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A Study on the Analysis of Dynamic Navigation Pattern
of Maritime Traffic Based on Spatial Coordinates for

Ensuring Safety of Fairway

Kim, Jong Kwan

Department of Navigation Science

The Graduate School of Korea Maritime and Ocean University

Abstract

Rapid economic growth of Korea has made the trade very actively between
nations, and as the result, shipping volume and ship traffic have also
increased. Port facilities are also being continuously expanded to
accommodate this increasing volume of traffic. However, there is a limit
to the expansion of maritime traffic facilities in comparison with the
increase in traffic volume of ships inbound toward ports or outbound from
ports. As the result, the risk of marine accidents on the route was
increased. The navigating conditions of the vessels on the route have been
difficult so systematic safety improvement measures such as improvement

of the route are needed.

The previous studies were mainly focused on finding the normal
distribution, optimal probability distribution, and navigation route of

the vessel using the plane coordinates. There is not enough a research on
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the navigation pattern of the route using spatial coordinates.

This study was carried out traffic investigation for analysis of traffic
pattern on traffic route such as Busan north port No.1 route, Gadeok—sudo
and Ongdo route with AIS and GICOMS for 3 days. Each ship's size of passing

the each route was divided into a small, medium and large one.

[t was carried out the analysis method based on the plane coordinates
such as optimal probability distribution and M)-A=S which are carried out
previous study based on traffic investigation data. The optimal
distribution on each 10 gate line and the total or average of 10 gate lines
were analyzed. It was difficult to find a representative distribution on
route as the results. In particular, the normal distribution is an optimal
distribution only 1 to 2% of the total. There is a problem in
understanding the navigation pattern on the route by using the optimal
probability distribution. MD-A=S analysis was carried out. The result of
the AD analysis, the large vessel has satisfied normal distribution at all
cases, medium one has satisfied normal distribution in one-way route
only, and small one has not satisfied normal distribution. As a result of
the A analysis, it was analyzed that the one-way route vessels have
traffic pattern that uses wide rage on traffic route, but the two—way
route vessels have the traffic pattern only focuses on a certain
portion of the route. As a result of the S analysis, it was analyzed
that the one-way route vessels have traffic pattern that uses a normal
traffic pattern following the center line but, the two-way route
vessels have the traffic pattern that shifted to the right side the
route. The AMD-A-S analysis is easy to apply the route as only one
probability distribution and gate line as well as easy to understand
roughly each navigation pattern. However, it cannot be applied to a

route where it is difficult to apply the normal distribution and there
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1s a problem for understanding navigation patterns.

This study applied spatial coordinate, not plane coordinate which is
previous analysis. A new dynamic navigation pattern has been developed
to represent spatial coordinates. The movement pattern of the maritime
traffic in the route is divided into the expanded pattern, the wedged
pattern and the symmetric pattern. Those three patterns are
specifically divided into the slash pattern, the backslash pattern and
the straight pattern. And the speed pattern is classified into an

acceleration section, fixed speed section and a deceleration section.

The results of applying the dynamic navigation pattern to three

routes are as follows.

Case 1 - The movement pattern of Busan north port No. 1 route was
analyzed as symmetrical slash pattern. When the vessel is inbound
toward port, the speed pattern of the small vessel was decelerated at
the end of the route and the other vessels were analyzed as the fixed
speed section. When the vessel is outbound from the port, all vessels
were accelerated at the start of the route. And then the small and
medium one were analyzed as the fixed speed section, but the large one

was analyzed as deceleration section at the end of the route.

Case 2 - The movement pattern of Busan new port Gadeok-sudo was
analyzed by the wedged backslash pattern for inbound port and the
expanded backslash pattern for outbound port. When the vessel 1is
inbound toward port, the large vessel was analyzed as acceleration
section at the start of the route. The others were analyzed as fixed

speed section.

Case 3 — The movement pattern of Ongdo route was analyzed by the

wedged straight pattern for inbound port and the expanded backslash

XiX
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pattern for outbound port. All cases for speed patterns were analyzed

as the fixed speed section through the route.

To ensure the safety of fairway, it was analyzed the relationship
between the analyzed dynamic navigation pattern and the occurrence
point of the marine accidents. As a result of the analysis, marine
accidents occurred in wedged-pattern's gathering area or
expanded-pattern's starting area being concentrated maritime traffic.
Also, in the case of speed pattern, it occurs in a area where the speed

1s accelerated or decelerated.

In order to prevent and reduce the marine accidents on the route, the
Caution area shall be set for the certain area of the route where the
navigation pattern appears. It is considered appropriate that all
vessels passing through this area strictly comply with the navigation
laws prescribed by the relevant laws and vessels shall be navigated
with extreme caution. In addition, it is appropriate to conduct
intensive and active traffic control for the relevant area by the

Vessel Traffic Service Center.

However, this study i1s limited to three main routes in Korea.
Research is needed to develop a model of the traffic pattern and

various dynamic traffic pattern models in the future.

KEY WORDS : Traffic route, Dynamic navigation pattern, Maritime traffic,
Spatial Coordinates, Safety of fairway
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Table 1 Details of traffic survey of three traffic route

Traffic route Source Survey period 155 Strat
route route
Busan north AIS | 2018 01 25 ~ 0L 27. | No Yes
port No.1
Gadeok-sudo AIS 2017. 06. 29.~ 07. 01 Yes Yes
Ongdo GICOMS | 2014. 01. 23. ~ 01. 25. Yes No
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Table 2 Type of vessel for inbound at Busan north port No. 1

Unit : number(%)

Type of vessel | Small vessel Medium vessel Large vessel
Tanker 48.5 (41%) 10.9 (20%) 0 (0%)
Passenger 15.2 (13%) 7.3 (13%) 0 (0%)
vessel
Cargo ship 0 (0%) 34.5 (63%) 5.5 (95%)
Govvzrszzem 1.8 (2%) 0 (0%) 0 (0%)
Tugboat 26.4 (22%) 0 (0%) 0 (0%)
Pilot boat 18.4 (16%) 0 (0%) 0 (0%)
Fishing boat 1.6 (1%) 1.9 (3%) 0 (0%)
Other 5.8 (5%) 0 (0%) 0.3 (5%)
Total 117.7 (100%) 54.6 (100%) 5.8 (100%)
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Table 3 Number of vessel for inbound at Busan north port No. 1 for 3 days

Unit : number

. 1st day 2nd day 3rd day

fime Small | Medum | Large | Small | Medum | Large | Small | Medum | Large
00~01| 1.2 0.2 0 0.7 2.4 0 1.4 0.7 0
01~02 | 1.1 0.4 0 1 0 0 0.1 0
02~03 | 2.3 14 0 2.2 0.4 0 0.2 0 0
03~04 | 3.2 09 | 1.2 0 1.2 1.2 0
4~05| 0.6 0.6 0 0 1 0 0
05~06 | 0.5 2.8 0 1.9 0.8 0 0.3 0.6 0
06~07 | 0.7 0 1.6 2.4 0.3 | 1.2 1.3 0
07~08 | 0.7 0 1.9 0 0 1 0.9 0
08~09 | 1.2 0 14 1 0 3.5 0.3 0.2
09~10 | 4.6 1.6 0 1.1 0 0 1.4 14 0
10~11 | 1.7 1.1 0 0.6 0 0 2.6 0 0
11~12 | 1.8 1.8 0 2 2 0.7 | 2.7 0.9 0
12~13| 2 1.2 0 14 L7 J 1.2 0.2 0
13~14| 14 0.2 0 2.9 0 0 2.2 0.3 0
14~15| 1 0 14 1.3 1 1.4 0.4 0
15~16 | 1.7 0.9 1 1.5 0 1.8 0.6 0
16~17 | 2.5 0.3 0 1.7 0 0 1.9 0.3 0
17~18 | 1.2 1 0 5.4 2.1 0 4.9 1 0
18~19 | 1.2 1.6 0 0.9 14 0 3.4 0.7 0
1920 | 2.1 0.3 0 2 14 0 1.1 11 0
20~21| 3.3 0 0 3.1 0.8 0 0.7 0.3 0
21~22 | 1 14 0 1.5 0.5 0 1.2 0.3 0
22~23 | 2 0 0 14 0.5 0 0.5 1.3 0
23~24 | 1.9 0.3 0 0.5 1.6 0 1.6 0.1 0.2
Ave. | 1.7 0.7 0.1 | 16 0.9 0.1 | 16 0.6 0.0
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Fig. 16 Type of vessel for outbound at Busan north port No. 1

