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A Study on the Influence of the Navigator's Personal Characteristics on the

Perceived Collision Risk in Close-quarter Situations

.t
Do-Hoon Kim
* Section Chief, Department of Planning and Operations, Boryeong Coast Guard Station, Boryeong City, Chungcheongnam-do, 33475, Republic of Korea
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Abstract © This study focuses on the margin of human error when a navigator is embarrassed by the psychological fear of collision in a close-quarter
situation (CQS) and is unable to perform as per the prescribed collision avoidance measures. The purpose of the study is to identify the effects of the
navigator's personal characteristics or factors in relation to on-board career (OC), license rating (LR), and age on the perceived collision risk (PCR) in
CQOSs. In order to obtain quantified data regarding the collision risk perceived by the navigator in four typical COSs between their own ship and a target
ship, this study measured and collated the heart rate variability of 30 navigators on their own ship when two ships approached each other at a speed of
10 knots from 2.5 nautical miles to a collision situation. According to a multiple regression analysis of the measured values, the navigators’ OC and LR
factors had negative effects on the PCR, while the age factor had no significant effect on PCR. The t-test results showed that the PCR value was
significantly higher for navigators with an OC < 4 years than for those with an OC = 5 years, and the LR factor was significantly higher for a class
4~6 group than for a class 2~3. This finding may be applied to the development of collision risk warning systems, particularly for navigators.
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Seuet sl A Aol 9ste] LAE FEALE A}
3 A % 36274 o] A3 °U1 o] 7h2-dl &sfjAtel gt
F 252707 AA FEALL Y2l 10%E A
Ao &2 UEFGTHKMST, 2019). =, $-2ve} @l
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=] 3t

T
A,

AN
bt A ¥k (Target Ship, TS)" =LA
(Close-Quarters Situation, CQS) Al Fu}3lk F=of 3+ F+
=9 FEFow frd  de AYA T, 3% (Panic) &
FA2=E w2 (Acute stress) 2 213t Ao FE I FAE
Tt Kote FEANVIEES ddo R FhKim, 2020
Koszelew and Wolejsza, 2018; Kim, 2018; Kim and Yim, 2016;
Inoue, 2000). E3], o]g|3k At A YEY = = 34 &
Efas @) ow AAsEE AstA7|a AR S =
7 4= lvkal Baigul Q1 tk(Simon and Corbett, 1996).

a7 TS 24 AES S m A4E FeelA 5

ek FEL 7] g TR, $FoR Qlete] yEhes
A} 2] 1k-S-(Physiological Response), 41 %] ¥ 3}(Psychological
Change), -5 % 3k(Behavioral Change)®] HE=5 F33dlo] A

2+et 5918 = (Perceived Collision Risk, PCR)Z} #<]gc}
(Kim, 2020; Kim, 2018; Kim and Yim, 2016).
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2 H3% vl JthKim, 2020; Kim, 2018; Kim and Yim, 2016).
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17bak= 1LSNM ojule] A8 o= skl
graate] Q- EA Q. <l(Personal characteristic factors)Z}t
#Este] A 3| AF7] F-(International Maritime  Organization,
IMO)®] Ao FR-AAFTH 2 FA o] 7|Fo #

O
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= A g 2F(International Convention on Standards of Training,
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H, 7| S-S AF (Competence, 3| 71AF W 3), g8 AH] =
A7+ (Seagoing service time, 5417 &), A& (Age)e] HA 87
= F5cke FET SHAE Aok FHHIMO STCW,
1978).

