 2.04662 24462 2.1906 3.1666
t9 3.3271 1.97953 .23660 2.8551 3.7991
t8 4.0029 1.98377 23711 3.5298 4.4759
t7 4.7171 2.08271 .24893 4.2205 5.2137
t6 5.5257 2.07997 .24860 5.0298 6.0217
t5 6.3671 1.95261 .23338 5.9016 6.8327
t4 7.2371 1.88042 22475 6.7888 7.6855
t3 8.0014 1.77466 21211 7.5783 8.4246
t2 8.7271 1.52239 .18196 8.3641 9.0901
t1 9.3757 1.15400 .13793 9.1006 9.6509
t0 9.7029 0.97846 11695 9.4696 9.9362
9-3 Vean Std. Std. Error 95% Confidence Interval
(Stbd 150° ) Deviation Mean Lower Upper
t10 3.2314 2.52722 .30206 2.6288 3.8340
t9 3.8800 2.40860 .28788 3.3057 4.4543
t8 45371 2.42626 .28999 3.9586 5.1157
t7 5.1486 2.45957 .29397 4.5621 5.7350
t6 5.7957 2.44780 .29257 5.2121 6.3794
t5 6.4757 2.39767 .28658 5.9040 7.0474
t4 7.1929 2.37672 .28407 6.6261 7.7596
t3 7.8757 2.23415 .26703 7.3430 8.4084
t2 8.5371 1.97896 .23653 8.0653 9.0090
t1 9.1071 1.60256 .19154 8.7250 9.4893
t0 9.5571 1.25843 .15041 9.2571 9.8572
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9-4 Vean Std. Std. Error 95% Confidence Interval
(Port 090° ) Deviation Mean Lower Upper
t10 1.9714 1.91085 .22839 1.5158 2.4271
t9 2.5814 1.88090 .22481 2.1329 3.0299
t8 3.2143 1.98255 .23696 2.7416 3.6870
t7 3.8800 2.10518 .25162 3.3780 4.3820
t6 4.6543 2.25746 .26982 4.1160 5.1926
th 5.5443 2.28858 .27354 4.9986 6.0900
t4 6.4743 2.25065 .26900 5.9376 7.0109
t3 7.4643 2.09679 .25061 6.9643 7.9642
t2 8.4571 1.72657 .20636 8.0455 8.8688
tl 9.3329 1.08183 .12930 9.0749 9.5908
t0 9.9429 .28921 .03457 9.8739 10.0118
9.5 Vean Std. Std. Error 95% Confidence Interval
(Port 135° ) Deviation Mean Lower Upper
t10 2.5286 1.89179 .22611 2.0775 2.9797
t9 3.1471 1.84946 .22105 2.7062 3.5881
t8 3.7943 1.93472 23124 3.3330 4.2556
t7 4.4857 2.04254 .24413 3.9987 49727
t6 5.2129 2.13052 .25465 4.7049 5.7209
th 6.0243 2.08941 .24973 5.5261 6.5225
t4 6.9329 2.07090 .24752 6.4391 7.4266
t3 7.7643 2.03263 .24295 7.2796 8.2490
t2 8.5043 1.76663 21115 8.0830 8.9255
tl 9.1800 1.35909 16244 8.8559 9.5041
t0 9.6643 .98805 .11809 9.4287 9.8999
9-6 Vean Std. Std. Error 95% Confidence Interval
(Port 150° ) Deviation Mean Lower Upper
t10 3.1814 2.40587 .28756 2.6078 3.7551
t9 3.8279 2.31065 .27618 3.2769 4.3788
t8 4.4543 2.32508 27790 3.8999 5.0087
t7 5.0821 2.37594 .28398 4.5156 5.6487
t6 5.7343 2.43119 .29058 5.1546 6.3140
th 6.4214 2.35851 .28190 5.8591 6.9838
t4 7.2286 2.33127 .27864 6.6727 7.7844
t3 7.9100 2.21975 .26531 7.3807 8.4393
t2 8.5700 1.99160 .23804 8.0951 9.0449
tl 9.1543 1.62130 .19378 8.7677 9.5409
t0 9.5243 1.31903 .15765 9.2098 9.8388

