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Abstract : The purpose of this study is for Human error prevention to acquire Collision Risk Perception Index (CRPI) sensed by the Officer Of the
Watch (OOW) when the approaching distances are reduced in six types of ship encountering situations (Head on, 045°, 090°, 135° Overtaking, Overtaken)
between own ship and a target ship and then to predict CRPI fitting coefficients with polynomials in the curve-fitting process. CRPI acquisition
experiments are carried out on two coast-guard ships and with the total of 30 crew members. Analysing results shows that CRPI data have goodness of
fit to the six types of encountering situation. Futhermore, the One-Way ANOVA results show that CRPI has a negative affect to the OOW's age, career
and license grade as the approaching distances is reduced. The availability of CRPI curve fitting with 3 degrees of polynomial was testified through the
RMSE as 1.19 to Head on, 0.87 to 045° 0.81 to 090° 0.71 to 135° 1.29 to Overtaking and 0.87 to Overtaken.
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CRPI &4 € 2015 69 8Y 124 30% &% /MAE 2
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9] 7§u]-&l—_0_ o]&g}oﬂ‘:.;ﬂ s} ;’d.c; EH(Own ship)oi 7<4

Stal thE 3§ 22 E}X(Target ship)o.2 A3t o Zolg}

B2 Zo] gAME 27l AL MAET) g_ﬁgi |

gl Ade Aol 91m, EF 1,600 0] 3L

g el Al Zol 9om EF 1,500E 0], AFEHE

Auk 5% 10 kts(knots) 2 353 T}

o F 7 TEHS FEF, TEHES 6~8ms, i}_ﬂ% 0.5
1.25m, Al A2 33 2](Nautical Mile, NM)Z A Fo] ¢
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Table 1. Experimental conditions

Main contents Detail of contents
Classify Own ship | Target ship
Length (meter) 90 91
Tonnage (GT) 1,600 1,500
Experimental Speed (knots) 10.0 10.0
Overtaking Speed (knots) 16.0 10.0
Overtaken Speed (knots) 10.0 16.0
Experimental participants (persons) 15 15
3.2 4E 9H
A2 7 o] GHgo] BX S st AL F
33 HA] Fig. 29} 3Fe] A3} ghado] oAl 7HA] vhE o]
o 29RES s, o 0 T A g Azl H P
FHA7Y =7= CRPIE SASIT A8 7] 293
B3t Bpade] gl 000%(F, P2 ‘Head on” 3 HY), &
oiERe] 0450, A9 090°, ATkl 135°9F 39 (Overtaking)
sl AFe, 998l (Overtaken) 3 o),
Head on Crossing Crossing || QuarterLee || Overtaking || Overtaken

045" 090" 1357 Own Ship

AR ERE

Own Ship Own Ship Own Ship Own Ship Own Ship Target

Fig. 2. Experimental scenarios.
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e gAAEe] AduellA et Agzb 7k el wet
ARle] =7l CRPIE €A 7|53 ot

Fig. 45 9] 1350014 AP off Z4e] A= AIS
(Automatic Identification System) 3} &3k Folc}. 3}A

Table 2. OOW's CRPI Judgement criteria

CRPI OOW's Judgement
0~ 20 Fairly safe
20~ 40 Safe
40~ 60 Neither safe or dangerous
60~ 80 Dangerous
80~ 100 Fairly dangerous

Fig. 3. Scenary of collision risk perception index(CRPI) measures

in the wheelhouse.

Target ship S8 Own ship

Fig. 4. Snap-shot of AIS screen in experimental situation

showing the encountering angle of 135 degrees.
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Table 3. Experimental results for CRPI(Collision Risk Perception Index) by Encounter Bearings and Distance Spaces