Ao Fdajabe] v 1A 5 2l FollA
STCWE efell 278kl flollA A% 5417 2 (On-board
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*Step 3: AlEECIH o] & 24 Il PCR S H Y
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Step 1 Setting research objective & Review previous study
)
Step 2 Review of COLREG & Hypothesis settings
1)
Step 3 | PCR measurement experiment in CQS using simulator
¥
Step 4 Measured PCR data analysis
]
Step 5 Identificatifc;:tgtsn:\r:i%z:o;’é Rp(ier:stc;«'neaIcthSaracteristic
Fig. 1. Research process chart.
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=4, 7Hd 29} 38 ATE] Astko] A (tesy = A
SFATE ttesti= 54 715 HHE F = F 2w %
Afolell -2l gk Afol7t Qli=A] o F-5 AAsh= Hl AHSH =

2 B9 & f3oln.

E‘r(Song, 2014) iﬁ Likads .0
Al 7Hgskd oA RE S v A1) ol R ETh

Y=0,+06X+..+8X, +tee~ N(Ovoz) @)

°] 0?3l At TEZ WE= o= TPYAT

By B B B AlFola gE S W X 7H 1 W)
7kl meEh S5 WS vl grel stelrh AAd AY
A7 ZAAA A AT 56 G A ATUE A
o] Ak

REek (V. X . X)Wl ok e AEe] o HlolH7b

(yy, 21, x13)5 (o, IQL...#I%),...,Q} (Y g, oo ) = EHHT
A HA AwHe Al Ak s HAxskst B 6y - By

2 FAETSSE, 2(Q2).

SSE = EE? = E (311 —BoTi— *51«%1«)2 @
i=1 i=1
FAE g7 ATFIY b b, 0= XD F o, dojHE F
3 44 39 YA v AR Ze] xddh
Y = by + b X, + .+ b X, 3)

3] AEA 2 t-testi= SPSS Statistics 22(IBM Corp., NY)E A}
|3 THIBM, 2011). A F9 T p<0.052 AT
A3 pEke] W= 094 1744 o] th(Song, 2014).
/g S48

3. 2N A2 &

A o] o] x]

245 SEA A= vA = Gl #F AT
s1
« RBR: 337.5°- 022.5°
+ Co. 180°, Sp. 10 kn
s2
000° « RBR: 022.5°- 067.5°

« Co. 225°, Sp.10 kn

S3
« RBR: 067.5° - 112.5°

25NM20 15 10 05/ 0. M 090° « Co. 270°, Sp.10 kn

sS4
* RBR: 112.5° - 157.5°
os « Co. 270°, Sp.10 kn

Co. 000°, Sp. 10 kn
Fig. 2. Relative bearing range by collision encounter situation
between OS and TS.

o] 7] 4 Nautical mileNM)S A2 SA 2 AL 51,
Z£45 = Knotkn)® S43HQTH webs RE A Al
A Aget £ TE NM(INME 1,852 m) 7 kn®. 2 %8
e

(1) 23 Si(Situation 1) 0S¢} TS7}F OSE 7|F 2.2 4
) 000°, A 25 NMEEH =E 43¢l 0.0 NM7HA] A3 10
kno| &0 v Hsks Ao ® S19 ezt WMol
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Table 1. Experimental ship characteristics

Classification Own ship Target ship
Ship type Passenger ferry Car carrier
Gross tonnage (GT) 3,100 25,400
Length (m) 112 184
Experimental speed (kn) 10 10

3.3 A|&8|0[E{(Simulator)

=4 Ao ALg¥ A& o] Bl Transas-Wartsila(Helsinki,
Finland)ol| 4] | <8l NTPRO(Navigational Simulator Navi-Trainer
Professional) 5000©]T}F. NTPRO 5000 =2 ¢o] A3 3]<l
Det Norske VeritastDNV-GL)ol| 2] 3] ¢15-% t}7]5 Aaz3
A& @ ©] Bl (Full-mission  ship-handling simulator, FMSS)©]T}.
o] Al&E | olEl= 180°¢] Alokr}t gr.H ™ #o|y, AHF X E}
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Table 2. Demographic characteristics of the participants (n=30)

Variable Classification  Participants Ratio (%)
Age 20~39 17 56.7
(years) 40~ 60 13 433
Onboard career 1~4 14 46.7
(years) 5~15 16 53.3
License rating 2~3 14 46.7
(class) 4~6 16 53.3

