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A Study on Development of Decision Making Support
Model for Efficient Vessel Traffic Service

Park, Sang Won

Department of Navigation Science
Graduate School of Korea Maritime and Ocean University

Abstract

The purpose of this study is to propose a quantitative standard to provide
decision making supporting so that a VTS operator can provide optimal
information for efficient maritime traffic control.

To achieve this purpose, the following research questions were posed;

First, under what circumstances should a VTS operator begin control?
Second, is there any way to effectively use a VHF communication channel
to avoid congestion?

Third, is there any way to use efficient waterways in the situation where
safety is guaranteed?

Fourth, can't a VTS operator quickly identify vessel failures?

To respond to these questions, three types of data (marine traffic surveys,

VHF communication, and marine accidents) were investigated and analyzed.
The findings of this study are as follows;

First, the Busan North Port VHF communication analysis confirmed that the
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probability of controlling vessels with a risk level of 5.0 or higher by the
PARK model per unit time in the VTS area was based on the poisson
distribution. Through this, it was possible to predict the time interval for
controlling a vessel at future risk 5.0, which can help a VTS operator to
decide the timing of the time communication. In addition, a relatively
dangerous zone could be derived by performing spatial analysis and the
PARK model risk assessment using marine traffic survey data near Busan
New Port. This can assist a VTS operator in making decisions about when

to communicate spatially.

Second, a quantitative analysis of VHF communication status in the Busan
North Port was conducted using queuing theory and three ways to reduce
traffic congestion for safe and efficient maritime traffic management. The
queue theory consists of the increase of communication channels, the
elimination of passing reports, and the reduction of basic ship traffic

information.

Third, as a basic step to design the minimum speed for efficient operation
of the route in VTS areas, the impact on the waiting time of the ship to
approach the route when the minimum speed was limited was analyzed.
Performed the simulation designed using the data from the Busan North Port,
the results showed that latency and speed limit had a negative relationship.
In other words, the higher the speed limit, the lower the waiting time. In
addition, the positive relationships were identified not only between safety

distance and waiting time but also between traffic volume and waiting time.

Forth, based on the AIS data of the actual accident ship, a model was
designed in order to identify the accidents of not under command ships
including engine failure and steering failure that occur most frequently in
Korea's waters. In addition, it was applied to the Busan North Port VTS
area, and the ratio of the current speed to the average speed was the most

important factor in determining/identifying the failure. However, it was
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difficult to distinguish ships in anchorages, docks, and pilot station, therefore
further studies should be conducted.

The result of this study will help VTS operators decide quantitatively and
ship operator also will be provided with the same service under the same
circumstances. Moreover, as this study aimed at the port VTS, if the
consecutive study includes the coastal VTS, it can be developed into a

model that can cover the entire sea area of Korea.

KEY WORDS : VTS, Marine traffic, VIS communication, Risk analysis, Decision

making support

Xi
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Table 1 Concept of decision making support for VTS
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(2) 14:007}A] 4943F, F 7TLZHA68AIZE) F4+aF VTS #A4+<9 & VHF
A 129(EARS Zw)o] wAl P8-S e, BU3 A7) Muke] AlS
ARE TRt fduns AT=E AT

@A AHE @A Al DCPA, TCPA 31 A®h 2he] 29874 FRE wWol AH83
oL dARHLee et al, 2015), o= Adub o] 7Ad, £9, J=e] 245 ]8T}
of Yehd gholth. spAIRE, Aduk@da= Adute] 27, =9-3H, FHMY 534

g8 7H4] Y= Fried FoA Eyete] AA| °4°P°H S ga)lst=
A== o=z "Eo]A PARK(The Potential Assessment

o] &3tz gt} o] R Ml TR, =, Aupdo], Adxt

o
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oot

Y
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r
f

of Risk) =&-&

= 7 2 A
A, egAe] A4, AF, B8 ¢ nelsted A%e 9YEE Jen)
ol A2 %W

Risk=15.081905+(T,+ T,+ L,+ W, + C;+ L+ P;)
+(0.002517L+ C; + S, + Hi/o+ 5, — 0.004930.5, — 0.430710.D)
o714, T, : own ship's type factor
T¢ : own ship's ton (GT) factor
L¢ : own ship's length (m) factor
Wt : own ship's width factor (m)
Ct : own ship operator's career factor