Collection @ kmou



97 Vean Std. Std. Error 95% Confidence Interval
(Head-on) Deviation Mean Lower Upper
t10 2.9000 2.34459 .28023 2.3410 3.4590
t9 3.4164 2.26515 .27074 2.8763 3.9565
t8 3.9271 2.26690 .27095 3.3866 4.4677
t7 4.4779 2.31895 27717 3.9249 5.0308
t6 5.1214 2.36287 .28242 4.5580 5.6848
th 5.8250 2.41885 .28911 5.2482 6.4018
t4 6.6029 2.33933 .27960 6.0451 7.1607
t3 7.4679 2.29037 .27375 6.9217 8.0140
t2 8.2886 1.96701 .23510 7.8196 8.7576
tl 9.2029 1.22592 .14653 8.9105 9.4952
t0 9.8257 .56994 .06812 9.6898 9.9616
2-8 Vean Std. Std. Error 95% Confidence Interval
(Stbd 030° ) Deviation Mean Lower Upper
t10 2.4857 2.06238 .24650 1.9940 2.9775
t9 3.0414 1.99786 .23879 2.5651 3.5178
t8 3.6100 2.02693 .24226 3.1267 4.0933
t7 4.2486 2.10553 .25166 3.7465 4.7506
t6 4.9314 2.14155 .25596 4.4208 5.4421
t5 5.6786 2.21116 .26428 5.1513 6.2058
t4 6.5057 2.30361 .27533 5.9564 7.0550
t3 7.3929 2.30685 27572 6.8428 7.9429
t2 8.2586 2.15504 .25758 7.7447 8.7724
tl 9.0314 1.61223 .19270 8.6470 9.4159
t0 9.6057 .95930 .11466 9.3770 9.8345
9-9 Vean Std. Std. Error 95% Confidence Interval
(Stbd 045° ) Deviation Mean Lower Upper
t10 2.3357 1.95367 .23351 1.8699 2.8016
t9 2.8357 1.93084 .23078 2.3753 3.2961
t8 3.4186 1.97090 .23557 2.9486 3.8885
t7 4.0386 2.04509 .24444 3.5509 4.5262
t6 4.7686 2.08052 .24867 4.2725 5.2647
th 5.5514 2.06333 .24661 5.0594 6.0434
t4 6.4971 2.06776 .24714 6.0041 6.9902
t3 7.4829 1.98895 23773 7.0086 7.9571
t2 8.4471 1.70215 .20345 8.0413 8.8530
tl 9.2814 1.27066 .15187 8.9785 9.5844
t0 9.6929 1.02961 .12306 9.4474 9.9384
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2-10 Vean Std. Std. Error 95% Confidence Interval
(Stbd 060° ) Deviation Mean Lower Upper
t10 2.5614 2.03529 .24326 2.0761 3.0467
t9 3.1043 1.98891 23772 2.6300 3.5785
t8 3.7014 1.99641 .23862 3.2254 4.1775
t7 4.3600 2.00632 .23980 3.8816 4.8384
t6 5.0843 2.04384 .24429 4.5969 5.5716
th 5.8414 2.12094 .25350 5.3357 6.3471
t4 6.7343 2.09484 .25038 6.2348 7.2338
t3 7.6571 1.99779 .23878 7.1808 8.1335
t2 8.5357 1.64793 .19696 8.1428 8.9286
tl 9.3243 1.15588 .13815 9.0487 9.5999
t0 9.7143 91117 .10891 9.4970 9.9315
2-11 Vean Std. Std. Error 95% Confidence Interval
(Port 450° ) Deviation Mean Lower Upper
t10 2.4429 2.01182 .24046 1.9632 2.9226
t9 2.9800 1.99126 .23800 2.5052 3.4548
t8 3.5771 2.00739 .23993 3.0985 4.0558
t7 4.1986 2.07940 .24854 3.7028 4.6944
t6 4.8771 2.15589 .25768 4.3631 5.3912
t5 5.5514 2.20794 .26390 5.0250 6.0779
t4 6.4171 2.18917 .26166 5.8952 6.9391
t3 7.3386 2.08217 .24887 6.8421 7.8350
t2 8.2757 1.83053 .21879 7.8392 8.7122
tl 9.1414 1.35609 .16208 8.8181 9.4648
t0 9.6214 1.05100 12562 9.3708 9.8720
9-19 Vean Std. Std. Error 95% Confidence Interval
(Port 060° ) Deviation Mean Lower Upper
t10 2.5357 2.01495 .24083 2.0553 3.0162
t9 3.0543 1.93808 .23164 2.5922 3.5164
t8 3.6400 1.94067 .23195 3.1773 4.1027
t7 4.2600 1.95970 .23423 3.7927 4.7273
t6 4.9586 1.99554 .23851 4.4828 5.4344
th 5.6729 2.05884 .24608 5.1819 6.1638
t4 6.5457 2.03539 .24328 6.0604 7.0310
t3 7.5371 1.95583 .23377 7.0708 8.0035
t2 8.4086 1.69190 .20222 8.0052 8.8120
tl 9.2086 1.28500 .15359 8.9022 9.5150
t0 9.6257 97158 11613 9.3940 9.8574
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2-13 Vean Std. Std. Error 95% Confidence Interval
(Port 030° ) Deviation Mean Lower Upper
t10 2.5500 2.21024 .26417 2.0230 3.0770
t9 3.0457 2.15182 .25719 2.5326 3.5588
t8 3.5814 2.17744 .26025 3.0622 4.1006
t7 4.2171 2.25022 .26895 3.6806 4.7537
t6 49371 2.30539 .27555 4.3874 5.4868
t5 5.6843 2.31483 .27668 5.1323 6.2362
t4 6.4771 2.36754 .28298 5.9126 7.0417
t3 7.2857 2.39234 .28594 6.7153 7.8561
t2 8.0986 2.19072 .26184 7.5762 8.6209
tl 8.9357 1.64282 .19635 8.5440 9.3274
t0 9.5857 1.03899 12418 9.3380 9.8335
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Fig. 3.15 Means of VTSO’ s risk for each situation due to Time-remaining
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Table 3.8 The result of one sample T-test for survey (N=70)

Bearing | Mean St 95% Con. Bearing | Mean St 95% Con.
Dev. Dev.

Lower | Upper Lower | Upper
000° 6.885 | 2.037 | 6.400 | 7.372 180° 4.490 | 1.927 | 4.031 | 4.949
015° 6.274 | 1.916 | 5.817 | 6.731 195° 4.250 | 1.690 | 3.847 | 4.653
030° 5.631 | 2.018 | 5.150 | 6.113 210° 4.063 | 1.605 | 3.680 | 4.446
045° 5.107 | 1.868 | 4.662 | 5.552 225° 3.966 | 1.606 | 3.583 | 4.349
060° 4.760 | 1.757 | 4.341 | 5.179 240° 4.011 | 1.547 | 3.642 | 4.380
075° 4576 | 1.712 | 4.167 | 4.984 255° 4.063 | 1.559 | 3.691 | 4.435
090° 4566 | 1.736 | 4.152 | 4.980 270° 4.167 | 1.658 | 3.772 | 4.562
105° 4419 | 1.658 | 4.023 | 4.814 285° 4.187 | 1.608 | 3.804 | 4.570
120° 4330 | 1.719 | 3.920 | 4.740 300° 4.391 | 1.623 | 4.004 | 4.779
135° 4.239 | 1.687 | 3.836 | 4.641 315° 4.736 | 1.685 | 4.334 | 5.138
150° 4.197 | 1.631 | 3.808 | 4.586 330° 5.337 | 1.926 | 4.878 | 5.796
165° 4303 | 1.714 | 3.894 | 4.711 345° 6.029 | 1.903 | 5575 | 6.482