Table 4 Type of vessel for outbound at Busan north port No. 1

Unit : number(%)

Type of vessel Small vessel Medium vessel Large vessel
Tanker 45.7 (40%) 15.9 (23%) 0 (0%)
Passenger 16.4 (14%) 7.4 (11%) 0 (0%)
vessel
Cargo ship 0 (0%) 41.8 (61%) 8 (100%)
Govveezzem 0.3 (0%) 0 (0%) 0 (0%)
Tugboat 20.3 (18%) 1.2 2%) 0 (0%)
Pilot boat 25 (22%) 0 (0%) 0 (0%)
Fishing boat 1.5 (%) 0.9 (1%) 0 (0%)
Other 5.2 (5%) 1 (1%) 0 (0%)
Total 114.4 (100%) 68.2 (0%) 8 (100%)
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Table 5 Number of vessel for outbound at Busan north port No. 1 for 3 days

Unit : number

Collection @ kmou

. 1st day 2nd day 3rd day
fime Small | Medum | Large | Small | Medum | Large | Small | Medum | Large
00~01| 0.1 0 0 0.2 1.5 0 0 0.1 0
01~02 | 1 0.4 1 0.5 1 0 2 0 0
02~03 | 0.7 1.4 0 0.4 0 0 1 0.8 0
03~04 | 1.1 1.6 0 0.1 0.4 0 0.1 1.6 0
04~05 | 3.8 1.1 0 0 0 0 0.9 1.5 1
05~06 | 2.1 0.8 0 0.7 1.5 0 0.4 0.5 0
06~07 | 2.7 2 0 0.6 0.6 0 2.8 14 1
07~08 | 2.7 2 0 0.9 0 4.1 1.1 0
08~09 | 5.9 0.6 0 1.6 0 0 4.4 1.2 | 0.1
09~10 | 3 1.2 0 2.9 0.4 0 3.4 0.5 | 0.7
10~11| 2.3 14 0 1.9 0 0.2 1 0.8 0
11~12 | 2.2 0.4 0 2.4 1.9 15 | 3.7 0.3 0
12~13 | 1.4 1 0 ol 0.5 0 2.6 0.1 0
13~14 | 1.1 1 0 0.5 0.5 0 0.9 2 0
14~15| 2.1 0.7 0 Ze) 1.5 0 3.8 0 0
15~16 | 1.1 2.4 0 0.7 1 0 1.1 0.5 0
16~17 | 2.1 0.4 0 14 1.5 0 1.5 2.8 0
17~18 | 3.1 0.7 1.8 | 2.7 1.5 0 1.7 0 0
1819 | 1.2 0 04 | 15 1.3 0 0.4 2.9 0
19~20 | 0.3 1 0 0.3 1.8 0 1 0.2 0
20~21| 04 1.8 0 1.5 0.7 0 1.4 0 0
21~22 | 0.2 2 0 0.6 1 0 2.1 2 0
22~23 | 3 1.9 0 14 1.9 0 1.4 0.9 0
2324 1 1.1 0 2.5 0 0.3 | 14 1.5 0
Ave. | 1.9 1.1 | 01 | 12 09 | 0.1 | 18 10 | 0.1
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Table 6 Type of vessel for inbound at Gadeok-sudo

Unit : number(%)

Type of vessel Small vessel Medium vessel Large vessel
Tanker 8.4 (12%) 4.5 (12%) 0.9 (3%)
Cargo ship 0.2 (0%) 31.5 (86%) 30 (97%)
Go‘ferszzem 0.6 (1%) 0 (0%) 0 (0%)
Tugboat 15.4 (21%) 0 (0%) 0 (0%)
Pilot boat 34.2 (47%) 0 (0%) 0 (0%)
Fishing boat 12.7 (18%) 0 (0%) 0 (0%)
Other 0.9 1%) 0.8 2%) 0 (0%)

Total 72.4 (100%) 36.8 (100%) 30.9 (100%)
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Table 7 Number of vessel for inbound at Gadeok-sudo for 3 days

Unit : number

. 1st day 2nd day 3rd day
fime Small | Medum | Large | Small | Medum | Large | Small | Medum | Large
00~01 | 1.7 1.3 0 0.1 0.2 0 0 0 0.1
01~02| 0 0.3 0 0 0.8 0 0.4 0 0
02~03| 0 0 0.1 0 0 0 0 0 0
03~04 | 3.2 1.9 19 | 0.7 0.7 0 2.3 0 1.6
04~05 | 1.5 1.1 0 0 0 0 0.9 0.8 0
05~06 | 1.9 24 0 0 0.1 | 3.7 19 | 23
06~07 | 2.1 14 | 0.2 0 0 0 1.1 0 0.6
07~08 | 0.5 05 | 0.8 0 0 0 0 3 0
08~09 | 1 0.1 | 05 0 0 0 0.7 0.5 0
09~10 | 3.6 1.9 14 0 0 0 0.6 0
10~11 | 1.4 1.7 0 0 0 0 1.6 19 | 04
11~12 | 0.8 0.2 0 0 0 0 2.8 0.2 1.5
12~13 | 1.2 0 0 0 0 0 0.6 1.8 0
13~14 | 1.1 0 0 0 0 3 0
14~15| 0.3 15 | 01 0 0 0 2.8 0.7 | 0.1
15~16 | 0.9 12 | 0.9 0 0 0 2.8 1 0.9
16~17 | 1.6 0 0.2 0 0 0 0.6 09 | 0.1
17~18 | 2.5 14 | 238 0 0 0 1.7 0 2.3
18~19 | 0.6 0.5 0 0 0 0 0.9 0 0.3
1920 | 1.4 0.3 | 28 | 08 0 0 2.6 1 0.7
20~21| 0.6 0 0.2 | 02 0.1 | 0.7 | 29 0 0
21~22 | 24 0.9 0 1 0.8 13 | 11 0.9 0
22~23 | 0.8 0 0.3 0 0 0 0.4 0.6 0
2324 | 15 0 0.7 | 16 0 1 1.7 0.4 1
Ave. | 14 0.8 | 0.6 | 02 01 | 0.1 | 15 0.7 | 0.6
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Fig. 27 Type of vessel for outbound at Gadeok-sudo

Table 8 Type of vessel for outbound at Gadeok-sudo

Unit : number(%)

Type of vessel |  Small vessel Medium vessel Large vessel
Tanker 10 (14%) 5.5 (15%) 1 (4%)

Cargo ship 0.2 (0%) 29.7 (79%) 19.4 (87%)
Govveezzgem 1.9 (3%) 0 (0% 1 (4%)
Tugboat 20.3 (29%) 2.6 (7%) 0 (0%)
Pilot boat 18.3 (27%) 0 (0%) 0 (0%)
Fishing boat 17.2 (25%) 0 (0%) 0 (0%)
Other 1.1 2%) 0 (0%) 0.9 (4%)

Total 69.0 (100%) 37.8 (100%) 22.3 (100%)
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Table 9 Number of vessel for outbound at Gadeok-sudo for 3 days