\ 1 2 3 4 5 6 7 8 9o |10 | 11 | 12
Distanci
i\ Encon: tatistiz:S(NM) 300 | 275 | 250 | 225 | 200 | 175 | 150 | 125 | 100 | 075 | 0.50 | 025
! 000° 5721-7_/- 8.33 10.70 13.67 19.37 25.87 36.23 43.40 51.13 57.30 66.03 74.67 81.27
Stdg,ﬁu 6.343 6.763 7.298 9.981 10.976 14350 | 16.111 | 16.167 | 17.371 | 19.081 | 18.129 | 18.906
5 0450 572,;_]- 8.50 11.73 17.77 24.03 32.23 40.87 47.93 56.23 65.77 75.10 82.87 87.97
Stdsm,_j 8.320 8.835 12.034 12.869 14.644 17.526 | 17.422 | 19.031 | 18.175 | 16.670 | 16.404 | 15.982
3 090° S?Ei.’j 8.50 12.13 17.93 24.83 32.67 40.70 48.20 56.83 64.73 73.33 81.23 85.70
Stdsm,j 8.920 10.291 12312 14.999 15.925 16.547 18.494 | 19.095 | 19.291 | 19.446 | 18.693 | 19.259
4 135° ng 12.73 18.23 23.10 30.97 37.90 45.53 53.40 61.70 70.60 79.87 85.63 91.93
Stdguf” 11.803 13.320 13.440 16.020 16.344 20.321 18.039 | 17.720 | 16.546 | 16.105 | 14.423 | 13.824
Over- 5721.__[ 6.73 9.07 13.57 16.40 23.97 28.67 36.23 41.17 48.77 5533 63.23 68.10
> taking stdS[Rw 8.333 9.620 12.131 12.492 15.300 16449 | 19.167 | 19.813 | 20.072 | 21.292 | 22.031 | 21.957
Over- SIR, 1023 | 1380 | 2117 | 2840 | 35.13 | 4400 | 5207 | 5933 | 6800 | 7583 | 83.17 | 88.00
6 taken stdsm’ 9.662 11.208 15.630 16.397 15.386 17.140 17.652 | 18.788 | 19.146 | 19.212 | 18.959 | 19.766
100 ES Ao Budk A(Kim et al, 2011)3} vl F T} of 7] 4
g —*—Head-on® ; Z9 Z+o] 135°9 A $-oll = 045° Y} 090°9} vl nlEle] e A
—=crooss @ # G g2 gupel Wold QgolE BTN He: JUL AFO
B0 —a=cro090® G = 090°nt} 7 o] glo] A Ao $14 Elo] of
e »® #9224 ezl A Agshs Aow wdwE Az
. |Snaakgf l AEEE 71 2 e Fhae 4P BAS A
W Overtaken® 7 e
- / Aol w] A S AFEA 28 bea) e
g o2 JkHnt
3 4. CRPI RZ 3 24
20
10 g2 41 dEUEX 24
" Table 4= A AN} Z 3078l sk AR, SHAEHHE,
3 27525225 2 175 15 125 1 075 05 025 |7 e ewE X E YERY
Distance between the two ships(NM)
Fig. 5. Measurement results of averaged CRPI(ranges from 3 Nm Table 4. Demographic Characteristics
to 0.25 NM). Variable Classification Response | Ratio(%)
Ne AT Jeaes el sl A Duel A 20-29 years old 6 20.0
> o v = Age 30-39 years old 11 36.7
FalG A= 7P E AR EE =7 AoE YER more than 40 years 13 43.3
t}. ¥ WAE 398l (Overtaken) A AA @WH)o], Boarded less than 3 years 11 36.7
A AR = 04502 E AN A @), Ul AR ZF B edEEel 090°(L career 3 years-less than 10 years 12 40.0
oA @w), 1e)a v oR F9sk 33HOvertaking) o 1?15?82 ; 263~73
AN Ol 4 A AP = A0E e e e g 0
thool= AT bl A AR A Bk & cate level 5-level 6 13 433
-7Fo] 1352, 090°, 045° ¢ Fo 7 Adukdate] 91 =rt none 9 30.0
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N2 Aol = H7IA A Gl A AT

A B 400 o)/do] 433 %= 7 Bekom™, 541 Table 6. Regression results using the Age data
B 2EE 39 o) 10 mvke] 40.0%E 7P @eka
o

L o
B _ Independent | Dependent .
7L A E BEEX e A 5393 650 433%% 7 Bk Variable Variable SE B | t-value | Sig.
on A 157 230 6.7%= 7HE A ATk
Constant | 3.388 - 4.484 .000
4.2 Mut Z2FEE ME T 24 Age Head-on +
o } 1.436 | -375 | -2.138 | .041
Table 5= 4 CRPI Hlo]Elol] tigh A=® £443= CRPI-3NM

= UEhe A29hE(Cronbach)®]  a %40l (statistics) R=375, R'=.140, Adj R'=.110, F=4.573, p=041
=7F 9lES o tk(Song, 2014). AHZE (" €0.05)
AZulE o agko] ¥ 092 ojHo g U