330

474

439

TTmaa

A86

255 —
01

4.06

435

185

4.30

49
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180

135

Fig. 3.24 Mean of VISO’ s safety domain
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Fig. 3.25 Proposed the safety domain of VTSO
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Safety domaind 41ute] $1x], do] Ig]a H 2o m} MAFHEZ | vk
AAE (x,y,), At Dol L, IZE= bEF 31 Safety domaing Fxel| =&
A7 918 fFEFAHL 261D 2o

@, y,)°] FA B wAgae L (3.11)
2, =x;+cos(Co;) » Na;+sin(Co,) » Ab,

7

y; =y, —sin(Cv;) » Ag;+cos(Co,;) » A,

71 A, a,=5.7L,/1852(m), b, =4.35.L,/1852(m),

Aa, =1.2L,/1852(m), Ab, = 0.2L,/1852(m) ©]c}.

Fig. 3.26 Process of induction for the safety domain
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Y 3 &skA e B F99 A I Euji, 1971D)° olgt= Fujii o] &
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Fig. 3.27 Impact comparison of TCPA and CPA on Ship Domain
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Fig. 3.29 Definition of Approach factor
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ole} o] Dse} CPASte]l #A ) we} ¢ Avte] 24 f1ds 9 + 3
o, o]Z Approach factor(f)e} Aelsta 2}(3.12)¢} o] F3t.
fi=DCPA/Ds, (3.12)

f; + i4%re] Approach factor
Ds; : i A4k Domaino] CPAe] $]x& uf Safe distance(NM)

AEZALE B3] VISO 7ol 283+ Domain Al4kol E‘ré‘:—‘}ol EAE o
= 98 AS(HY 1.0)2 2AFS Ax, W 0.657(F 1, 95% 413
0.631~0.682)2 ZA}= AT}

F-lN
rLl
_);,1_14
o

fi=1¢ ui, & Domain A/ gtAvto] EX|& wf VISOZF “7l= 98 A=
H70.657)F FAFS e 7R E sechd = 98 A5 2 7127 Ak
7F 1.0%1 ggolH, ol& T2z JYeRH Fig. 3.303 2 4(3.13)3 2o

T

Rsq(f:)=0.65

5]

0 05 1 15 2 25 3 35 4+ 45

fi=1.0 fi

Fig. 3.30 A Graph of the Risk of Safety domain(Z,,)
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R, (f;)=sech(k « f,) (3.13)
R, A¥re] 24 A3

f; + @ ~44re] Approach factor
k918 Axd & 71&7] Al

21(3.13)& i A¥re] Approach factoro]l W& i Awvte] ZH YFZHRisk of
safety domain, R )olw, Aut 2+ A w2 9P A =Risk of Approach,
APE F A R0 o2 2@.14)sh o] 7k

A =R, (f)+ R, (f)) (3.14)
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=
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3.4.4 Safety domain< ©] &3t @A Fe HAF

& A =5 ARl w40 g WHIE 24shy] fste] 4 A Ao
(LE 100mell A 200m, CPAE 0.3ntdollA] 0.1nL = Fig. 3.315%H Fig. 3.347hA] <}
o] Bl skt

Fig. 3.312 Head-on gejollA < Aupe] A of 4, ¢ ol +do=2 534
st Aoln, Fig. 3.32% Crossing ZFEfollA =52+ 045° , Fig. 3.332 =54
090° , ZL2]a Fig. 3.34= =77 135° = Aol A4l Avjz F3hst= 4
e 44 vt

Table 3.9 2t %ol Wigt f,, [, R,(f,), R,(f;), 2= A& T3 Aotk

[
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Fig. 3.31 Predicted violation of the safety domain in head-on situation
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Fig. 3.32 Risk of Approach(4;;) in Crossing situation (Stbd 045° )
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Fig. 3.33 Risk of Approach(4,;) in Crossing situation (Stbd 095° )
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Fig. 3.34 Risk of Approach(4,;) in Crossing situation (Stbd 135° )
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Table 3.9 Example calculation of 4,