L¢ : own ship operator's license factor
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Ps : own ship operator's position factor

L : target ship's LOA (m)

Cr : approaching crossing factor of target ship
St : approaching side factor of target ship
Hi/o : in/out harbor factor of own ship

S, : speed (kt) factor between ships

Sq : speed (kt) difference between ships

D : distance between ships (NM)

Table 2 Number of communication via VHF Ch.12 for 7days

(931 : 7)
WA 2] . . . _

o Ship—VTS &% | VIS—Ship &% | Avt 7+ &% B2

=
193} 739 143 93 975
294 702 132 102 936
393} 787 149 118 1,054
4L A} 553 99 62 714
59} 641 172 88 901
62t 847 135 130 1,112
792k 853 167 98 1,118
A 5,122 997 691 6,810
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Table 5 Number of vessel's communication contents via VHF Ch.12 for 7days
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Table 6 Chi-square test for validation of the poisson distribution on VTS
control (N=84)

= 71 A%k A=k A5 (p)
0 4743 52
1 27.10 23
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Table 7 Chi-square test for validation of the poisson distribution for daytime
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Table 8 Chi-square test for validation of the poisson distribution on VTS
monitoring (N=84)

5 71 A %k #HS5H A& Y2 (p)
0 61.90 52
1 29.76 25
2 3.57 (8.33) 3(7) 1 233
' : (0.11)
3 3.57 (0) 3 (0)
4 1.19 (0) 1 (0)
*p>.05
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Table 10 VTS AX] @wvte] Mu d&=3} S A SFT4tR B vk &
oA 1w A ~=(Port Management Information System, Port-MIS) X} & &83to
Uebd Zlolth BAC m=H, f-ejuete] VISZE 2x8 3Nk £ vt =3

of g Be e FAFo|UT BAFE AW 59z A& g BE 4

—

o] AEF 3 ALm AENOH, BAAdS EosiA A3 1 109,225

Table 10 Number of inbound/outbound vessel of VTS installed ports by year

(9] - )
A= 2014 2015 2016 2017 2018 Bt
FAka) 79,547 80,463 82,710 81,891 76,610 80,244
FAR2 g 15,831 17,624 17,487 17,796 18,206 28,981
k) 35,363 37,560 37,407 36,215 31,351 35,579
e 18,591 19,383 19,924 19,442 18,829 19,234
%l 528 914 524 534 360 572
L 8,447 8,081 7,961 8,525 8,053 8,213
o2k 14,346 15,070 15,957 14,548 14,334 14,851
el 8,745 8,539 8,022 6,963 6,830 7,820
=X 19,157 19,040 17,344 16,987 16,960 17,898
4= 2,962 3,517 3,849 4,086 3,774 3,638
o - B 12,695 12,579 15,091 14,775 14,465 13,921
z3 13,984 13,452 13,606 12,908 12,902 13,370
uh4k 14,350 15,849 16,151 12,334 10,465 13,830
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Figure 11 Traffic zone divided by the characteristics of traffic flow
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S, A mEge] EFUAE AvEw, 179 2813, 279 1823, 379

1%, 479 4041502 47%0] e —T—Oﬂoﬂ us) EEARTE A A
LEF] W] = AL & & Ytk A BEFe] BFUAE AWRA, 1
79 59.63, 279 57.6%, 379 154.74 4:rL°ﬂ 22405 082 AMultwFFa &
t}. 53], 5-114 Alzkei7}

A3
T2 AZtdel ws) AutmEEe 6.5u), L34 wnEFe 281 & o=
J

Table 11 The number of ships and L* conversion traffic per Iminute in zone

(24 : %)
Az 1749 2749 379 179 PR
00-014] 24.8 114 11.2 27.2 18.65
(74.5) (36.7) (95.1) (23.2) (57.38)
01-024] 30.0 20.8 20.6 24.0 23.85
(77.9) (103.3) (124.0) (32.3) (84.38)
02-03/] 60.2 29.6 22.8 4.6 29.30
(231.1D (217.4) (191.0) (7.D (161.65)
03-04] 45.0 20.0 22.0 29.6 29.15
(162.9) (123.5) (218.0) 27.8) (133.05)
04-054] 139.4 89.4 361.6 495.8 271.55
(108.6) (96.8) (580.3) (411.7) (299.35)
05-06/] 122.0 61.0 324.4 1211.0 429.60
(295.4) (279.4) (572.0) (728.7) (468.88)
06-0741 50.4 23.2 150.8 1161.4 346.45
(29.4) (72.4) (463.9) (651.4) (304.27)
07-084] 45.2 36.0 140.2 1073.2 323.65
(190.1D (166.4) (145.9) (566.4) (267.20)
08-09] 37.8 16.4 105.4 835.4 248.75
(133.6) (77.8) (396.2) (460.1) (266.93)
09-104] 55.8 40.2 151.0 821.6 267.15
(135.6) (202.7) (292.1) (452.0) (270.60)
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(a9l : 2)