=
Ebt7] w2 Aol A AREE dolH e AEE 4 9l e o7 M7 o] CRPIO 1= S BAE7]
v Ao aedEd. sto] ohgt 22 JHES FEssit
2) M @« ZaEAAe] A2 CRPIO] ()9 D
Table 5. Reliability Analysis of Acquired Data 35 wE Aol
ol s AHo] Bo A= Eef dEX2o] W
. Reliability Statistics = sddgel we g Il 140l ®
Ship's encounter angle = Zlo]7] wiel FAA el A2 el A Ate}t vl asto]
Cronbach's a .
000° 0.92 CRPI &(-)°] F&FES v Bolgta 714 & 3ot} 3]+
s 0'94 2AS B3 74T AT Table 79 2t}
190° 095 Table 791 LFERS b @) A, 7k -3.369(p=002)
1350 095 2 B4 FolsEes g vAs Aoz vehtA 7}
; . A @ AYEAch AP Fghe 11.350(p=002) 25
Overtaking 0.97 ) .
28.8 %(R°=288)2] A &S el
Overtaken 0.97

Table 7. Regression results using the boarded career data

CRPL, 13, X4 =, Wslew Atole] J&S Toslr] Indep,erflem Depe,“‘tijm SE B | tvalue | Sig
dstel Zzke] aQle] sl HALAL A o5 __Voadle | Varable
REE BA3E AL gud] Hsly] g oy e % Constant 2.627 - 6.290 .000
} Boarded
9-1F¢] 00002} oF AHEFE A7) 3 NMell o3k 30%8 2] CRPI H
career Head-on |} 353 | 537 | 3369 | 002"
o] Ej ke B}, CRPI-3NM | ' ' '

(statistics) R=.537, R’=.288, Adj R'=263, F=11.350, p=.002

I 2 ME S FHsEeit ("p €0.05)
) 7 @ : gl %S CRPIO] S0 9T

HE e A AL WISl CRPIE T A= S A3 9
7P O ARl B2 FaFHA= SAAH BE A glo gor 2o A 2gsqn

o] 7] wjiZell Aol A& aFA Ao} vl uste] CRPI 4t 3 7 @ - B WEHETFS CRPI ()2

THETY w9 HEFeR FAE Aot AR Aol ge ma Aot}

th AR S 3 HA A= Table 63 2T o]zl 71 L A9 WHERS Hoe YAl &
Table 691 WHERA 7Hd D] A, 72 2.1380=041)  MA ) gajvtel AEx o] WaZFo] st o] AL} #

2 A Felasel dFE vAE AR UEAM M 591 g 2) ° o
@O AHAE ofol 3t B FRF ] Fib2 4573p=04D)S 5 Aolala 7143 Aolt). o2 FARMS Este] UA
140 %(R=.140)9] AW & Hola gt} 3 AaE= T

=)
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Table 89| e 714 @9 AAAT, tgho] -2.431(p=022)
2 TAA FogsolA dFE nAE Aoz Yehd 74
@2 A=At sl AZH FaS 5.909(p=022) 02 17.4%
(R=174)9] A8 =E& wola gl

Table 8. Regression results using the Certificate data

Independent | Dependent .
Variable Variable SE B t-value | Sig.
Constant 2.709 - 5.309 .000
Certificate Head
ead-on X
CRPL-3NM 1.224 | -417 | 2431 | .022

(statlstlcs) R=.417, R7174 Adj R
(" p €0.05)

7145 F=5.909, p=.022

31 =)2} CRPI9 ZAHEAM
FCRPIOH u| X = Téﬁﬂ 2t

opnsl sleel thael Fhae FUaAL,
7 @ FALAR AHE PO ()0 FFE

Table 90| A EAHEA
Ho] FoFE 005K &
Ho| W& CRPI:= HUE

0.079¢] A=
SHA A 7HA@F 71ZFEe] A
S Ao=Z YEgrh

Table 9. One-Way ANOVA of Age and CRPI

D.V | Age(years) Mean SD | F-value/Sig. P;sszif:t
g[ 'TT3%0 @ | 1083 | 5845

CRRL | 1045 | T30 | G | ey
g[ 'TT 6?)0 @ | 538 | 470

M.T : More than / L.T : Less than / SD : Standard Deviation

Fig. 6= Table 99 W& A¥E 1922 Yepd Aot}
xS AYIFo R y-FS CRPI BS YEHITH CRPIE
AT LE 204 o] 304 WIRHRE] 3041 o] 4041 W REEA]

ntshAl stk L ol wekHAl facte As
At} o= F3l 3040 FEHE d¥o] gold4s

ol
71 ARAG7E ol e o & gk,

r D:
ofje mhz

i de

ke
o,
e

o

-

Mean of CRPI_3NM

T T T
More than 20 - Less than 30 More than 30 - Less than 40 More than 40 - Less than 60

Age_Group

Fig. 6. Average Chart of Age.

o7 sta|FA Rt 5
ol 7] 9t oo 7HHE S

5 7Hd ® : gAY S8 H > CRPI°ﬂ O
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o4& EX43 0.0002 FA= EO% 333 frelgk Aol
A= AR YEY 7 @ AYE