= LQ(KONIBP)-J *Ol(w
A3 7} F{AE Ay &

4 aeAbedel diste] AyA R ARS Ea
Fefstr] flstol AdE EoAME AEA

3.5 HRV §37(7|

HRV 37 7]7]%= uBioMacpaVital system records(uBioClip v70)
E o]&3lo] =A3s9 ) uBioClip vI0L 2] 3E o] ok ol A ]
o] FEF7PA T (1T HE KTL-AA-110168) S e &7 7]7]
2 EAE S HRY 245 Fall A diEsrEs S46HH 9
HApe] ~Edl el AN et 4 ok Ea 3 7]
715 ol&ste] Aol o] m=iol

Fig. 32 uBioClip v 70& ©]-8-3}o] ¢
)oY %

54 H2ES

Fig. 3. HRV measurement test scene using uBioClip v70 terminal.

F 3 AlAM (Sensor)E ©] &35t &7
FHAA F5 2 ALY = SE

[]
NER ABse] BASE W FHEL AIUE 557
dqkel Ay, ol9k7] Wehel H2AE EHILh HRY &

Akl @9l EE NNZHA ¥ XK(Standard deviation of
all normal to normal intervals, SDNN)E AlAtsle] AL glo 2
@9= U] ZMilli seconds, ms)©] T}

3.6 2HAYOIH T4 YA PCR SHAH

HRV 24 29< 71907 300l tiate] @7 = & 1094
AEOIE] Aol Folvk s1 AFRE s4 3G SR
AW AP AE e A Hrel BALNA FAB

o] 23AE Fotol APAAR FE, <A
25 AR A 4 FFEE DA

SAAEL 0s9 TS7h 43 Adehs Ags A=
AlEEolE S B Eel uBioClip vi0S AH&ato] <
7435ttt @ A5 717t uBioMacpa vital 2 ESJO] &
EER oFol| grol 54 wiv]o] 4%HA ErheES

Sel¥a AlgdelHE BHA HRV SAd sttt 54

297423} 7

i

p

it

1

1

- 648 -



Ak 2Rl Faae] QAR aclel A%d FEAURA MAE gl BE AT

dolH & #AFEH AFor 7= 9 AFESAT Table 3. Mean and standard deviation of HRV values measured
Fig. 4 S19 AHGHE F9$ AlFoln Fig 5& S49l in close-quarters situations (n=30, HRV unit=ms, The

e AHAHE Fdsl MEAlR o) numbers in the table are mean value, parentheses are

Fig. 4. Sample photo of PCR measurement experiments using a

simulator in S1.

Fig. 5.

Sample photo of PCR measurement experiments using a

simulator in S4.
4. PCR &84t dolg &4

41 E=x9 48YE PCR £F4t9 53 H

Table 32 0S¢} TS7F 2] 2.5NMellAl F-E] 0.0 NM71#] 9]
Aol SA% PCR 4 gkHRVEL, ©91 ms)o] F+f
(Mean)#% ¥} 33 X}(Standard Deviation, SD)E 0.5 NM2] 7+A
o= ek 7)4\‘3]‘:}
= = A7t 2AsH SA #2712
NMell A5 1.0 NM
FXal=8

standard deviation)

s Distance between two ships (NM)
2.5 2.0 1.5 1.0 0.5 0.0
s 26.40 | 27.90 | 28.53 32.22 35.34 39.04
(9.05) | (9.45) | (10.07) | (13.44) | (13.72) | (14.27)
© 29.08 | 30.15 | 30.60 34.68 36.66 39.71
(7.45) | (7.53) | (8.03) (8.36) (8.97) (8.89)
3 29.56 | 30.58 | 32.57 38.96 41.04 43.42
(5.86) | (5.90) | (6.70) (9.70) | (10.19) | (10.00)
4 32.05 | 33.58 | 3597 42.20 44.36 47.64
(8.18) | (8.29) | (8.51) (8.57) (8.38) (7.84)

Fig. 62 4433 S54%¥ %f(Mean) PCR(mPCR) #t&
Hla gk Z2ef o]t mPCR #h 712] L5 NM -7l A g
Bl 2491 L0NM TRl A 78 AA 3 F712S wolt)

50.00

+—51 =52 ——53 —< 54

45.00

@

=

o 40.00

o

Q

o

§ 35.00

@

E -
30.00 ﬁ’-'-_-_'_‘_'_'-': A :

Y R
-—

25.00

2.50 2.00 1.50 1.00 0.50 0.00
Distance (NM)

Fig. 6. Comparison graphs of mPCR values in CQS.