o~ L
" llart
e |-: Ll

0

W LW

1@ Kmou

Flg fz fj de (f7) de (f]) Aij
(a) 1.35 1.35 0.49 0.49 0.97
(b) 0.68 0.68 0.81 0.81 1.62
(©) 0.47 0.47 0.90 0.90 1.81
3.31
(d 0.24 0.24 0.97 0.97 1.95
(e) 0.41 0.41 0.92 0.92 1.84
(f) 0.21 0.21 0.98 0.98 1.96
(a) 1.24 1.41 0.54 0.46 1.00
(b) 0.62 0.70 0.84 0.79 1.63
3.32
(©) 0.43 0.49 0.91 0.89 1.81
(d 0.21 0.24 0.98 0.97 1.95
(@) 1.04 1.36 0.63 0.48 1.11
(b) 0.52 0.68 0.88 0.81 1.68
3.33
(©) 0.37 0.48 0.94 0.90 1.84
(d 0.18 0.24 0.98 0.97 1.96
(a) 0.88 1.29 0.71 0.51 1.22
(b) 0.44 0.64 0.91 0.82 1.73
3.34
(©) 0.31 0.45 0.95 0.91 1.86
(d 0.15 0.23 0.99 0.98 1.96
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Fig. 3.319] (@} (W= o Auke] CPAZ}E 0.37+Y, (0} (&= CPAZ}F 0.1nd
2 #d i oz FHsts A4Foln, Axk Aol7k 100m(aet c)oll A 200m(b
o D= vk o 2] A4.= (@7F 0.97, 7k 161, (©7F 1.81, (A7} 1.95= A
Hh dol7t AojAaL CPAZY 7 A5 ghol AY. A7A (e <
Approach factor7b 1.352 1HT =231 A, = 1 olst= o4 g e g2
HE $£Fo2 AgdE,
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2 2974 045° = Aol AL Arnz Tt A-gold, Add dolrt
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o},

o]+ Fig. 3.333% 3.34¢ A& oAE mix7iA 2 At do|7} 21 CPA7L 7}
N deE AT 4,7 8 wok3len, 53] Ad dolxtt CPAZ} 717t
s AT 4,0 ¥ 0 AR & 5 Ao

w4 a9 (@ 4 Aol Addr Aolet £¥, CPAVE 22 8o =
Head-on Aei(#H&A ol #3olX =7 $HCE 0 %
A ALFE A5 0.9751.00-111-1.222 3 AQTh o] j Aulo] |
Domaine.2 {3 HWHstHA figtol A oA R
S7Fst7] w&E ot

AzH oz A8k 9127} Safety domain FA A H@Aoz A0.2L), Aw]
goz Aa(l2l) THF o]F3le] 22 CPA 4&olg} 3td= 2+ 4d49ke] Domain
o= g Aol Axste W Al wet A= kX a, v do)
Hate HlEo] AX =T oS & Uk
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AY B=E Fig 413 2ol A A9 7@, 9P FAD. AF #FIO
0F TR

o

of g o }(Uncertam payment)E -5}

= W= (Utility of money)E 23}

m
32

=

WA, Fig. 4.1@¢ Z+ WgS CE=$40, E(W)=$50, E($0)=0, U(CE)=6,
E(100)=10°]2} st g 3o Aldel FrlstA d< o 69EY &84
S AYs $408 7HXZ YA, Adel ZArHEe w ZdEE grte] 284
& UEW)=6+(4-6)2=52 &&A ZHoz Egd Aol #HArleA g Aol
o] 9]

mto

o] Ht}
Table 4.1 Explanation of terms of utility(Wikipedia)
Term Explanation
Certainty equivalent
CE
Aol Z7¥ekA] & Al s 2e = A= izt
Expected value of the utility(expected utility) of the uncertain payment
EUW))
gk il Slol 54 tirbE Ads 2849 Bdike o
Expected value of the uncertain payment
E(W)
Aldel F7Hle A 22 F As dirke S54 7dA
Utility of the certainty equivalent
U(CE)
A " izt AlelAl €  de HEEES 284)
Utility of the expected value of the uncertain payment
UEW))
2523 girte) ZgAzt ARl & F e HEEES 584)
Risk premium
RP EW)et vlmsi Bt w 7HQlo] CEE HAMY] 98 A+ &+ U=
ti7tel
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U(EW))

E(U{W))
=U(CE)
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U(Wy)

~RP+

S

i1 W, CE EW W,
AU

Uw,)

E(U(W)
:U(CE}s
(b) U(E(W))

A=

S W E(W)=CE W,

(c) E(UW) L
=U(CE)

U(EW))

U R W
(Wy) b4
W, EW) CE W,

=X : Wikipedia(http://en.wikipedia.org/wiki/Risk_aversion)
Fig. 4.1 Utilty functions of the risk attitude
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T =2 JehE Fig. 4.2¢F 2t

. . Pmax —RI
CoRi (RI) = Tp(—p)[l - GXD(—IO R[max )] (42)

CoRi - VISO9| 91 H=el W& s= A¥E
RI : A8t S+ A (Risk Index)

P = 938 = H-9%(=100)

= 9 =<0 : 3, p=0 : T, p>0 : =)

s FE RS HAG8)

.=
max - o

=

A71A, RIS 7t 1A G+ 3FNA A on 21(4.3)7 2t
RI=E, « T.+ A, 4.3)

E;,=R,(0,)+R,0,), Au 2] me A=A 2.0

1) cpa
R_,(0,) : CPAIA ] i Al el o2 98%
R,,(0;) : CPASIA 9 j Ak Frigslel b A8

Ay =Ry (F)+R, (), A8 b SHAY N B AFAHEHD 2.0)
R,(f,) : i Aure] 24 9%

R,(f) : j Aol 24 9195
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p=-5 Risk averse

80 x

60

40

20 : 5 s

Risk taking p=a
0 = T : S N Z T Rfmax=8
0 1 2 3 4 5 6 7 8

RI = EU * TU *AU

Fig. 4.2 Collision Risk associated with different VISO’ s risk attitudes
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Table 4.2 Survey basic data of VTSO

Collection @ kmou

Lol TH HAE%) | VIS ¥ T H A E(%)
20ty 4 5.7 59 o]st 34 48.6
30tH 45 64.3 6~10d 19 27.1
40TH 10 14.3 119 o)l 17 24.3
50t o] 11 15.7
HF AA TH 34 E(%) = 7A H A E(%)
A% 2 2.9 B AlH 16 22.8
A A 17 24.2 N Al E 11 15.7
2% A} 33 47.1 P AlE 8 11.5
3&A} 9 12.9 U AlH 8 11.5
A 9 12.9 K AlH 10 14.2
D Al¥ 8 11.5
71 e} 9 12.8
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Situation 2
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Situation 4
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Situation 5
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Situation 10
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Situation 13