A3 179 279 379 179 B
10-114] 61.4 56.8 140.0 362.2 155.10
(103.7 (55.1) (103.7) (195.7) (114.55)
11-124] 49.8 29.0 129.0 1214 82.30
(115.3) (143.0) (249.1) (66.6) (143.50)
19-134] 67.2 53.6 55.2 144.4 80.10
(185.2) (148.6) (227.9) (211.9) (193.40)
13-147] 41.6 31.2 30.6 70.8 43.55
(97.5) (129.0) (221.3) (33.5) (120.33)
14-15] 52.0 334 28.2 115.6 57.30
(144.6) (93.0) (140.8) (108.6) (121.75)
15-164 36.6 33.2 51.4 1444 66.40
(118.6) (134.7) (184.4) (168.2) (151.48)
16-174 44.6 35.8 68.8 124.6 68.45
(141.6) (133.2) (265.1) (73.9) (153.45)
17-18 32.8 34.8 7.2 60.8 51.40
(40.0) (57.0) 92.3) (18.7) (52.00)
18-194 60.0 38.4 65.8 52.8 54.25
(100.1) (96.9) (263.2) (87.8) (137.00)
19-20] 46.6 18.8 9.2 38.4 28.25
(89.0) 92.7) (28.5) (41.D (62.83)
20-214] 38.0 28.4 22.4 62.0 37.70
(96.4) (40.9) (58.2) (255.4) (112.73)
91-224] 24.8 Ji 9.0 38.0 21.25
(66.5) (95.1) (64.4) (32.2) (64.55)
99934 25.6 15.2 114 184 17.65
(144.3) (81.9) (43.1) (43.6) (78.22)
93-244] 16.0 12.2 9.2 8.0 11.35
(81.0) (95.2) (117.4) 7.7 (75.33)
e 50.3 32.6 84.1 293.6
= (123.4) (115.5) (214.1D (196.1)
g2aa 28.1 18.2 94.1 404.1
(59.6) (57.6) (154.7) (224.0)
Fo()eke M mEERE
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Table 12 The number of ships per unit area(km®)

(29l © #/km?)

174 27 379 479 B
A2t 104k Gad) Wi Ak e
00-014] 2.38 1.28 0.28 0.40 1.09
(7.17) (4.12) (2.37) 0.34) (3.50)
01-02] 2.88 2.34 0.51 0.35 1.52
(7.49) 11.61) (3.08) 0.47) (5.66)
02-034] 5.79 3938 0.57 0.07 2.44
(22.22) (24.43) (4.75) 0.10) (12.88)
03-044] 4.33 2.25 0.55 0.43 1.89
(15.66) (13.89) (5.42) 0.41) (8.84)
04-054] 13.40 10.04 9.00 7.25 9.92
(10.44) (10.88) (14.44) (6.02) (10.45)
05-064] 11.73 6.85 8.07 17.70 11.09
(28.41) (31.40) (14.23) (10.65) 21.17)
06-07] 4.85 2.61 3.75 16.98 7.05
(2.82) 8.13) (11.54) 9.52) (8.00)
07-08] 4.35 4.04 3.49 15.69 6.89
(18.28) (18.70) (3.63) (8.28) 12.22)
08-094] 3.63 1.84 2.62 12.21 5.08
(12.84) (8.74) (9.85) 6.73) (9.54)
09-104] 5.37 4.52 3.76 12.01 6.42
(13.04) (22.78) (7.27) (6.61) (12.43)
10-114] 5.90 6.38 3.48 5.30 5.27
9.97) 6.19) 2.58) (2.86) (5.40)
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(29l : H/km?)