411 S10|A mEX 3082 PCR £F4t B Hlw

Hg%gmﬂﬁ3mmﬂmanRiﬂﬁguuwwqqa
Zefzolth(712] 1.5 NM~0.0NM). Hd2 7] 1NMe]
o] A% F414& et mPCR #h2 3‘%1 927t 7t
b ol 169 9 @27 7 B YEbseh 39 9@ A= 6
Wa7y 3 1d @] sAFE 9@ a5 SASTE

fo m{l oX _>L 2%

At Aoz velwtt 168 I PAE 45 W7
3 sAAEE odo)w A A¥EA 4 (Captain) H
o] AT EAAH W sHo] FH R ol AU &
A7 o] A2 9 A= PCR ol =A YERLL A9 |3

=l A=
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k1
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100.00

90.00

——1.5NM —&—1.0NM ——0.5NM —+—0.0NM —4HZ (1.0NM) |

80.00

70.00

60.00

50.00

40.00

mPCR values at $1

30.00 )

20.00

10.00

0.00
12345678 9101112131415161718192021222324252627282930

Number of Participants

Fig. 7. Graph showing mPCR values of 30 participants in S1.

4.1.2 S30| A IEX 3089 PCR £X™Z B H I
Fig. 82 S3914] PCR SA 7S vlwdk 13X o]tl. mPCR
e 179 AL A =3 199 9@ 7 G 17

W o9 @AE 67 W7k A3 $AF YL 3doIYT 199
YA 37 W7 3 sAAEe adeldh 24 A

Vo

wsEol AdHow shslolAy sH4He] Ae WY
A= PCR grol Al vhehbar A9l WE el A 547

ol W A= PCR grol WA vEbsTh 1 NMell A 9]

o

A3 F=AAL BH S1HT S394] PCR X7} =4 Vel
< Eele 4 gth
100
’ ——15NM ——10NM —+—05NM —=—00NM — ¥ (1.0NM)

80

mPCR values at 3

0
123 45 6 7 8 9 10111213 14 1516 17 18 19 20 21 22 23 24 25 26 27 28 29 30
Number of Participants

Fig. 8. Graph showing mPCR values of 30 participants in S3.

Y BHARE EE B 29 se] F9olE
Fig. 791 SI°|} Fig 8] S37} ALEE P4E W7 ool

BEH oD s s38 AEE AGste] J1Essie

i=]
’—T%J

Aoz vzt 3049 PCR SHS Ueld ol &
S5 Hus] B EAs Aoisute] Azl 23 sE A

S@AE FA A FheE P #98 F

L& S1olA A7 25 NME-E 0.0 NM7HA] 0.5 NM 7+

g

4.2 PCR Sdgto| gt LS8 &4

Table 4~62 #1234 2] (1) 7Hd 1< A
B IR das e Aot
a4 3010 sdE, Wsls, AFeH
S3, 84, Z17ke] A2l 0.5NMOlA ©] HRV =
= AAe3laL 23 81, 83, 849F TAI Fde Hof
5 At

g

4.21 5433 HLIt PCRO| O[X|= P&

57 (0C) W47} PCRo P A= G 3o tshe],

(1) SI(Table 4)N A} t7H-2 -2.5440]Q 01 EA 2 o7 §-ojn]
SHAl YEFSTH(p = 0.017%%).

(2) S3(Table 5)NA] t7He -2.5030] 1 01 EAH o7 foln
SHAl YEFSTH(p = 0.019%%).

(3) S4(Table 6)N A1 t7H2 -2.1660] 1 0™ EAH o7 §oln
Al VFERETH(p = 0.040%%).