Fig. 4.3 The situation presented in the questionnaire(left or up) and Individual risk of VTSO(right or down)
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Fig. 4.4 Comparison of risk level by VISO’ s experience (Situation 1)
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Fig. 4.5 Comparison of risk level by VISO’ s experience (Situation 2)
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Fig. 4.7 Comparison of risk level by VTS center (Situation 1)
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Fig. 4.8 Comparison of risk level by VTS center (Situation 2)
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Fig. 4.9 Comparison of risk level by VTS center (Situation 3)
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Fig. 4.10 CoRi associated with risk attitudes from 10mins before collision
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Table 4.3 Value of CoR: associated with risk attitudes

p| 10& 9% 8& 7 5% 4% 3% 2

A
i
A
-
(e}
b

-5| 81.27 86.25 90.39 93.65 96.04 97.69 98.75 99.39 99.76 99.94 100

-4| 74.57 80.33 85.44 89.75 93.18 95.75 97.56 98.76 99.49 99.88 100

-3| 66.04 72.43 78.46 8392 88.63 9247 9543 9755 98.96 99.74 100

-2| 55.78 62.48 69.21 75.77 81.88 87.31 91.87 9545 97.98 99.49 100

-1| 44.38 5093 57.95 6529 7271 79.89 86.47 92.07 96.36 99.06 100

0]3292 3885 45.62 5323 61.55 70.32 79.09 87.23 93.94 98.40 100

112269 2763 33.65 40.90 49.50 59.37 70.15 81.04 90.70 97.49 100

211458 1839 2333 29.73 3794 4822 60.48 73.94 86.80 96.36 100

3| 883 11.57 1535 20.63 27.96 37.95 5097 66.51 8250 95.07 100

41 510 6.96 9.71 1382 20.01 29.21 4228 59.26 78.07 93.69 100

5| 284 405 596 9.03 14.04 2214 3472 52,50 73.68 92.27 100
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Table 4.4 The result of risk attitudes and corr. coefficient as compared with CoR: and each VISO

S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 S13 Overall

S1

Risk attiude(p)

VTSO

10
11
12
13

14
15
16
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Table 4.5v= VISO9 913 =] wa} VIS A, VIS 25 ZAed, ¥
AL VTS &7 A Addteld HF AAE= 783 2ot

AEo $E3 7012 VISO TolA 918 THIEL AAQ 27.1%, 43 98
EEe 17.1%, 9 93 43 e 15.7% £ 2 g R VISOZE 98 7+
TEAdS & 5 AU

Table 4.5 Risk attitude analysis results of VTSO

Risk attitude
Total | -4 -3 -2 -1 0 1 2 3 4 5
P
No. 70 1 4 - 7 19 11 9 12 3 4
VTSO
% 100 1.4 SN - 10 27.1 157 129 171 4.3 @ 5.7
B 16 - 1 - - 4 3 1 2 2 3
N 11 - 1 - 1 8 - 1 - -
P 8 - - - - 1 1 4 2 - -
VTS
U 8 - 2 - 2 - 1 1 2 - -
center
K 10 - - - 2 1 2 1 4 - -
D 8 - - - 2 1 3 1 - - 1
etc 9 1 - - - 4 1 1 1 1 -
<5 34 1 2 - 2 8 7 4 5 3 2
5~10 19 - 2 - - 8 1 3 4 - 1
VTS
. 10~15 4 - - - 2 - - - 2 - -
carrier
15~20 6 - - - 1 - 3 1 1 - -
20< 7 - - - 2 3 - 1 - 1
Capt. 2 - - - - - 1 - 1 - -
. CIO 17 - 3 - 3 6 2 - 2 - 1
Final 195 33 1 - - 3 7 5 7 5 3 2
position
3/0 9 - 1 - - 4 1 - 3 - -
R/O 9 - - - 1 2 2 2 1 - 1
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VTS AIEE 2 VIS0 918 H=E A XRd B AlEE 68.7%7F 918 #2459,
N MBS 72.7%7F 98 =28, P AEE 87.5%7F 98 743, K AEHE 70%
7} 19 248, D AlE= 50%7F 918 ¥ oE N AlEE Aty i
o] VTS AlEe] ¥l VISOZE Ad @@ oz yebgch

ole N Al gwtoz 2y Aol F2 Y&Yste B VIS Aele] =%
SHe VISORT 35 982 & o 27 A4stel #Ass zoz BaH,
A2 30%(21

VIS Adas 59 olshe] 61.7%7} 9% @5E o= VISO
B)7} olo sFan, VIS oF A AE 54 AAoz 25 P4 AHAY

66.6%7F A Aoz A2l 31.4%022%)71 ool &g,

o8 B3 VIS 2% Adn &4 Aol Fe VISOY ¥F47t AF A
de & 5 A

o)A Y VISOe| 918 HEE 7t VIS 4lEe] #ATee Sale Hure] A
% WEY 2PHE 5 OYF 890 I vAn 7 gue] E43 2
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P —RI

CoRi(RI) = Tp(—p)[l —exp(—p R

)] (5.2)

CoRi - VISO9 913 Bi=dl W& F=& AF=
RI At = @A +Risk Index)

P 5= 3= HUHIE100)

p =T BH=(0 : 33, p=0 : FH, p>0 : =)
R, - & A3AF HAF(=8)