17 27 374 47 _
Az 104km) G o) o) G Ak B
11-124 479 3.26 3.21 177 3.26
(11.09) (16.07) (6.20) 0.97) (8.58)
12134 6.46 6.02 1.37 2.11 3.99
(17.81) (16.69) (.67) (3.10) (10.82)
13-14] 4.00 351 0.76 1.04 2.33
9.37) (14.50) (.51) (0.49) (7.47)
L4-15A] 5.00 3.75 0.70 1.69 2.79
(13.91) (10.45) (3.50) (1.59) (7.36)
15-16] 3.52 3.73 1.28 211 2.66
(11.40) (15.13) (4.59) (2.46) (8.40)
16-174 4.29 4.02 171 1.82 2.96
(13.61) (14.96) (6.59) (1.08) (9.06)
17-187 3.15 3.91 1.92 0.89 2.47
(3.85) (6.41) (2.30) 0.27) (3.21)
18-197] 5.77 431 1.64 0.77 312
9.62) (10.89) (6.55) (1.28) (7.09)
19207 4.48 211 0.23 0.56 1.85
(8.55) (10.41) 0.7D) (0.60) (.07)
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(9.26) (4.60) (1.45) (3.73) (4.76)
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(6.40) (10.68) (1.60) 0.47) 4.79)
2-237] 2.46 171 0.28 0.27 118
(13.87) (9.20) (1.07) (0.64) (6.20)
23-24] 1.54 137 0.23 0.12 0.82
(7.79) (10.70) (2.92) 0.11) (5.38)
. 4.84 3.66 2.09 4.29
- (11.87) (12.98) (5.33) 2.87)
[ 2.70 2.04 2.34 5.91
o (5.73) (6.47) (3.85) 3.27)
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Table 13 Percentage of ships with risk level 5 or higher in each zone

(&9l : %)
A7) 179 274 379 174 B
6.45 0.00 10.71 5.15 5.58
00-01A]
(0.00) (0.00) (0.00) (0.00) (0.00)
01-02A] 19.33 11.54 5.83 0.83 9.38
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Azl 174 27 37 47 B3
(0.00) (0.00) (0.00) (0.00) (0.00)
20.27 18.92 35.09 0.00 18.57

02-03A]
(4.98) (1.35) (2.63) (0.00) (2.24)
20.00 32.00 18.18 4.73 18.73

03-04A4]
(0.44) (0.00) (1.82) (0.68) 0.74)
36.59 40.27 50.00 55.02 45.47

04-05A4]
(0.00) (0.45) 0.39) (0.40) 0.3D
43.61 33.11 48.64 66.74 48.03

05-06A]
(1.15) 1.97) 0.12) 0.15) (0.85)
26.98 25.00 46.29 67.73 41.50

06-07A]
(0.00) (6.17) (1.59) (0.05) 1.70)
24.78 11.67 43.51 57.73 34.42

07-08A]
(3.10) (0.56) (0.00) (0.00) 0.92)
11.11 6.10 30.93 62.22 27.59

08-09A4]
(5.29) (0.00) (0.00) (0.38) (1.42)
13.98 17.91 31.26 51.17 28.58

09-10A4]
(2.15) (1.00) (1.59) (0.05) 1.20)
17.26 17.96 21.57 40.81 24.40

10-114]
(0.65) (0.00) 0.29) (0.00) 0.24)
22.49 29.66 26.51 13.01 22.92

11-12A]
(4.82) (0.00) 0.16) (0.00) 1.25)
16.96 11.94 18.12 18.84 16.47

12-13A]
(4.46) (0.00) (0.00) (1.52) (1.50)
14.90 8.33 24.18 8.76 14.04

13-14A7]
(0.00) (0.00) (0.00) (0.00) (0.00)
13.08 10.78 19.15 12.11 13.78

14-154]
(1.54) (4.19 0.7D 0.17) (1.65)
29.51 20.48 17.90 19.39 21.82

15-16A]
(3.28) (0.60) 0.39 (0.00) 1.07)
16-17A] 16.14 27.93 24.42 14.29 20.70
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0.00) 0.00) 0.00) 0.00) 0,00
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(1.33) 0.52) 0.61) 0.00) 0.62)
27.90 19.15 8.70 2.60 14.59

19-20A4]
172 0.00) 0.00) 0.00) 0.43)
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20-21A
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0.00) 0,00 8.89) (11.05) (4.99)
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0,00 (1.32) (.75 (5.43) 213
5.00 1475 19.57 0.00 9.83