7 rellA oC 8912 BT fon| g Ao Ity
TH(Table 4 ~6). <, OC W= PCROY| H-(-, negative)] 3 3k
n B2 oc7t Ao s Bow PR gujd oz 1t
& oC7F Ao s 2o pCRE AUjd oz F713
o = it wEbA S He] A2 Ak € At
g3l A PCRO] oA FE9] FAHE Fold 3o

aal=g

sy

ford ot b oo 32

4.2.2 gsjAL HEEF W47t PCRO| O[X[ & B

W3 53 WS(LR)7} PCRO| w| A= g o v s}e],

(1) S1(Table 4o A tghS -2.1030]1 o1 FSAH o= F2n|
Al VFERETH(p = 0.045% %),

(2) S3(Table 5)°1 A FHS 3.1150] 0 EA Ao 2 §-on
SHAl LFEFRETH(p = 0.004***),

(3) SA(Table 6)ol| 4] 17+ 2.6460] 9109 FA| oz Soju]
Al VFERETH(p = 0.014%%).

ek (D), Q9 32 TESIE 714 oA IR 8391%
o g Ao 2 YEFTHTable 4~6). <5, LR 2915 A
PCRO| H-(-, negative)®] &S WA B2 aA} HE 5T 0]

aF91Ql Ak Sl FellAb ok o %2 PCR @l W
i) mitel SEe] AR sobd Ao qdd

o)
poS
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Table 4. Multiple regression analysis results in S1 for hypothesis

Qaglo] A2

DV \Y% SE B t-value  p-value T
PCR Constant 9.507 - 5238 0.000
in S1
D05 1j
( License | cor 0362 -2.103  0.045%  0.562
NM), rating
n=30
Onboard ) 513 (498 2544  0.017%% 0435
career
Age 0243 0072 0471 0642  0.704

R=.753, R* =567, Adjusted R>=.517, F=11.353,
p=000, Durbin - Watson=2.527

DV=dependent variable, V=variable, SE=standardized error,
B=beta value, T=tolerance. *p <0.1, **p <0.05, ***p<0.01

Table 5. Multiple regression analysis results in S3 for hypothesis

DV \Y% SE B t-value  p-value T
PCR  Constant 6917 - 8072  0.000
in S3
D05 1j
( License 1 o1 0478 3115 0.004%* 0562
NM), rating
n=30
Onboard ) 173 0436 2503 0.019% 0435
career
Age 0177 0052 0383 0705 0704
R=810, R =656, Adjusted R*=617, F=16.556,

p=-000, Durbin - Watson=1.214

DV=dependent variable, V=variable, SE=standardized error,
B=beta value, T=tolerance. *p <0.1, **p <0.05, ***p<0.01

Table 6. Multiple regression analysis results in S4 for hypothesis

& %9

ol mA]

fr

G ol w3 AT

ofj
il
ry

4.2.3 @FHSIt PCRO| O[X[E &

9 x1e] AH(Age) HFE SI, S3, S49l4 BF p gho] &
Aoz frefulshA] e Th(7Ht p=0.642, 0.705, 0.101).
g 7H 1ol AF 8912 7]7HE 9l TH(Table 4~ 6).

43 QX @old £ & ZF PCR 4te |oln|gt xjo| H|x

A234] «2) 7H 2& HF3H7] 918kl 0CoF LRERIS
ez Zhzto A g2 EA T 2% 7F PCR 39 #ol=
Hlasl7] 9135k 7 A (T-test) S AAEHAT SHH S )
#3078 9] OC, LRoI™ F-< == S13} 83, 72| 1.0 NM}
0.5NMell 4] HRV SA4%ks HE=E A3