ESge] HPigke 1000012 CoRie] HBighe 1000t o] Hludtr] 913t
2(6.29 P, & 100008 A= WE3L, SIS gho] 3 o]old ES.o HEwk
A 002, SJS Fhol -3 ol3kel A5 ESo Uzl 100022 =Aste] Hlw
Stttk ERdute] A4 Fddte A4S Axtetd, Ad3t el Zojef
oM 71E53 B ge) B A(R/L,)7E oF 9.97F 2 W HUgh -3.01¢]

Ha, R/L 7} ¢F 3857 2 uw) H47k +3.047F Hoh

m

52 F& At AtE A&

RISt ESE A 8% FEALE 45 AA Wl F Ao N A=
2 Poste A Fosd F AU H 37 09 24 AEst 2 o
AR A AEE WA ohgstel WAR 7ﬂ°lb}, $A42 D 37} 35
2 98] 9% AEE T4 AsA oI A% Uee] © Ao tHKMST,

oF Mute] Fo A D WAAZLL Table 519 L, & Hute] AlS 34
2 2E 108 ARE o dure) &9, P2, CPA, 183 TCPAZ

 Table 5.2¢F 2ot AAl &3 dHeolHe o AHre] AlS =4 AlZke] o)
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Table 5.1 Ship’ s particular of D & H

Model ship Ship D Ship H
Type U nkslE A A o9 A
LOA(m) 88.2 174.7
Beam(m) 15.6 30.2
Draft(m) 8 16.4
Time 00:09 ~ 00:19

Table 5.2 Speed and Course of D & H

—/;:/,\_]/\]?l = D= 9= ihs He 9= CPA TCPA
22 | 9 o) | &ty (Coy | i) | (min)
0:09.00 9.4 202 | 106 832 | 033 | 2.9
0:10:00 9.5 190 | 107 830 | 026 | 1951
0:11:00 0.7 168 | 107 849 | 029 | 1651
0:12:00 9.7 1701 108 858 | 026 | 1444
0:13:00 9.5 176 | 107 8.1 | 023 | 12.88
0:14:00 9.6 182 | 108 83 | 021 | 10.99
0:15:00 9.3 186 | 107 86 | 033 | 10.38
0:16:00 9.6 190 | 108 838 | 038 | 902
01609 9.7 199 | 108 806 | 011 | 819
01619 9.6 68 | 107 793 | 001 | 757
0:16:30 9.5 16 | 105 768 | 012 | 689
0:17:00 00 3544 | 101 823 | 018 | 491
0:17:30 01 3524 | 93 041 | 003 | 3.83
0:17:40 01 3524 | 89 1070 | 004 | 329
0:18:00 89 3469 | 85 1203 | 011 | 238
0:18:30 $7 3308 | 84 1426 | 013 | 134
01848 82 3216 | 84 1426 | 010 | 112
01856 72 3065 | 89 1479 | 008 | 074
0:19:00 68 3009 | 89 1479 | 007 | 073
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Table 5.3 Collision risk value of D & H

Hl W3k T2},

FAARE E. A Coliptsers 100, (I\zf ?O%LO) Eo| A3}
A ! ! ! p==1 p=0  p=1 | CoRi | ESy
0:09:00 | 1.45 0.09 122 | 3.09 197 @ 116 | 305 | 0.0
0:10:00 | 1.44 0.14 142 | 547 352  2.08 | 54.1 | 0.0
0:11:00 | 1.42 023 132 | 827 537 @ 3.21 | 819 | 0.0
0:12:00 | 1.42 0.33 1.40 | 12.25 8.06 @ 4.88 | 1214 | 0.0
0:13:00 | 1.42 042 1.50{16.89 11.29 @ 6.96 | 167.4 | 0.0
0:14:00 | 1.42 0.58 1.55 | 23.38 ' 1599 ' 10.09 | 232.0 | 186.2
0:15:00 | 1.42 0.62 1.20 | 19.66 13.27 8.26 | 195.4 | 290.6 | HS A7} w3
0:16:00 | 1.44 0.75 1.08 | 21.42 « 14.55 = 9.11 | 213.3 | 453.4
0:16:09 | 2.00 0.92 1.86 | 54.87 42.60 @ 30.91 | 546.6 | 625.6 | VIS ¥Alv} 5=
0:16:19 | 2.00 1.01 2.00 | 62.91 @ 50.70 = 38.42 | 627.8 | 683.6
0:16:30 | 2.00 1.11 1.89 | 64.67 52.56 | 40.24 | 645.3 | 739.9 | VIS¢} D= w4l
0:17:00 | 1.49 143 1.74 | 58.54 @ 46.21 @ 34.18 | 584.3 | 832.2 D& #43]
0:17:30 | 2.00 1.63 1.99 | 88.03 81.30 @ 73.01 | 879.7 | 954.0
0:17:40 | 2.00 1.72 1.98 | 90.57 84.98 @ 77.94 | 905.1 | 1000 HE 413
0:18:00 | 2.00 1.84 1.82 | 89.55 83.48 @ 75.91 | 894.1 | 1000
0:18:30 | 1.87 1.93 1.75| 86.42 79.03 70.07 | 862.9 | 1000
0:18:48 | 1.89 1.96 1.85| 90.80 85.32 78.40 | 907.1 | 1000
0:18:56 | 2.00 1.98 1.90 | 96.43 94.05 90.86 | 963.8 | 1000
0:19:00 | 2.00 1.98 1.93|97.24 9537 92.84 | 972.9 | 1000 = A
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UL

Fig. 5.1 Collision risk simulation screen for D & H
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Fig. 5.3 Comparison of collision risk for CoRi(p=-1) and ES(H)
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Table 5.4 Ship’ s particular of G & P
Model ship Ship G Ship P
Type A o] 44l Al w2 -1k