23-24 X
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Table 14 Marine accident around Busan new port VTS area (collision)

A

A9

VIS

1 | ’06.06.05 05:50

B9 3B= 018 48x%
=7 1285 478 13%

@59} 2eold

R
A9 ZE

2 | ’06.10.18 04:50

B9 3% 012 00
=7 1285 568 00%

H29] 35% 032 0=

3 '07.6.27 05:40 e zol SEMF EEo] ojMe] 2=
7 108% 4n saz | S oo SEAR £ cidlel §
B9 3BT 0% 06% | o9lal FARMz B Fo] W sEAo] =
4 | °07.09.30 17:10
=7 128% 538 0z | =
: 59 3% 59% 46 | ddAe FAF 2H4dr] F odo] FE, o
5 | ’09.09.16 03:50 AR x| A

6 | ’10.03.23 06:00

59 4% 58% 48=%
57 128% 58% 00=

7 | ’10.07.07 03:25

B9 3= 588 55%
57

128% 50% 54=

59 U= 578 24%

8 | '11.06.02 03:50 Aol YA T} AEALuM0] S5
=74 128% 518 072 — ) 1%
B9l 34T 57 0%
9 | ’15.12.21 08:10 Azt 25
=7 128% 488 00 * =
2o 35T 002 002 ]
10 | ’17.03.18 03:22 oAz mul 29l HEMHo| 2=
£ 1% 538 00z | o el Aol 5
B9 4% 597 21x% N
11 | ’17.04.04 18:48 2N ZE
=7 1285 485 0% FEdd =
B9 4% 55% 39x% N
12 | ’17.07.21 08:18 delxz oA 7+ 25
E7 128% 458 37 12149 o °©
A2 : o Qkobm Al Ehe
Figure 162 ZALE AL YA E sll=o ZTAISE 28|t 179 B
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1) 23 ¢t 2719 WS+ At YRS 9ojgt
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Figure 16 Position of collision accident around Busan new port VTS area
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Table 15 Analysis result by factor

T8 179 279 37 479

@A g A =3 /km?) 4.84 3.66 2.09 4.29

(7 3t 1% (11.87) (12.98) (5.33) (2.87)

AP= 5014 HlE (%) 19.55 14.75 24.26 22.65

$IE= 6014 (1.99) (0.98) (0.92) (0.83)

ﬂi:lz:leﬂ;_;ir %) 32.2 27.3 55.8 77.6

S FA A 27 14 34 61
vt #@nk gl dAbe o] AutuEebdd a8 SRy fs ©
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(@/y/2) + (u/v/w)
o 7]A, z : Arrival distribution
y : service time(or departures) distribution
z : number of paralled servers (z=1,2, .... , ™)
u : service discipline
v : maximum number allowed in system (v=1,2, .... , )

w : size of calling source (w=1,2, .... , )

SRR E e} AH|2AZTo] FolFg IRl A M
ZF-ke] A=z (Erlang distribution of order-k)¢]

_?_
K 29A5¥E: HEZ E/19th 191 54 22 Jejrt molx &

Service 72> FCFS(First come, first served), LCFS(Last come, first served),
SIRO(Service in random order), SRT(Shortest Processing Time), GD(General
Service Discipline)2 T##Th £ AFolAs AATFY U AA w4lS M/G/1
23, FCFS 1+ A& g tHRobert, 1977).
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Sector 2

Figure 19 Study area (Busan port)
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Listen to VHF Confirm Data

classification

communication Playback
(Real time) record (2"d)

Data output

Figure 20 VHF communication data analysis process
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Table 19 World wide speed limit on approaching routes
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(a) 0~5kt (b) 5~10kt (C) 10~15kt

Figure 43 Vessel speed distribution in Busan North VTS area (0~15kt)
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Figure 44 Vessel speed distribution in Busan North VTS area (15~30kt)
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Table 23 Case of arrival interval is earlier than service time (10 ships/h)

G )
kA 4L bHAE 6L bHAE 11L
ARl 5 12 157
3kt A 0 6 145
5kt A 0 10 153
7kt A 0 6 116

2
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Table 24 Case of arrival interval is earlier than service time (15 ships/h)
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71N vEtdl= solth. kA 27}?1% = ti7IAZte] Aot LY
A FE FAAYL W HA AFEH] S5 7ol dolRth
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Table 25 Average waiting time (5 ships/h)