() OC M OC 44 ol3} I1FS ATF(ATFE<44), 5
d o] OFS BIAFBILE>5I)0E FRIH

() LR A= A5 F 2~3 55 CLE(Class 2~3)2
2, 4~6 5FS Dl-f(Class 4~6)0.2 FE3A

l

o]71H OCE 49S 7]F 08 TR o] &= Mubz oM
A3 A 53%9 2oﬂ oshH Yok e g o g Fh=

q9&
TET S00E o] Ao el 2w FafAatEe] W E
Az = =T 1L,600% o] e e
2xd¢)o] 7] o] E}(Enforcement decree of the ship personnel
act, 2017). B3, LRSS 3% 7|l Z 23 AL dgHA
gste EQek 35 G WAAS o] Foixy )

o)tk

7:1&17] 7}0] 41/3( Z

4.3.1 s H0M F e of-20&F 7+ xto[H[
OC £.9le] PCROl P A& G3F3} #=iste] OC 7]3be] A

S OFALF <4 Be IFBLEF=5) 7 2ol S H

WEl7] 95t AL 4338k A= Table 73 7o)

Table 7. T-test results for two groups (S1, S3), with different OCs

DV A% SE B tvalue  p-value T ) Mean Std. deviation
Classifi- T P
PCR ; cation ~ A=4y B=5y
iTg,  Comstant 7.903 8.189  0.000 14y (i A=Y B=Sy
(D05 License S1
- _ sk .

NM),  rating 0.622 -0.410 -2.646  0.014**  0.562 osNM 4268 2870 13.044 5351 3933 001%*
n=30

Onboard ) y0c 0361 -2166 0.040%* 0435 8L, 3843 2636 13906 5834 3175 .004%*

career 1.ONM

Age 0.198 -0.292 -1.700 0.101 0.704 OSSi;M 46.18  36.40  9.980 6.955 3.147 .004%***

R=.652, =425, Adjusted R*=.359, F=6.402, S3,

p=002, Durbln Watson=1.454 LONM 4388 3422 9515 6135 3.347  .002%**

DV=dependent variable, V=variable, SE=standardized error,
B= beta value, T=tolerance. *p<0.1, **p <0.05, ***p<0.01

y=year, *p < 0.1, #p < 0.05, ***p < 0.01

- 651 -



A, StellAl Z+zE 0.5NME 1.0NM oA 9] pgk2 Zhzt
p=0.001%** p=0.004***2 FJm&7A Yelwt} 0.5NM
ol Al 155 A9 B PCR #2 ZH2h 42,683 287022 547
g 43 o]kl 1F A2 PCR #kol 33l A YElETH

=74, S3ME TYT S BT =, 0.5NMT 1L.ONM
o] pEt= GA] FomEtdon, 0.5 NMl Al A1E 2] PCR #
L 46.18% BILE PCR #¢l 36.400 H|sle] 433 =7
Y ERSL T

T AT FFOE ATTFOIA PCR #ho] ©] A UER
7] Wil dajAbe] S E o] A& PCR #tol o] E)
el Ao R HrbEc weba A23de] M e &
ojust Aoz w3}

432 H5ga HEoAM &5t OF 7+ xto| Hlw

LRHF7} 911 LF(CLE: 2~3w)¥ 3h9lQl 2&(DL
i 4~69) {F PCR #t¢] ztol& Hluwstaizt 345 3
3} TH(Table 8). S1°A41, 0.5 NMZ}F 1.0NM ol A 2] pzta ZHzt
0.006***3} 0.004*** = o] &} A YERRETE. A 0.5 NMd|
A, 1% C9 D2 PCR -2 717} 29.099) 40.60°.% LR 4~6
w<¢l I35 DO PCR #to] © =A YERTh S3AE 5
g o R YEbwth webA Al 2379 A 372 fo]
Ao g 1% At

l“

rot

Table 8. T-test results for two groups (S1, S3), with different LRs

Mean Std. deviation
Classifi- C D C D T
cation class  class  class  class p
2~3 4~6 2~3 4~6
@®=14) (0=16)
Sl skkok
0.5 NM 29.09 40.60 6.745 12960 -2.985 .006
S1 2554  37.64 6517 12829 -3.182  .004***
LONM . . . . . .
83 3444  46.67 5380 9.095 -4396 .000%**
0.5NM . . . . . .
83 32.63 44.07 4.883 8765 -4323 .000%**
LONM . . . . . .

y=year, *p<0.1, **p<0.05, ***p<0.01
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Fig. 99} 10 Table 73} 8ol Ao} o] Q1A EA W<l OC
¢} LRe] PCRY| WA= FEFE Ao w el Aol A
|21 53 gk