Unit : number

. 1st day 2nd day 3rd day
fime Small | Medum | Large | Small | Medum | Large | Small | Medum | Large
00~01| O 0.6 0 0.2 0.9 0 0 0 0.1
01~02| 0 0 0 0.7 0.1 1 0 0
02~03 | 1.1 0.9 1.2 0 0 0 0.3 0 0
03~04 | 0.2 0.1 | 0.8 | 0.7 0.9 1 2.4 0 0.2
04~05 | 0.9 1 0 0 0 0 6.2 0 0
0506 | 1.4 16 | 0.6 0 0 0 1.8 0 0
06~07 | 0.9 0 1.4 0 0 0 0.3 0 0
07~08 | 0.9 0 14 0 0 0 1.6 0 0
08~09 | 0.2 1 0 0 0 0 2.7 0 0
09~10| 04 0 0 0 0 0 2.2 0 0
10~11 | 2.4 0 0 0 0 0 2.1 0.6 | 0.2
1~12| 1 0 0 0.1 0 0 0.7 1 0
12~13 | 09 0.5 0 0 0 0 1.1 2 1
13~14 | 7.2 31 | 07 0 0 0 1.2 0 2
14~15| 3.2 3 1.2 0 0 0 0.9 1 1
15~16 | 0.6 1.2 0 0 0 0 2.6 1 0
16~17 | 1.4 2 0 0 0 0 0.6 1 0.6
17~18 | 2.6 0.6 1 0 0 0 0.8 2 0.4
18~19 | 0.2 0.6 | 0.1 0 0 0 2.6 0 0
19~20 | 2.4 0.5 | 2.2 0 0.7 0 0.2 0 0
20211 19 0 0 0.7 0.3 0 0 1.9 1
21~22 | 0.9 3.9 0 0.4 1 0 1.8 2 0
22~23 | 1 1 0 1 0 0 0.7 0 1
2324 0 0 0 1.1 0 1 0.3 1 1.6
Ave. | 1.3 09 | 04 | 02 02 | 0.1 | 14 0.6 | 04
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Table 10 Type of vessel for inbound at Ongdo route

Unit : number(%)

Type of vessel

Small vessel

Medium vessel

Large vessel

Tanker 3.1 (48%) 22.3 (28%) 6.4 (32%)
Paj;::jer 0 (0%) 2.2 (3%) 0 (0%)
Cargo ship 0.7 (11%) 54.8 (68%) 12.8 (63%)

Tugboat 0 (0%) 0.3 (0%) 0 (O0%)
Fishing boat 1.3 (20%) 0.2 (0%) 0 (%)

Other 1.3 (20%) 1 (1%) 1 5%

Total 6.4 (100%) 80.8 (100%) | 202 (100%)
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Table 11 Number of vessel for inbound at Ongdo route for 3 days

Unit : number

. 1st day 2nd day 3rd day
fime Small | Medum | Large | Small | Medum | Large | Small | Medum | Large
00~01| O 1.5 0 0 0 0 0 1.3 0
01~02| 0 2.4 0 0 1.8 0 0.5 2 0
02~03| 0 1 0.4 0 2.3 0 0.2 3 0
03~04| O 21 | 05 0 4.8 | 0.3 | 0.2 1.1 1
04~05| O 19 | 0.5 0 18 | 0.7 | 0.7 24 | 1.2
05406 | O 22 | 08 0 12 | 03 0 1.2 | 05
06~07 | O 0.8 | 2.2 0 0 0.7 0 31 | 03
07~08 | 0 0.8 | 22 0 0 2.7 0 0.6 | 0.6
08~09| O 1 0 0.2 1 0.2 0 0.3 | 04
09~10| O 3.1 0 0.1 1 0 0 04 | 0.2
10~11| 0 2.4 0 0 0.5 1 0 0.9 0
11~12 | 0.2 0.9 0 0.7 0 0 0.7 0
12~13| 0 1.4 0 0 0.9 0 0 0.7 0
13~14 | 0.2 0.9 0 0.1 0.1 0 0 2 0
14~15| 0.5 0.1 0 0 0.7 0 0 1.3 0
15~16 | 0.2 0.7 0 0 09 | 04 0 1.1 0
16~17 | 0.8 0.6 0 0 04 | 04 0 1.7 0
17~18 | 0.2 1.3 0 0 1 0.5 0 0.2 0
18~19 | 0.1 2.4 1 0 0.7 | 15 0 1 0
1920 0 0 0 0.1 0.1 0.2 0.2 0
20021 O 1.3 0 0.8 0 0 0 0.4 0
21~22 | 0.7 0.7 | 05 0 1 0.6 0 0 0
22~23 1 0.3 1 0 0 0.4 0 0.2 0
2324 0 1 0 0 0 0 0 0.8 | 04
Ave. | 0.1 13 | 03 | 0.1 09 | 04 | 01 1.1 | 0.2
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Table 12 Type of vessel for outbound at Ongdo route

Unit : number(%)

Type of vessel

Small vessel

Medium vessel

Large vessel

Tanker 3.7 (50%) 21.2 (36%) 4.3 (28%)
Passenger vessel 0.8 (11%) 0.2 (0%) 11 (71%)
Cargo ship 0 (0%) 35.1 (60%) 0 (0%)
Tugboat 0.1 0%) 0 (0%) 0 (0%)
Fishing boat 2.3 (31%) 1 2%) 0 (0%)
Other 0.5 (7%) 1 2%) 0.2 (1%)
Total 7.4 (100%) 58.5 (100%) 15.5 (100%)
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Table 13 Number of vessel for outbound at Ongdo route for 3 days

Unit : number

. 1st day 2nd day 3rd day
fime Small | Medum | Large | Small | Medum | Large | Small | Medum | Large
00~01| 0.1 1.3 | 0.1 0 0 0.8 0 0.4 0
01~02| 0 0.2 0 0 16 | 0.2 0 0 0
02~03| 0 1.5 0 0 1.8 0 0 1.9 0
03~04| O 0.9 0 0 0.1 0 0 1.6 0
04~05| O 0.5 0 0 0.9 0 0 0.8 0
05406 | O 0.1 0 0 0.5 0 0 0.2 0
06~07 | O 2.6 0 0 2.4 0 0 0 0
07~08 | 0 2.6 0 0.6 0.1 0 0.1 0 0
08~09 | 0.1 1.2 0 1.1 0 0.3 | 0.7 0 0
09~10 | 0.1 1.1 0 0.3 0 0.7 | 0.1 1 0.3
10~11| 0.2 2.5 0 0.2 0.4 | 05 [ 01 0 0.7
11~12| 0 1.5 0 0 Ung 14 | 0.2 1.3 0
12~13| 0 1.7 0 0.1 1.8 1.7 | 0.9 0.2 | 0.9
13~14| O 2.4 0 0.1 0.9 0 0.3 1.5 1
14~15| 0 14 0 0 0 0.6 | 0.2 0.7 0
15161 0 1 0 0 1 0.4 | 0.2 0.2 0
16~17| 0.1 0 0 0 0 0.1 0.7 0
17~18 | 0.3 0 0 0 1.7 1 09 | 01 0.3 0
18~19 | 0.1 0.9 0 0 0.9 1 0 0 0
1920 0 0.1 0 0 1.1 1 0 0.6 0
20021 0 0 0 0 0.5 1 0 14 0
21~22| 0 2.4 0 0 0 0.5 1 14 0
22~23| 0 0.3 0 0 1.1 0 1.7 0
2324 0 0 0 0 0 0.5 0 0.9 0
Ave. | 0.0 11 | 00 | 0.1 0.7 | 05 | 0.2 0.7 | 0.1
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32 7 HEETE o]&W YWY 24

321 FEEELY ol

ERSSIEE R = o] Qtk HEEITE HEMW4o)
PyE 342 el Aoz A%3ENS 2o teke 4 (o] Ayed
f(x)>0,f Fla)de =1 1)

A B A= ddnEe FAHES E4517] st 7P wol A
8ot 9 GEEXE ALESIGT B dAFoA A &5 dY gE Eyx=
t}&- 7 ZthMathwave, 2017a).