(&9 B
kA 4L kA 6L kA 1L
A= 0.16 0.41 1.81
3kt Al 0.15 0.38 1.76
5kt 1Al 0.15 0.38 171
7kt Al 0.14 0.36 1.60

Table 262 143 AdHte] 103 AT A5 A e} Aol WE B+

H7IAe dEls Eolth kA7 27}??__} = 7IATe] Aot
gla s HAARL W HA AREH| F4= t7]AIRbe] FrobHth

Table 26 Average waiting time (10 ships/h)

CLER)
kA 4L kA 6L kA 1L
A el 0.36 1.07 6.52
3kt Al 0.35 1.02 6.46
5kt A 0.33 0.94 5.53
Tkt A 0.28 0.77 3.96

Table 272 1A%k Addke] 163 @A A9 @A} Aol we B

7ML Ul Eolth kA7 27}?‘3L = 7IAZEe] Aot
il T AL o HA AREHo] F4F tr|AIREe] grobHt.
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Table 27 Average waiting time (15 ships/h)

(&9 B
kA 4L kA 6L kA 1L
A= 0.72 2.54 13.86
3kt Al 0.66 2.37 13.12
5kt 1Al 0.58 1.98 11.29
7kt Al 0.50 1.63 9.73

Figure 50& &8 A &35 Yeld= 8= o|th
e dHAYTE AR A, AgbE AupdA) #H v g

et
b
o

=

=
=]

o
=

Al wE t7lA

T WFFo] &

TE =

FY5S g7lATte] AolAE AL ¢+ Ak dAARE FARFR B
W, HAAYY} A4S 12T LEF] BesE A &3 adn ¢ 4
A

0 ? ‘r “7 :’ T ? 777? ;; 0 N;‘iﬁk:i 5k‘7\77;.l\

(a) Safe distance 4L (b) Safe distance 6L (c) Safe distance 11L
Figure 50 Effect of speed limit

@ AR E T EHAS

71N g Sbd g, SE9A, SFE, AT PR AEFHA
820 sty fs8 Avgle EHE IJAEAS AP 819 HEE =
ol7] fJ&l Q¥ E ZI3lE o, Table 282 3| AEXN S ZyE el +=
Folt}
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Table 28 regression analysis result

Ayl 1 At Q. 2 Ay L 3
SHkE < () 0.1995%** 0.17547*** 0.1549%**
<54 (kt) -0.0599*** -0.0606*** -0.0575%**
EH/= (H/A7D 0.03647***
kA (m) 0007+
F) 1. ’HANE Afs BESE ALl
2. wxx, wx, w2 Z12E1%, 5%, 10% £Z01M SAXCZ |olgt

Aol 7| A FARA A Fo] FABAE BAoH, i
7F 1.5% ~ 1.9% 57 A9 di7IAIbS 10% 57 z‘s}—t« Ao Yyt &
TAE 7N R 59 FRAAE ]

S WIINEE 1% Zaste AoE Vel E@EQ} 71 AIZEe kel A
IAE BIor, EZFEIF 3% 7S A5 7N 1% SUlske Zo=
ettt iAo 2 kA e 7| A ko] FHEAAE RAoH, bH
A7 0.7% 748 BS 7N 1% S7H8ke A o2 UEgTh

0.1995 —0.0599spd
g =e Scon; 599spd,; (18)

A7NA, gy, - AT L 1o WE AT (B)
con, : AL 1o whE kAL ()

spd, + AUE L 19 & 544 (kb

AUl 20 mE t7IARES e Hor 2l o .

0.1754con, — 0.0606spd, + 0.0364busy, (19)

Yo
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AZNA, yy ¢ AL 20 TE 7] AR (G
con, 1 AU L 20 & SHAEE S (H)
spdy, + AUEl L 20 mE S5 A (kD)

busy, : AHE L 20 g % (H/A3D)

AUl L 3o mE t7IAREE Hgd] Aor 2dE o U

0.1549con; — 0.0575spd; + 0.007dist.
g, = 180 s : 20)

A7NA, y, ¢ AL 3o W 7| AR ()
cony : AE L 3o whE FHAbH S ()
spdy @ Aug] 2 3] whE &= A (ki)
dist; - AL 3o @2 HAL (m)