(1) AvF 7+ A= 1.5NM ool
F kel £92 10kn o] ot

Q) TS S1(000°422.57), S2(045°+22.57), S3(090°+22.5°),
S4(135°+22.57) 0] o}

(3) COLREG Rule 14 (Head-on situation)2} 15 (Crossing situation)
7} A&t

TS9] dol&= 184m,

Fig. 99} 102 A Z 2 S1ol4 Azl 1NM % 05NMEY o
OC¢ LRO|] PCRell WA= 3 olsfal7] 4% =40
2 Yepdl Aojth #4143 v 7] 294G E% A

3 IS BV "ol MER S19 YERIUL

Fig. 994, OC<4(mPCR value 3843)°]71} LR<4~6
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ResultA
Mean PCR value significantly
increased
» 0C=4,mPCR=38.43
» LR=4-6, nPCR=37.64

Result B
Mean PCR value did not
significantly increase
» OCz5, mPCR=26.36
» LR22-3, mMPCR=25.54

Fig. 9. Influence of OC and LR on PCR in CQS (S1, D=1.0 NM).

cas
(81, D=0.5)

YES NO
ResultC Result D
Mean PCR value significantly Mean PCR value did not
increased significantly increase

* 0C=4, mPCR=42.68
* LR=4-6, nPCR=40.60

+ OC25, mPCR=28.70
* LR22-3, nPCR=29.09

Fig. 10. Influence of OC and LR on PCR in CQS (S1, D=0.5 NM).
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2 91 (Perceived collision risk factors)S 73 ] 3¢

73 FEAARA VA Gl BA AT

ol 27449 BA71ES Aol G At =
29 & QAo B ATNAE /AT SN G
o A% AMEH a0l FEPE WAL JGF A
Batgdrks PolA 998 Fax Fh,

Table 9. Summary of experimental results: Perceived collision risk

factors

Collision risk factors Experimental results

Onboard
career

0C<4 years, PCR 1

Negative (-) OC=>5 years, PCR |

Influence of

the *PC of

the Navigator
on PCR

LR<1~3 class, PCR |
LR>4~6 class, PCR 1

License

rating Negative (-)

No

Age significance

* PC: Personal characteristics
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[ 5]

PCR measured values by distance interval of 30 participants in
S1(n=30, HRV unit=ms)

No, 25 2.0 1.5 1.0 0.5 0.0
NM NM  NM NM  NM NM

1 2009 2108 2224 2475 2773 33.00
2 2767 2916 3179 3509 3632  38.19
35772 6059 6841 8838 9453  96.70
4 1530 1583 1668  17.16 2838  40.38
5 2392 2436 2554 3284 3476  37.38
6 3086 3168 3234 3809 4335  46.82
7 2035 2577 2475 1961 2762 5025
8 1779 2016 1946 2001 2479  21.67
9 3526 3581 3776 4261 4391 4472
10 1905 1970 2039 2096 2330  27.65
11 3589 3583 3643 4132 4478 526l
12 2630 2331 2371 3706 3850  38.89
13 2876 3160 3163 3214 3692  40.52
14 1812 1903 1998 2109 2199  23.15
15 2225 2607 2916 3253 3218  34.8
16 1217 1484 1626 2053 2819  28.49
17 3237 3314 3416 4508  47.17  49.95
18 29.66  29.69 3039 3536 3801  41.22
19 2666 4129 2772 2591 2830  34.00
20 2294 2338 2513 2887 3079  34.37
21 1715 1745 1823 1875 2044  22.04
22 2130 2158 2233 2463 2587  26.64
23 2960 3083 3210 3510 3602  38.89
24 1897 1922 1948  21.87 2220  24.00
25 3224 3284 3478 3871 45838  53.07
26 37.64 3796 3846  39.15 4085 4246
27 2531 2583 2693 3563 3876  41.90
28 3740 3785 3806 4009 4290  47.74
29 2969 3087 3002 3136 3206  33.98
30 1962 2021 21.63 2205 2381 2636
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