1) 7 A& (Bounded Distribution)

Fig. 433 #Zo] A& &R T +3to| [a, b2 A HE 5 AR
FZ(Bounded Distribution)g}aL ket E AFo|Aq ALt AAE L=

¥ (Beta Distribution) &<&9l2=8]&22Johnson SB Distribution), Y&
(Uniform Distribution), 3 E¥¥(Pert Distribution), 7 &3 $t4=1 Z(Power

Function Distribution) = o]t}
2) ¥4 A &<4(Unbounded Distribution)

Fig. 449} o] A&SEREY Fto| [-73t) +F3 ] S5 vIAA
23 (Unbounded Distribution)2tal ket B Ao A9 v AAZ

] ¥ *(Cauchy Distribution), <2 2F&3(Error Distribution), HWHAEXE
(Gumbell Min. Distribution), &<&ol 23 (Johnson SU Distribution), 2}&
g}~ & 3 (Laplace Distribution), 23] 2~€ £ 3 (Logistic Distribution), g
(Normal Distribution), &=+ A7 E&Z(Hyperbolic Secant Distribution) &

ol tt.
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Table 14&= & AGoA A&3 @ dEEXO FEUEIFE e

7 o] tH(Mathwave, 2017b).

Table 14 Single probability distribution adopting this study

Type of single
probability Probability density function
distribution
B 1 (x_a)(ylfl(b_x)azfl
Beta flz)= Blopay)  (p_a) o !
ak(x;r)/)afl
Burr flz) —
B+ (T )
B
Cauchy f(w)z(ﬂo(lJr(x;M)Q))_l
ak(aj;f}/)akfl
Dagum flz)= 5
5(1+(u)w)k+l
B
s,
Erlang flz)= W%p(—(@’—’}’)/ﬂ)
Error flz)=c0 texp(—leyal)
: ~ _ V@=)/8+ vB/(a—7) 1, [z— 3
Fatigue Life | f(z)= 72a(x_v) SEAR o (- /6,7 7=
_g /3 a+1 o ﬂ «
Frechet flz)= 5(1'_’7) exp( (x_v) )
_ a—1
Gamma flx) %exp(—(x—’y)/ﬂ)
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Gen. Extreme Leap(—(14+k2) ) (14 k2) "V k=0
' fla)=117
value %ea:p(—z—exp(—z)) k=0
_ Nka—1
Gen. Gamma flz)= %ewp(—((x—v)/ﬂ)k)
(1—1—]-6,2)7171/1C
k=0
Gen. Logistic flz)= o(1+(1+k2)" ) :
' exp(—2) L0
o(1+exp(—2))*
i(1+k—(‘”_“>_1_w k=0
Gen. pareto o =0 _U
iexp( M) k=0
g g
Gumbell Min Fla)= %expu— exp(2))
(z—p)
sech(ﬂ )
Hypersecant Fla) = 2020
; A Ao —vy—p)?
Inv. Gaussian flx)= S — exp(— ﬁ)
Johnson SB flz)= X 27rj(1_z) exp(—%(wréln( 1iz))2)
Johnson SU | f(z)= /\\/Q_f/ﬁ 6$p(—%(7+61n(z+ Z+1))?
T z
Laplace fla) = %exp(— Nz — pl)
Log Gamma flz)= %ew(—ln (z)/p)
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Log Logistic

Collection @ kmou

Log normal o) = P o
/@) (x—y)ov2r
_ — 1 1n(33)_’7 a—1 ln(gv)—’y
Log-pearson3 flz)= JAT@) ( 5 ) ( 5 )
. exp(—2)
Logistic fla) = (1t o~ 2)
_Llzmpy
Normal A= exp( 2( o y)
o2
Pearson5 flz)= Bﬁg;(—(fi(j);%l)ﬂ
| (z—yp/8)™ "
Pearson6 f(z) B Blarag) (e —1)/5)
o = (z—a)" '(b—z)""
Pert Blayay) (b_a)a1+a271
Power Function flz)= a(z):?;l
Uniform flz)= gg:z
Wakeby 2(F)=(+ %(1—(1—1?)*9)— L1-(1-F))
Weibull = S e (= (55
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322 FEEXY AAAE AR ¥

UM AHE SERE T FEAAY FYPRES 7P Z VEbd FEEX
£ A3t S5t g2 AFA A (Goodness of Fit)e

A&tk 2 AAo= gkl o g Fho) A #(Chi squared, ©]8 yHAA,

Fnyz > 2n:3Z(Kolmogorov Smirnov, ©JsF KSAA, duis E¥

(Anderson Darling, ¢l AD)ZZ o] Ath

D x* AA

X AL A (9 2ol tlolE 9] Al wet ko] AFo® Wra, #5
W3 Z1"ige] Aol =E nlasks Wy o t(Wikipedia, 2018a).

1 X . k X
X2:Zfijzz 2 \\\ )

& BEgro] AUgkIA i Pe) "ol 9lerE dofut A
gkl A "old AEE (@Eg-IIUWeR 7T 5 9w, of
AT @Sg-7I 0Pl Bk mebd gl 4L4E 4H FERE
b ol g ot % AFstarks A ofd
wkgol] \* RS 2 kel T Zlggre] 5ol Hlojof e, smh 2o

2
W F90) TIHES Asteld ANHEE AP BRORHY o
N
=
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3) AD A4

AD A& KS AR st Ag AAWES ALt 2 D9 2o
(Wikipedia, 2018c).

5= 32 (Pa) + (1 Fla, ) 0
i=1

o 7]A,

5, AD %

AD AAoNM = S| grol 2= 7R FEE XV Bt ¢ & A9 A
< vt} o|FA ALE S7F 7ol E oF 7PEE AD ARG 21 7
ZE =, ol 7HAE SEREVE A dolgdl AgsA s AS o7

€ H Fode=H KS HAo] 7HAAL 9l

<A
o] FAE B Zlolth

webq Aol A 2 2 KS Ao BAE Bee AD AHL o8
stol oAl Ha FARES TIAh
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323 tggEe) 4 SERT B4

WY A4 FELE BHL FAHEE ol§3tel RS B2
3x

1070e] BIEAE 717t BASAY 107)e] BFEA] FAE ol gake] o

3 = MathwaveAl2] EasyFit 32 73] Version 5.6 Professional &
Fom, AA ARgH 3271 FEEE HAIA77] Yok 2o
=g 10709 BEAS] FA FARE FRE 2079 F2ETAS 17

BlsIAom, B4 A% AP 92 EASGT B 29 F 49 3

oo B
2
_l {
it

Probability Density Function
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0.12- §
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= ] ™~
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11— ——
o=
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X
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Table 15 Goodness of fit result of 3rd gate line for inbound of small
vessel at Busan north port No.l1 route

Distributions S, Ranking
Wakeby 0.17835 1
Gen. Logistic 0.35576 2
Gen. Gamma 0.53531 3
Weibull 0.85872 4
Gumbell Min 0.68729 5
Dagum 1.6706 6
Cauchy 1.9458 7
Log-Logistic 1.9730 8
Beta 2.8456 9
Hypersecant 2.9361 10
Error 2.9804 11
Logistic 3.0152 12
Laplace 3.1932 13
Fatigue Life 3.5783 14
Pert 3.5904 15
Normal 3.5910 16
Inv. Gaussian 3.6034 17
Burr 3.7517 18
Log normal 3.8129 19
Power Function 3.8420 20
Erlang 4.4712 21
Gamma 4.6690 22
Pearson 6 5.5566 23
Log Gamma 13.222 24
Johnson SB 13.462 25
Pearson 5 16.914 26
Gen. Extreme value 19.851 27
Frechet 20.518 28
Log-pearson3 36.020 29
Uniform 37.611 30
Gen. pareto 49.069 31
Johnson SU No fit 32
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T4k 53 AldE+ Table 16004 He= viel o] QoA AL
Wakeby3t7F, <3842 Gen. logistic g7}, t1&412 Johnson SB &7} #
 BEXSE B EOH, Table 1794 B vle} o] EdA= 284
& Burre} Log logistic $F<=7}, 58413 @Al o A= Wakebysh7F 7 &
Z3rE FAHAT