LOA(m) 107 114

Beam(m) 17 18

Draft(m) 5.8 9.7

Time 03:07 ~ 03:21

Fig. 5.4 VTS screen of G & P
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Table 5.5 Speed and Course of G & P

FANE C= I - Pe - CPA | TCPA
(A E:=x) o T (mile) (min)
&kt  (Co) | (kts)  (Co)
03:07:10 126 1007 | 129 39.0 0.07 13.22
03:08:47 126 1015 | 129 43.0 0.18 12,22
03:09:57 126 1015 | 129 43.0 0.16 11.04
03:10:47 126 1022 | 128 43.0 0.15 10.09
03:11:43 126 1019 | 127 42.0 0.11 9.09
03:12:34 127 1017 | 131 41.0 0.09 8.01
03:13:25 126 1020 | 132 40.0 0.11 6.96
03:14:12 126 1015 | 133 42.0 0.14 6.35
03:14:45 126 1012 | 133 44.0 0.15 5.99
03:15:12 127 1015 | 133 45.0 0.16 5.58
03:15:33 128 1022 | 133 45.0 0.14 5.15
03:15:42 126 1028 | 132 16.0 0.17 5.07
03:16:06 126 1018 | 131 44.0 0.13 4.64
03:16:30 126 1018 | 131 42.0 0.12 4.10
03:16:49 126 1019 | 131 41.0 0.11 367
03:17:12 126 1017 | 131 41.0 0.10 331
03:17:27 126 1077 | 131 41.0 0.12 276
03:17:47 125 1020 | 132 40.0 0.07 268
03:18:04 126 1027 | 131 40.0 0.10 2.36
03:18:25 125 1019 | 130 39.0 0.07 2,03
03:18:53 12.4 97.4 12.9 40.0 0.06 1.72
03:19:16 12.2 87.3 12.9 40.0 0.03 171
03:19:39 11.9 66.7 12.8 40.9 0.00 264
03:20:02 11.4 53.6 12.8 41.0 0.05 4.46
03:20:18 11.1 15 12.9 41.0 0.22 2,86
03:20:34 10.6 23.5 12.8 411 0.21 22,09
03:20:57 10.4 0.7 12.9 41.9 0.19 _1.63
03:21:17 103 3504 | 129 43.0 0.17 1,74
03:21:57 102 3141 | 130 43.0 0.26 _1.77
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Table 5.6 Collision risk value of G & P

[

N

TAA

Al Bz

it

i

ij

Co Ri(Max.

100)

A =H3

(Max. 1000)

p=-1

p=0

p=1

CoRi

E o] A}d}

03:07:10

2.00

0.40

1.95

27.86

19.37

12.44

278.6

0.0

03:08:47

1.51

0.47

1.68

21.76

14.80

9.28

217.6

0.0

03:09:57

1.51

0.57

1.75

27.13

18.81

12.05

271.3

42.9

03:10:47

1.51

0.67

1.78

31.63

22.31

14.55

316.3

160.4

03:11:43

2.00

0.79

1.87

48.65

36.74

25.84

486.5

287.2

03:12:34

2.00

0.93

1.92

57.05

44.73

32.83

570.5

398.2

03:13:25

2.00

1.09

1.86

62.84

50.62

38.35

628.4

523.7

03:14:12

1.51

1.18

1.80

52.57

40.39

28.96

525.7

637.1

03:14:45

1.53

1.24

1.77

54.11
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Fig. 5.5 Collision risk simulation screen for G & P
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Fig. 5.6 Value £, 7,

; and A,; according to simulation time
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Fig. 5.7 Comparison of collision risk for CoRi(p=-1) and ES(G)

— 153 —

Collection @ kmou



AEHIA A AIED wWEt GRSt ESqe 4% A3, Crossing dEl

o e & Aur2 CPAZF 00l 77k A&olM EHE =4 glo]l HIshH,
6.3%-74 VTISO7} VHF(Ch. 16)2 ¢ ¥t &3t 25 SHHA F+

(A A7F 27= 3 wWAst] CPAZF L +L(SF 0.12 NM)ET}

VISO= o Mube s3ate] of 987 G m(]ga)et A2 malo] o] Fold
£3} o5 2 FAANTE G 3= P 57} 98 Ao /A YA s Qo) HE
Moz Ay Mute Wer|2 st of 1084RE H3 WIS AZRITh I

Fig. 57014 Esge % Aol A2gl get si@=r} Y4l 270}
°F 10873 %E gl Em. xmoﬂ Coli

o1%o] g Abel ot

F Aute] Fo AY 9 wyAZe Table. 5.73% 21, AFd BA VIS A
slH e Fig. 587 Zt} AIS &4 ARE 722 F5 g 208 AFEH 4 A
vlo] && X2 CPA, TCPAES 3} Table 5.8 Zt},

— 154 —

Collection @ kmou



olg olgstel RS 7t AAAF A BEe WE U=, 1 A
W3S QRS BS;E 717 T89 Table 599 2t

Fig. 5.9 A &@old daboln Fig 5108 7+ SAARE, T, A)E Lhe}

9 2E AP=E Ww

UH, Fig. 5112 GoRi(p=—1, A} ES(G &, A1)

i A g
Table 5.7 Ship’ s particular of M & C
Model ship Ship M Ship C
Type ZAH o] Al Aol 4l
LOA(m) 172 114
Beam(m) 28 20
Draft(m) 7.2 5.5
Time 18:19 ~ 18:42

Fig. 5.8 VTS screen of M & C
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Table 5.8 Speed and Course of M & C