ARHoz, CRPIE SA79 3d vghd A 713 o
o, $A7380] BE&4E 3 £XE Uit & 5417
go] §&4E CRPUVF Wb RS & & Ao

Table 10. One-Way ANOVA of boarded career and CRPI

DV Boarded career Mean SD | FvaluesSig Post-test
(years) results
LT 3 (a) 12.73 | 5.641
M.T 3 ~ 6.034/ a>bec
CRPLI T 0@y | 867 | 3365 | 0000°" | (Scheffe)
Over 10 (c) 429 | 5345

(" "p €0.01) / D.V : Dependent Variable

Fig. 7 Table 109 W& A¥E =2 e Holu
wHE SAAY AFOR, y-FE G AU AL 38

A1°] CRPI B & HERATE

CRPIE= 4491w 33d | v-RE 10 o] 47HA] AF
O R 5] WFo R FIeA fadte s B 9
t} oli= g zte] A WoldrE e A
3 5ol T ko] B
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Fig. 7. Average Chart of Boarded career.
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Sol "L W3 3~47 B2 B} 19 ~29 BHAe] Ho
A 7F FzE ErheE Aotk

W3 19 ~29 B2 CRPI 7% 7} &FzF 2ozl o] f-+=
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Table 11. One-Way ANOVA of Certificate Grade and CRPI

DV Certificate Mean SD F—vz.tlue/ Post-test
Sig. results

None (a) 10.56 | 6.821
Gade 56 (0) | 1000 | 6.124 | 3004/ | a>bed

o 0.044" Scheff

Gade 3~4 (©) | 2.50 | 2.739 . (Scheffe)

Gade 12 (d) | 5.00 .000

(" p €0.05)

Fig. 82 Table 11°] w2 ANE TP Z2 el Aolth
x5S A IF, y-FS & Az A 33g]el 4] CRPI
B S e CRPI= W
I 6w LE7HA $te] 7

=
153 29 25F7HA ete] s ok 2e B 5 S

o

@
i

Mean of CRPI_3NM

T T T T
Mone Grade 5 - 6 Grade 3-4 Gradet - 2

Certificate_Group

Fig. 8. Average Chart of Certificate Grade.

4.5 CRPI 342 At
% 2 Fig. 59 ek CRPI 4%
< FA4357] A8t v s o] &3 FHAZIAE SFh
4, Fig. 5ol A3het vhah2l o] A5 A3 HAAA ) 34
S U9kTh Table 12i= CRPI 54 o] <]
el diaiA 33k a0z S 2AEE A9-9 Ag 7k
I} dl 7FA] A3 73 A A ZH(SSE, R-square, Adjusted R-square,
RMSE)E ettt

Table 12. Parameters of CRPI prediction model with 3 degree of

polynomials
Ship encounter angle
P encol 2l 0000 | 0ase | 0900 | 1350 |Overta|Overta
() king | ken
Polynomial 3degree y=p1#x"3+p2*x 2+p3*x-+pd
pl 3.007 | 3.079 | 2.247 | 2.303 | 1.624 | 0.920
P2 -11.39 | -12.69 | -8.61 | -9.72 | -5.78 | -4.95
Coefficients
p3 -19.01 | -17.9 | -20.89 | -19.82 | -20.6 | -18.57
p4 86.3 | 93.27 | 90.28 | 97.83 | 79.42 | 89.76
SSE 11.35 | 6.104 | 5.288 | 4.074 | 13.28 | 6.019
Goodness R-square| 0.998 | 0.999 | 0.999 | 0.999 | 0.997 | 0.999
of fit | Adjusted ) goc | 6,999 | 0.999 | 0.999 | 0.997 | 0.999
R-square
RMSE | 1.191 | 0.873 | 0.813 | 0.714 | 1.289 | 0.867
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S Table 1200 vhERWL p, BB p, AAS A gl 2
¢ & ol&sto] CRPI #4 9l CRPIZ 5% 4 v}
(Matlab, 2005a).
S/ﬁii (r) :pl,ﬂ"? +p2ﬁir? tpgr Ty tE (1)

Fig. 9% Table 129] 32} @ AIG5E 2(1)o] 483t ALt
3 CRPIZ 1P T2 vebd A o] Th(Matlab, 2005b). ©] &} o]
Table 129] A& o] &3t AN 714 29-43H 2 ofuf 3t
Aol afjx = &2 o7 CRPI HolE &5o] 7H5at).

100

Index of risk

3 25 2 1.6 1 0.5 o
Distance between the two ships(NM)

Fig. 9. Experimental Data Curve Fit Results.
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