BAE A8 7Y ex T2 5 Table 18014 B Hle} o] dghoA] 43
A2 Dagum, Error 2 Johnson SB $+47}, T8 412 Gen. Extreme value %
, 32 Wakeby 3571 H& Bx3lrs 2459 0w Table 1990 A
£ kel Zo] EFoMe= 2FALS Gen. Extreme value, Gen. Gamma,
Johnson SB, Pert 2 Wakeby -7}, 58413 tig X A= WakebysH7}
HA Bydteg BAEgh

N
oy o

52+ Table 20014 K npel Zho] Qigro| A A% -2 Gumbell Minz}
Johnson SB <=7}, £841-& Gen. Extreme value 7}, th& A4S Wakeby
k7l R 2 Bxates BaElon Table 2104 B npg} gro] &
A AL Gen. Extreme value, Johnson SB 2! Log pearson 3 347} T34
Gen. Extreme value<} Johnson SB 37}, o @A 4= Extreme value$t<7}
HA BEZTE EA4EHAT
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Table 16 Goodness of fit result for inbound at Busan north port No.1 route

Vessel

size Ranking 1 2 3 4 5 6 7 8 9 10
1st | JOMISON | pert | Wakeby | Wakeby | Wakeby | ; O | Wakeby | Wakeby | Wakeby | D
SB Y by by Logistic by by by | Lagum
Gen. Gen.
Small Gen. Gen. Gen. . Gen. Gen. :
2nd | Wakeby | Extreme Logistic | Logistic | Logistic Weibull Logistic | Logistic Extreme | Weibull
Value Value
srd_| pogum | Sl G T Gen T O ORuE | Gl i | pet | e
Gen.
Gen. Gen. Gen. Gen.
In- st E{gﬁlfele Logistic | Logistic Wakeby | Wakeby Logistic | Logistic Laplace | Error | Wakeby
bound | Medum | 2nd | Dagum JO%“SOH Cauchy ng?élfic Error | Dagum JOhSI[lJSOH Error | Normal | Cauchy
Johnson . Gumbell | Gen. | Hyper | Johnson - Log Gen.
3rd SB Weibull Min | Gamma | secant SB Weibull logistic Burr Logistic
Johnson Johnson | Gen. | Johnson
1st N/A | Cauchy B Wakeby | Wakeby B Logistic B N/A N/A
Gen.
Johnson Gen. Gen. Johnson | Log
Large 2nd N/A SB E\)}t;ﬁlrrele Logistic | pareto Error SU Pearson3 N/A N/A
Gumbell Hyper . Gen.
3rd N/A Min | Wakeby secant Error | Uniform | Error Logistic N/A N/A
- 67 -
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Table 17 Goodness of fit result for outbound at Busan north port No.1 route

Vessel

size Ranking 1 2 3 4 5 6 7 8 9 10
1st Burr Log Dagum Log Wakeb Gen. Burr | Dagum Log Wakeb
normal g logistic Y Logistic g Pearson3 Y
Small Fatigue | Log Log | Pearson | Log Gen. Log . Johnson
2nd Life | logistic Burr normal 5 logistic | Logistic | logistic Weibull SB
3rd Gamma Ge{lrjls\s/i'an Dagum | Dagum | Frechet | Burr loé?s%c Burr gﬁgm%% Beta
1st Wakeby | Wakeby | Gamma | Dagum | Wakeby | Burr | Wakeby | Wakeby | Burr Joh8n§0n
Out- Gen
: . Gen. : Log Gen. Log :
bound | Medium 2nd | Weibull | Burr Gamma E\);t;ﬁlrrele Dagum logistic | Logistic Burr logistic Weibull
Gen. : Gen.
3rd JthnBson Extreme F?j;ilfgeue Peagson Extreme | Burr Peagson Dagum l(g}es%c Gamma
Value Value sl
1st Wakeby | Laplace Johsn§0n Lg}g??fic Wakeby | Wakeby | Error Pe]ajr(‘)sgrﬁ JthnBson Error
Gen.
L : L .
Large 2nd | Gamma | Caucy E\)/(t;ﬁlrge JthnSon Caucy Logci)sgtic Uniform | Frechet Pearos%nB Uniform
Gen.
3rd Log Wakeby GLog a Error Burr | Frechet Pgree?lfo Pearson G;Jr(r)ngna Extreme
am Value
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Table 18 Goodness of fit result for inbound at Gadeok-sudo

Vessel .
size Ranking 1 2 3 4 5 6 7 8 9 10
1st Johnson Error | Wakeby | Wakeb Error | Dagum | Error Johnson | Gen. Egtfenrhe
SB Y Y g SB Gamma

Value

Small 2nd | Wakeby Johsngon Pg?gfo JthnBson Gggl?ﬁa B Log 3 Ggr?lrrlﬁa Error | Dagum | Wakeby

3rd 5 Log 3 Dagum | Dagum | Error P’E?l\xcgn Weibull Johsngon Dagum FI;?IVCE%% Log
Gen.
Johnson | Gen. Gen. Johnson Johnson Johnson
1st B Gamma | Gamma Error B Wakeby B Error | Extreme B
In- Value
oo Gen. Gen. Johnson Gen.

bound | Medum |  2nd | Wakeby Pe%r%%rﬁ Weibull | "“cg™ | Wakeby | Extreme | Extreme | ™ g Error | Extreme

Value | Value Value
3rd %%%ele Weibull Pe]g&gm Wakeby Ggr%r;ﬁa Gamma | Error Ggr%%la Weibull P(é;regfo
1st Wakeby | Wakeby | Wakeby | Laplace | Wakeby | Wakeby | Wakeby | Erlang | Wakeby | Wakeby

Large 2nd Lc()}gei&ic Laplace | Laplace | Wakeby | Cauchy Lc?g?’?t'ic JthnPfon Gamma L(()}g??ﬁc E\%%ge
3rd | Logistic | Error slé}é%%rt ?e%%%f[ Laplace JthnSon E\)/Etz{rfele Weibull | Cauchy Johsngon
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Table 19 Goodness of fit result for outbound at Gadeok-sudo

Vessel .
size Ranking 1 2 3 4 5 6 7 8 9 10
Gen. Gen.
1st Extreme | Dagum Ggr?rlha Extreme | Pert | Wakeby | Wakeby | Pert | Wakeby Johsrgon
Value Value
Gen. Gen.
Small Gen. | Johnson | Johnson Gen. Gen. Gen.
2nd Error Gamma SB SB E\)/(t;leurge Gamma | Gamma %{t;leunele Pareto Wakeby
Johnson - Gumbell Gen. : Log Gen.
3rd Pert B Weibull Min Beta Pert Logistic Weibull Pearso3 | Pareto
15t | Jonmson | JonSon | yyayeny | JORESON | JONSON | yykeby | Wakeby | Wakeby | Wakeby | Wakeby
Out-
Gen.
ound | Medum | 2nd | Wakeby Gen. Gen. Wakeby | Wakeby | Extreme Johsngon Gen. Gen. Error

Pareto | Pareto Logistic | Logistic

Value

Gen. Gen.
- . - - Johnson Log-Lo | Log-Lo | Johnson
3rd Weibull | Weibull | Weibull | Weibull | Extreme B Extreme gistic | gistic B

Value Value
Gen. Gen. Log Log
1st Extreme | Wakeby | Error | Laplace | Wakeby | Wakeby | Extreme | Wakeby 2.
Value Value Logistic | Pearson3
Johnson |  Gen. Gen. Gen. Log Gen. | Johnson
Large 2nd SB Logistic Wakeby | Error Logistic | Logistic Wakeby Logistic | Logistic SB
Gen. Gen.