=, S A t7Azke] 2AaRle, SHAZE AdsE thr] Aol

h ]
FoEes AL HAST & I

3

rr

1893 I AT FIHE USSR 2018)0] wEm, HZ 537 YA
T 219874 vt WA HSE y)Zo g W HF 246574 AT Table
295 Auts 2 gib] oAl B A g BAAFEE el E Fo|t

At BRI ASE 2014d oiv] 201549 58.0%% & o m Zylglon, X
& Z7 } Zo|t}, vaxdfrz 2014'd ohH] 2015 50.0%= = Z oz Z7}glo
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Table 29 Marine accidents for 5 years

- 2014 2015 2016 2017 2018 Bt

s =2 49A) 77,730 76,500 76,152 75,815 - -
3l AL A X =(B) 1,565 2,362 2,549 2,882 2,968 2,465
WA s - 90.9% 7.9% 13.1% 3.0% 18.7%
3 FAF A A 1,330 2,101 2,307 2,582 2,671 2,198
AT & - 98.0% 9.8% 11.9% 3.4% 20.8%

&l A A E(B/A) 2.01% 3.09% 3.35% 3.80% - -

RE ¢ YRR, 20184 SHYAID Y

FALE AL FFREE FEStd, Z@ERe] 5 HeE 698WBLTIR =
g itk Table 302 s YAt E+

=
2014 thE] 20159 Abal A=rt oF 2vjold F

Table 30 Marine accident types

A= B T g P i T e I i B I PR
e z e | Aa | 22 | Ae | 2w
2014 180 19 96 35 97 19 339 | 113 | 205 - - 227 11,330
2015 235 28 84 32 100 31 703 144 331 - - 413 | 2,101
2016 209 23 137 49 113 27 755 | 131 | 390 - - 473 12,309
2017 258 25 149 65 96 29 838 160 311 131 - 520 | 2,582
2018 250 20 142 46 119 38 856 | 162 | 278 155 80 525 |2,671
4t 226 23 121 45 105 28 698 142 303 143 80 431 |2,198

YA E AHKEA, &0 6,580 VM gkern, 73

=
R =
£4o] A9 A<Eo] 31657, Fo] 116702 HA Ak s F 99.9%= 7
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18 49 Zos Uehdth oA BelA e AP FoIA 71

st ST AR E X A & 5 Yk
Qe ABATE At dEFor e @ YTE EFd BATY

oA AT, AunEY AV BES PaASH o=

o d 7FsAol ok

Yang Z et al.(2013)> A =/MA % St S 7|fre 2 Au f5s Fe 2y
Y3t EAZQ FH2EHE AEFPY. 18 A EAJ(Length, Beam)ol u}
gt Aubs AdE g5 FEHE ERst AuY F2AdS A58+ e
23S ¢ gt o2 Y3 k-mean o] &< 7|¥k o & Naive Bayesian #7F 9
2o wet vk F3 eSS BRI R 2de REHEY I9e 9T
sk Aol A goto, Sulds HSAH

AlS Database

Extract
Training data

Tralnlng

Machine Learning ™
Model

A2 28 5019

Figure 51 Concept diagram of ship movement anomaly detection model
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2GR EFFAY =S 73 st . B4
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M\

- 7R A 7] - B F(classification erronE A & Y d(risk)e] =AY BAA

3 FE7FL 7R 1 Q= 7FA|(branch)E A A ko).
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ARG YF= st UFTFEE ol Fa e wHode)stal EEl= T

d 2SR o] FoA A FHEmHdA ol 3k Zrnty (leafnode)= 7he 4

< fr¥sty 1 42 FAROE F¥I/bEEH AR o8 ErdEe] 22 &R/
HE FE AR 4 Eride A2 & 270 98 1 E7E UeET
o

oAEA el vir FF 2 49e e ok

Sy

Ll

Table 31

Table 31 Decision tree node

s A
ejniy
(Root node)
A2t
(Child node)
F oy
(Parent node)

s Zk rE7]e] 2o fAstal Qe miHEH d(Leah)oldtal s 3,
(Terminal node) | A= € w9 /g &/ 120 445 A
shte] mioEEE Euit7zba] dZ2" 9] wihgES Yvlsid,
ol 71X E o]F: Y& virlel HAFE Zoldepth)e} dv, 71X
9 Zlole gy