FANE M= I - ce - CPA | TCPA
(A E:=x) o o (mile) (min)
kt  (Co) | &kt  (Co)
18:19:56 15 211 14 295 0.09 19.21
18:21:08 16 211 14 292 0.14 17.87
18:22:20 16 211 14 293 0.17 16.58
18:23:32 16 211 14 293 0.13 15.39
18:24:44 16 211 14 292 0.00 14.17
18:25:56 16 211 14 293 0.00 12.84
18:27:08 16 212 14 293 0.03 11.80
18:28:21 16 212 14 293 0.08 10.50
18:29:33 16 212 14 294 0.09 9.18
18:30:45 16 211 14 994 0.03 781
18:31:57 16 211 14 294 0.01 6.49
18:33:09 16 212 14 294 0.03 5.39
18:34:15 16 211 14 293 0.04 4.22
18:34:45 16 212 14 293 0.04 370
18:35:14 16 212 14 288 0.12 333
18:35:43 16 211 13 277 0.13 343
18:36:11 16 212 14 275 0.22 3.09
18:36:40 16 212 14 267 0.28 281
18:37:09 16 212 13 265 0.22 251
18:37:38 16 211 13 264 0.25 2,04
18:38:07 16 218 14 265 0.21 1.60
18:38:35 16 233 14 264 0.14 212
18:39:04 16 241 13 267 0.11 231
18:39:34 17 252 12 251 0.20 1.22
18:40:02 17 258 10 215 0.21 0.71
18:40:31 16 255 9 182 0.22 11,03
18:41:01 15 240 9 158 0.30 “1.39
18:41:29 15 227 8 119 0.44 “1.34
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Table 5.9 Collision risk value of M & C

, A =3

FANE | Lo | PRI 1000 | e e
= Y Y Y B

p=-1| p=0 | p=1 | CoRi | ESy
18:19:56 | 2 014 194 | 1065 | 6.97 | 420 | 1065 | 0.0
18:21:08 | 2 018 185 | 1270 | 8.37 | 508 |127.0 | 0.0
18:22:20 | 1.37 023 179 | 10.60 | 6.93 | 418 | 106.0 | 0.0
18:23:32 | 2 028 187 | 19.25 | 12.98 | 8.06 | 1925 | 0.0
1824:44 | 2 034 2 | 2488 | 17.11 | 10.86 | 2488 | 0.0
18:25:56 | 2 043 2 | 3052 | 2143 | 1391 | 3052 | 0.0
18:27:08 | 2 051 199 | 3557 | 2547 | 16.88 | 355.7 | 0.0
18:28:21 | 2 063 195 | 41.95 | 30.81 | 21.00 | 4195 | 0.0
18:29:33 | 2 078 194 | 50.09 | 38.07 | 26.96 | 500.9 | 0.0
18:30:45 | 2 097 199 | 6072 | 4842 | 3625 | 607.2 | 0.0 | M=% C& 5%
18:31:57 | 2 118 2 | 70.33 | 58.80 | 46,58 | 703.3 | 113.0
18:3%09 | 2 136 199 | 78.00 | 67.93 | 56.60 | 780.0 | 357.5 | VTS CZZ(Ch.10)
18:34:15 | 2 156 199 | 85.43 | 77.66 | 68.33 | 854.3 | 6045
18:34:45 | 2 165 199 | 8843 | 8187 | 73.77 | 8843 | 7214 | Cz mawy
18:35:14 | 2 17 189 | 87.48 | 8051 | 71.99 | 8748 | 8297 | ME H4E3} A%
183543 | 2 168 188 | 86.42 | 79.02 | 70.06 | 864.2 | 9032
18:36:11 | 159 171 167 | 68.42 | 56.65 | 44.35 | 684.2 | 955.3
18:36:40 | 1.61 171 153 | 64.93 | 52.83 | 40.51 | 649.3 | 1000
18:37:09 | 161 177 167 | 70.85 | 59.39 | 47.20 | 708.5 | 1000
18:37:38 | 161 18 16 | 69.66 | 58.04 | 45.79 | 696.6 | 1000
18:38:07 | 1.63 1.86 171 | 75.44 | 64.80 | 53.06 | 754.4 | 1000 | M3z S
18:38:35 | 2 181 185 | 89.74 | 83.77 | 76.29 | 897.4 | 1000
18:39:04 | 2 18 191 | 91.29 | 86.05 | 79.41 | 912.9 | 1000
18:39:34 | 1.02 124 164 | 36.25 | 26.02 | 17.30 | 3625 | 1000 | C& =413
18:40:02 | 131 0 166 | 0.00 | 0.00 | 0.00 | 0.0 | 1000
18:40:31 | 128 0 164 | 0.00 | 0.00 | 0.00 | 00 | 0.0
18:41:01 | 126 0 139 | 0.00 | 0.00 | 0.00 | 00 | 0.0
18:41:29 | 111 0 095 | 0.00 | 0.00 | 0.00 | 00 | 0.0
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Fig. 5.9 Collision risk simulation screen for M & C
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Table 5.10 Risk ranking of ES, and CoRi
| SJ S, C’oRz ;
Mariner’ s Judgement VTSO’ s risk (p=-1)
0 Extremely safe | APy “OAN
1 Falrly Safe Under 30 Safe
2 Somewhat safe
Neither safe nor Continuous
3 e [500] - 30 ~ 50 L
dangerous Monitoring
Somewhat : o
4 1 e [750] -y 50 ~ 60 Risk recognition
dangerous
5 Fairly dangerous |- [900] - 60 ~ 85 | Risk management
Extremely Extremely
6 | T e [1000] - over 85
dangerous Danger
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