Johnson | Hyper | Hyper Log Gen.
3rd | Wakeby SB secant | secant Burr | Normal Pearson3 | Logistic E\)/(tgleurrele l%)/cglegge
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Table 20 Goodness of fit result for inbound at Ongdo route

Vessel .
size Ranking 1 2 3 4 5 6 7 8 9 10

Gen. Gen. Gen.
Johnson | Johnson | Johnson Johnson | Johnson Gumbell
Ist | Cauchy | g SB s | Extreme | Extreme | "op g | Extreme | Thpo

Value Value Value

Gen.
Johnson | Gen. Gen. Gen. Gen. Gen.
Small 2nd SB Logistic | Logistic | Logistic Wakeby | Error E\)/(t;ﬁlrge Logistic | Logistic Wakeby
Gen.
Gumbell | Gumbell | Gumbell | Gumbell | Gen. . Gen. Gumbell
3rd Min Min Min Min Pareto Uniform Pareto Caucy Min Eéglellrge
Gen. Gen.
Gen. Johnson | Johnson Log
In- Ist Logistic Extreme | Extreme | *'cp Sy Error | poaegn3 | Wakeby | Error | Error

Value | Value

bound Medum | ond | Jomson | Log Wakeby Log Gen. | Johnson | Johnson | - | Johnson | Johnson

SU normal Logistic SB SB E{gﬁ{rele SB SB
Gen. Gen. Gen. Gen.
3rd loL?s%c Gamma Pelajrggﬁ Weibull loL?s%c Extreme | Extreme | Normal | Extreme | Extreme
g g Value | Value Value | Value
Gen. Gen.
Gen. Johnson Hyper
1st Wakeby | Wakeby | Wakeby Logistic Wakeby E\)}tarleége Error B E\)ﬁgﬁrge secant
Gen. Gen.

Large Log ~ Gen. o
2nd E\)/cgleérele E)\/(t;ﬁlrrele Error Logistic Laplace | Error | Uniform | Wakeby Logistic Logistic

Johnson | Johnson | Johnson | Johnson | Gen. Johnson | Log
3rd SB SB SB SU | Logistic | Normal | Wakeby | Error | ""gg™" | 1 noichic
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Table 21 Goodness of fit result for outbound at Ongdo route

Vessel

size Ranking 1 2 3 4 5 6 7 8 9 10
1st Wakeby | Wakeby JthnBson Error | Wakeby | Error | Error Jokggon Joférgon N/A
Gen. Lo Lo Lo Gen. . : Lo Lo
Small | 2nd | parefo GamIgna Pears%nS Pears%n?, Logistic | Uniform | Uniform Pears%nS Pears%ni% N/A
Gen. Gen. Gen. Gen.
Log Johnson | Log Inv. Log
3rd 2. | Extreme | Extreme 2. | Extreme | Extreme : N/A
Logistic Value | Value SB Logistic Value | Value Gaussian | Gamma
Ist Jol}Sngon Wakeby | Wakeby | Error | Wakeby | Gamma Ggr?rlﬁa Wakeby | Error | Wakeby
Out- Gen. Gen. Gen.
Medium | 2nd Error JthnBson JOhS%SOH Log | Extreme Peaéson Normal | Extreme | Extreme | Weibull
bound Value Value | Value
Gen. Gen. Gen. Gen.
3rd Extreme | Extreme | Extreme Jo}glgon Peagson né}(;?lal Extreme JthnBson Johsrgon JthnBson
Value | Value | Value Value
Gen. Johnson Gen. Johnson | Johnson
1st Extreme | Wakeby | Frechet B Cauchy | Wakeby | Extreme | Wakeby B B
Value Value
Gen. Gen.
Log Log Hyper Log Gen. -
Large 2nd E\)/(tgﬁlrge Gamma Error | Wakeby secant | Logistic | Logistic B\gﬁlnée Uniform
Gen.
3rd | Frechet Log Error | Extreme | Laplace | Laplace Log Log Log Error
Value normal
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Table 22 Goodness of fit result of sum of 10 gate lines for inbound of
medium vessel at Gadeok-sudo

Distributions S, Ranking
Gen. Extreme value 0.2989 1
Johnson SB 0.32543 2
Error 0.3410 3
Weibull 0.45105 4
Burr 0.46494 5
Normal 0.51231 6
Dagum 0.99881 7
Gen. Logistic 1.2364 8
Logistic 1.7188 9
Pert 2.5149 10
Beta 2.5490 11
Gamma 3.0760 12
Hypersecant 3.1278 13
Gen. Gamma 3.3753 14
Cauchy 6.2177 15
Laplace 6.2457 16
Gumbell Min 6.3694 17
Inv. Gaussian 7.2419 18
Log normal 7.4115 19
Log-Logistic 7.6212 20
Log Gamma 8.5724 21
Pearson 6 8.9094 22
Wakeby 12.025 23
Fatigue Life 13.490 24
Erlang 16.261 25
Pearson 5 21.974 26
Frechet 28.220 27
Power Function 28.594 28
Gen. pareto 70.720 29
Uniform 80.181 30
Log-pearson3 187.08 31
Johnson SU No fit 32
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Table 23 Goodness of fit result of sum of 10 gate lines

Route Ranking | Small vessel | Medium vessel | Large vessel
1st Log logistic Wakeby Johnson SB
Busan Gen.
north port 2nd Frechet Log logistic Extreme
No.1 Z}ame
g en.
3rd Pearson 6 | Gen. logistic Gamma
Gen.
- | Gadeok- 1st Johnson SB Extreme Gen. logistic
value
bound | sudo 2nd Beta Johnson SB | Log logistic
3rd Error Error Johnson SU
Gen.
1st Gumbel Min Extreme Johnson SU
Ongdo value
2nd Weibull Johnson SU | Gen. logistic
Gen. .
3rd S Normal Weibull
1st Log normal | Gen. logistic Burr
Busan
north port 2nd Burr Log logistic | Log logistic
No.1 Inv.
3rd SRl Burr Dagum
1st Dagum Johnson SB | Log logistic
Gadeok- 2nd | Johnson SB Ggr%rxlﬁa Gen. logistic
Out- | sudo Gen .
bomnd 3rd Gamma Weibull Burr
Gen.
1st Wakeby Extreme Pearson 5
value
Ongdo Gen. Gen.
2nd Extreme Error Extreme
value value
3rd Fatigue Life | Johnson SB Gamma
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SW, = ——— (6)

7] A,
sw, : SW &t

x o 1WA 2k BAA], dE BW FRAA IMA HEE

r o TR HA
a, : (a, a)= m'V!
! e (mTV_lV_lm)l/2
3714, m = (my, -, m)'& Pt my, +o, my S EF FFEEZRE

X
of
)
Lo
ol
i
[
095
i
o
v

F=H gEHTY A BAY VYRS V E =
& 2t Zlojth

n3t sw, o Aol wet p—valueZt ABHIL, AHA p—value?t oS T
TR 2o 757 e 7|4 AL AFEEE WEA et iy ol
AgEdh wrdol p—valueZt AAE o 7 FERU Fow AFEIdo] Y
wo], FiEEE BAvka & F Slth