Uz} AEE res AA AR o £l

shbel mhteRE 2ol Uzk F ) olgel viEe ojnd

Aririe] FeiuitE ofng

7FA|
(Branch)

(3) AARUT Ao AH 2 A

JARAE Z1W el A .
SR el BHR) A8 B4 D ARE G delan 49

L
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39 oled Fude Eo B ATl Agsts o 4Agy
oA 4 A ¥ 4
5 A%A Holge] tAAE B Ax SR BA

Bk 7ol A838t7] 917 stgTlolE = AAl vt sfel Ty A
71#3% 51 2ebEA] ARaLe] AIS HIOlHE ol &3t 1Eal 7)ol mE &
S HiAEH7] H8l s E7E Az a3t o Al HolEE o] &3t

32+ 71HZI FEPFAIAIL 89F7E oM, Figure 52+ Abal AdHhe]
A4S Yetith

Table 32 Not under command accident

e Az 34 W&
1 2014.2.18 15:55 2y MM AS ZEMAX DA
2 2014.5.4 17:20 <3 AM BE 7| BEAA
3 2014.5.8 11:30 Ef et FAAAN CE 71 BEA
4 2014.10.26 13:12 Al AMN DE 7)BERAA
5 2014.5.10 08:50 S AN EE 7| BEAALA
6 2014.5.20 12:21 A G24 F3 7|3
7 2014.5.21 08:28 A 5 24 Ga 7| BAEAA
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© Normal ® Normal
\\‘.’/ ® Failure o Failure

Figure 52 Not under command ship trajectory
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Figure 53 Scatter plot and correlation coefficient for explanatory variable
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percentage
p<0.001

=0.886 >0.886

speed_diff_2min
p <0001

=08 >0
1 a

percentage
p=0019

=093 >093

.8
= Node 2 (n = 42 P Node 5 (n=7) 1 s Node 6 (n=176) \m_?m‘ﬁ) 4
08 — 08 — 08 08
06 — 06 — 06 06
04 04 — 04 04
02 — 02 — 02 02
- o= 0

Figure 54 Decision tree result (Case 1)

Table 34+= Case 1 =89 d=& Yel+= Folt) Case 1 =82 True 84

A = 844, False 184 = 184 =% FH =3}

Table 34 Confusion matrix using decision tree (Case 1)

True(el=) False(¢] =)
True(AA) 84 0
False(2 #) 0 18
o] 5 A =(Precision), ¥ &Recall), A& =(Accuracy), Fall-oute. & y+H,
oo A3 Zoh
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P

Precision =~ 0 @D
Recall = %\[ (22)
Accuracy = 7o 5;3: gﬁr TN @3
Fall—out(FPR) = % (24)

o714, TP : True Positive (AA] Truedl AES Truedtal o =)
FP : False Positive (2 A False¢! AES Truegty o)
FN : False Negative (24 True?l J&< Falseztal o|=)

TN : True Negative (A A False?l A S Falsezta o)

Case 19 A=+ Truettal &/ A Fol 24 Trued| Hl&S JERH,
oA =do] Truedtal o553 A9 HIE&0]
M, 1 #2 lojth. A& S True ¥RE olyeg} Falseol #3F AMSIE 31 3)A]
o, I Z lojt}. Fall-out2 4 A False

—
o
v
2
gk
o
rlo
>
2
,ﬂ
—

[

D

o
o)
oy

Figure 55 4

278
g ‘%ﬂi}%(l%’ﬂ), &

&g in @448 peed) p-valuert 0.001ETh Zpol zjElm glom,

10.6ktE 7102 ZAAY S 4% Node2Z doj7t F™d|olE A 3771 0]
Z2FTESCE ERHFAAT 10.6ktERTY 2 Fe= SHHSSQCEA) 0.8kt= &
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Fotm, 0.7ktE Tt & A5 FolA dAEHo| 14.5ktolstd = oF 80% HIE&=E
Z2FEs WEE 9 a8l £E9AsEQ2E)0] 0.8ktR T A AY e A
o= £HMISQEAE Hlwdte] 0.5kt o)A o) 20% WLE v #ES
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Node 6 (n=12) 1 G Node9(n=12) < oq
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Figure 55 Decision tree result (Case 2)
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Table 35 Confusion matrix using decision tree (Case 2)
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