SW teste] AF-7HE-e =R tho] HFE

K

N

Hir

ND 3712 9J3le] B Ao A= IBMAFS] SPSS Statistics =& 138 Version
22.05 ARE3FA T SPSS =232 kA A3l KS test H SW testE &
Ao 25 A LetA T oA A3k thE B AFtolA = SW testE ND H7}
o R Mg B AFAAY p—values 0.065 7]F02 319 oM,
Tof| e AFTHE S e e S oed 2k

AF7HE H » E@o] AEEs wheth
7 Hy o] AFEEE WEA Bt

A AR vhel Zo] p—wvalue = 0.05019, FF7Hdo] AHE = o] At
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AAE o] AFEZE wl2x] = 2102 31t} Table 24= ND Test2] 3t o

Table 24 Example of ND test result

Ship Busan No.l1 route inbound Ist gate line
Size SW, n p—value 7Hd AR
Small 967 61 .095 Ho
Medium 794 44 .000 H,
Large .976 3 701 Ho
332 = H7}

NDHE7V7} dnkel F& Fazol it Friebd, K o §H7he Ad S3uid
of digk Hrigta & 4 Stk

HSHE] dedd T BHE A= SHse AS F=ga st
B2 AT = K B7HaL A Yskdth K B7kE flsliAl AD 371t S sHA
SPSS Z2I13& AMEsll e, K B7F A2 (N3 ZthWikipedia, 2018e). T
T ARk o g K 7} 3 7k A el ke Zlo] A9k, SPSSet 2
W7t Z23PE 0] & A f-ol= Fig 503 2o K7F 0RY W AfEE R
o WE3E B 5, 0BT Ao FASE £X 5 o]0 & & JUth

K, = S EERR @

7] A,

K, : K %7} g
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Negative
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Fig. 50 Shape of kurtosis

333 d= H7}

BEghs0 MYHAL SHSE B7E b, B ATolAE 53
eha Aelatnt. S WAE flalA B o) BE Brleh $UsA SPSS =
239¢ Agstgon, Hr} AL @3 LrHWikipedia, 20180.
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Normal
distribution

Negative

Positive
Skewness

Skewness

Fig. 51 Shape of skewness

Kline(2005)= S, #kol Auigt 3= =435t
AT S, B FEONA AEE FE
5, @0l 0BT} =% Freo) H2L olgFhe Aol

29 952 o] g3k Roz BASYT
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Table 25 p—walue at three traffic route

Collection @ kmou

Busan North Port
Traffic Nol Gadeok-sudo Ongdo traffic
route Small |Medium | Large | Small | Medium | Large | Small | Medium | Large
1 1.095| .000 | .701 | .025 | .160 | .530 | .335 | .869 | .622
| 2 1.000 | .002 | .108 |.108 | .073 | .128 | .240 | .844 | .863
3 1.000 | .000 | .230 |.000 | .044 | .497 | .262 | .681 | .967
" 4 1.000 | .000 | .977 | .003 | .101 | .848 | .381 | .992 | .980
P 5 1.000 | .221 | .371 | .001 | .239 | .385 | .037 | .707 | .315
° 6 |.000 | .000 | .674|.002 | .763 | .316 | .161 | .822 | .446
! 7 1.000 | .002 |.931 |.012 | .585 | .178 | .530 | .995 | .069
! 8 |.000 | .052 | .105 |.012 | .479 | .671 | .067 | .463 | .879
d 9 |.000 | .993 | .232 | .008 | .227 | .036 | .194 | 413 | .545
10 | .000 | .002 {555 | .329| .644 | 009 | .225 | .113 | .954
1 |.000 | .001 | .601 | .003 | .141 | .208 | .229 | .259 | .198
O | 2 {.000| .003 | .501 |.003 | .058 | .740 |.398 | .074 | .831
u | 3 |.000| .383 | .739 | .063 | .007 | .449 | .202 | .144 | .228
t | 4 1.000] .079 | .985 | .000 | .168 | .051 | .627 | .503 | .842
b | 5 |.000| .000 | .008 | .000 | .781 | .858 | .854 | .505 | .248
o | 6 |.000| .000 |.001 |.001 | .461 | .784 | .413 | .978 | .900
u | 7 |.000 | .000 | .287 | .000 | .611 | .478 |.750 | .589 | .272
n | 8 |.000| .000 |.176 | .002 | .588 | .824 | .426 | .110 | .973
d [ 9 |.000| .000 | .843 | .020 | .708 | .417 | .450 | .897 | .954
10 | .000 | .044 | .340 | .032 | .611 | .481 | .875 | .090 | .363
_ g4 -




Table 26 K, at three traffic route

Collection @ kmou

Busan North Port
Traffic Nol Gadeok-sudo Ongdo traffic
route Small |Medium | Large | Small | Medium | Large | Small | Medium | Large
1 |-903] 8308 | .000 | -991| -861 | .346 [2.670| .093 | -.566
I 2 [-1.047] 1381 | 2594 [-1.032] -1.265 | 2.045 | 204 | -38 | -.369
3 [ 1325 | 3612 |-1.034 |[-1176| -1.234 | 283 | 2340 | -7 | -.288
" 4 11674 | 4472 | 678 |-1.103| -1.053 | .698 | 1960 | -1 | .534
P 5 | 5% | 1670 |-1714 |-1.291| -862 | .148 |-1522| .594 | .339
° 6 2328 | 3634 |-1350(-1.239| =352 | 1231 |-159 | -.436 | -.434
! 7 14829 3903 | 135 [-1170| -481 | =442 | -6H | -.278 |-1.519
! 8 [3622| 1725 | 2909 |-1195| -821 | 420 | 3777 | -.352 | -.743
d 9 | 669 | —014 | 2383 [-1.219] -959 | 2.016 | -&1 | -.492 | .462
10 |-1.004| .277 |-1427 | =110 | =860 {3308 |-972| -.675 | .614
1 | =522 | 1201 | 245 |-1.034| -.624 | .266 | -&7 | -.571 |-1.219
O | 2 |.323 | 1607 | 2103 | =708 | =651 | .154 |-.621| -.632 | -.345
u | 3 [14%| 530 | -917 | -208 | 681 | 1956 | .130 | -.735 |-1.114
t ] 4|94 ] 19 | 153 | .74 | =798 | 2938 |-1.063| -.317 | -.772
b | 5 [248| 2514 | 4735 | -689 | -470 | 419 |-.071| -.368 | .097
o | 6 |7074| 3837 | 6972 | 905 | -.680 | =348 |-2.240| -.110 | .597
u | 7 13520 | 4616 |-1764| 175 | -675 | -748 |-1.451| 492 | .340
n | 8 |1642| 4859 | 2536 |-1.082| .141 | .307 | 189 | .380 | -.017
d | 9 |-1250| 8830 | -.326 |-1.309| -.229 | -.001 | 0% | -.406 | -.452
10 | -935 | -845 |-2628 |-1.273| -691 | -765 | .47 | .301 |-1.087
_ 85 -




Table 27 S, at three traffic route

Collection @ kmou

Busan North Port
Traffic Nol Gadeok-sudo Ongdo traffic
route Small |Medium | Large | Small | Medium | Large | Small | Medium | Large
1 |-243]-2.300| =785 | .274 | -.309 | .291 |-1.241] -.197 | -.191
I 2 |-551| -.856 |-1.367|-.045| .049 | .675 |-1.346| .053 | -.333
3 [-1.201] -1.406 | -.600 | .395 | -.018 | -.004 [-1.450| .194 | .134
" 4 1-1.260| -1.681 | -.213 | -.048 | .027 | .026 |-1.300| .147 | .290
P 5 |-1.169| -.458 | 414 | .068 | .177 | .298 |-.697| -.057 | .435
° 6 [-1.212| -1.671| -.1887| .054 | .149 | -.703 | -518 | -.023 | .179
! 7 [-1.980| -1.400 072" | .007 | -.162 | ~442 | -591 | -.092 | .105
! 8 [-1.604| .179. |-1.655|-.002 | -.152 | 462 |-1.875| -.034 | .100
d 9 [-1.162| .026- | -1%64 | -.148 | -.248 | -10M4 | -.634 | -.047 | -601
10 |-516 | -.857 | 749 |=417|..005 | -140 |-601| .027 | -0
1 |-.813|-1.098| =681 | =262 |..448 | -.783 | .733 | -.265 | .068
O | 2 |-1.104| -.887 | -.287 | =461 514 | -.531 | .666 | -.385 | .385
u | 3 |-1472| -.453 | -.357 =479 959 | -.614 | 1.034| -.283 | .018
t | 4 |-130] -578 | .220 |-1031| .358 | -.295 | .231 | -.037 | .087
b | 5 |-1.465| -1.448 |-2.042|-.753 | .326 | -.143 | .398 | .128 | .316
0 | 6 |-2.440|-1.389 |-2.535|-.448 | 173 | .098 |-.230| -.011 | .274
u | 7 |-1860| -1.713 | -.137 | -.978 | .204 | .096 |-.157| -.322 | .898
n | 8 |-1469| -1.854 |-1.494|-511| 462 | .267 |1.017 | -.497 | .354
d | 9 |-294|-2413 | -531 |-111| .228 | .445 | .951 | -.109 | -.308
10 |-.308 | -.452 | -.095 | .094 | .022 | .256 | .714 | -.661 | .097
86 -
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Table 28 Summational MD-K=S test result at three traffic routes

Busan North Port _

Traffic Nol Gadeok-sudo Ongdo traffic
o.

Small | Medium | Large | Small |Medium | Large | Small | Medium | Large

route

Yz(ﬁue .000 | .000 | .000 | .000 | .118 | .130 | .000 | .003 | .048
In_

K, | 167 | 2.183 | 5.366 |-1.039| -.370 | .469 |-.655| .206 | .296
boaurd

S, |-1.044| -1.015 |-1.843| .107 | -.130 | -.112 | -.681 | -.259 | -.401

p— 1,000 | .000 | .824 | .000 | .000 | .000 | .012 | .001 | .486

value
Out-

K, | 422 | 2139 | -.201 | -.569 | -.420 | 1.142 | -.195 | -.277 | -.058
bord

S, |-1.065| -.863 | -.255 |-.164 | .350 | .676 | .632 | -.207 | .115

_87_

Collection @ kmou



2.5

1.5

5.366

2.183

0.167

0.206 04690296
-0.655
-1.039

i I I I

Small vessel Medium vessel Large vessel

M Busan north port .« W Gadeok sudo m Ongdo route

Fig. 52 Summational %, for inbound of three routes
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Fig. 53 Summational X for outbound of three routes

_88_

Collection @ kmou



0.5

!
o
wl

1
—_

-1.

w

0.8

0.6

04

0.2

@]

0.107
0. -0.112
—O 259
-0.401
-0.681
-1.04 -1.015
I -1.843
I
Small vessel Medium vessel Large vessel

M Busan north port . . ® Gadeok sudo mOngdo route

Fig. 54 Summational .S, for inbound of three routes

0.67327 "B B B s 0.676
0.115
-0.164 S
-0.207 0.255
—0 863
—1 065
Small vessel Medium vessel Large vessel

B Busan north port B Gadeok sudo B Ongdo route

Fig. 55 Summational .S, for outbound of three routes

_89_

{¢/Collection @ kmou



4 Mo

) = }L

= ur_g ﬁ%ﬁ.ﬂi eq

~ L N =B ®
iy o ok B T T o R oo ) N
A 2 T=_F K g T Y
G = = ﬂﬂo%mﬂwwﬂ g R
x B L o T B R
g o X T TR E O _Hm_m o o o R o u_wm_ (ay
G o= it T o+ X 5 B 4R 2 0w )|

v B o o4 D Sp = @ S < o
N W I 5 R 5 — @.La«
o/ ESEE WEPO g o B <
2 i 4L eze 2T gul ToE
T i+ _ _ < oo M £ & 1 g M s 2 =
A T e,3g ok EHTERN
! o ﬁﬁ_w__oéal% x5 2R T
m.,_ dwi %u Y ol M S%,ﬂuu S o#ﬂ T o D
o ) o | zn wm o £ g - T B RN E T o
- B Bom Py s 2NN gm T
s I L P o TEa ST e 54
} . - —_—
= m MW ﬂod.ao%mwmm anu.iLi%@Mﬁ%
J)J e X ™ o T ,.ﬂu n__mo 5 of M X oo W P -
= o I T T = h g s 2o X o g
b W @%&bﬂ#%ﬂ} = » A i
T pEa P2 Ted P Eim S v il
2 g w2l T T N MT B o G =

e K oz 9 A i = o
0 o N T T 2o P g W M TS ®
- o & A T UM dogom U <
X w T o = oy oo Mo T Mo bR
T T T B o g W oo A w2 F 5o 2 % R
i B cC AT oo S L W5 o
o T o9 MR N mna_;lﬂw IR
25 & oo A =W, TLT T b
= ° oT o s DU o o oy Cn ToH X = o (ot
% P RFER gz w B
J e jen AU E.uiﬂ_/ﬁ.

<0 T ﬁlVa_o_A Eayay

o B o

A

YA
3L

A3 10719 &

YA
ar

- 90 -

Pl =

°

=

Q)

O]oﬂ u}lﬂ'/ﬂ ND-K-S
Collection @ kmou



Y 7IX 2 QoFHT}

L
T

1.
ND-K-S B4 Az}

S|

~
g
&

2 e}
Fegol el

[¢]

°.

a

=
b,

S|

2E YA ol &

1

H AT 10712

= WA 10709 B8 FA BAdAE A
24
At

b
Hr

)
—_—

‘m_.n_wo

1ol %

13

}2 o

[¢]

Q.

T

T

7ol A

A

=
=

29] 979}

29

5}

Ee)

o A A
1o 4 Bt} FEHAA Yehe Jog B

~
—

S|
A

€]

=
5

2o

i

o]

[e)
R

12 Zo| 7}

2

oFoll v A

o A7} =&H

o} 107 <]

oo

XI

b

—
o

B
i

o
o)

.
o)

i

B

Yo elg o]3)

)

JRoA 9 &

<]

ol &

_91_

Collection @ kmou



Al A%

=

Al B TRaFEA Sl

=2 914

S

2

&7z (Spatial Coordinates)= &37Hg2] Zol o
Ao 2 JERY

A~
L

XE o H 0

_O] )
o BT i3
TE S PR <
@l 2
Ty -@ N N
Komonp oW o B
T2y N 8 o
%o_,_ﬁdlo ME
) ~ Ofl E
z_ﬁ%ﬂomw/r g 2
wm N m S S =~
X <A ST
B E R s v
@oﬂe,g_@_ 5 T
T B4 M &
o R
s TP ,_mwd
ﬂ]:._._.ﬁllﬂmu L L
~) 0 o, A
reesd N = 2
S 5 P
L]t%u% |
R g @
HFzTX® )
o QT T
Tz ©C ® e 5 £
ﬂ%ﬂ%&o, ey
o Lo o M &
NP o 8
oo o o X
XD ow W ~
7T O B © RS
ok T do W W W

_92_

Collection @ kmou



d o Ao mebA 2 ATelA 30

6]6

s

L o2 7}

N

Blpiiss

2 A8

td Fig. 563} o] t=

& s

A

MEERE

3|

28

b shpel B

A7 28 tZolgka

3 W=

53

bof o] o]

7}s

AT

)

E Al

Ele] 24 7lelet Aute] o] Eo) m}

e

S 3hg W] 71EH O

® o)
e AEs

)
P
N
ﬁﬁ
o
o

Hlo

~

M-

o

O

il

101
MK
JJ
%

5}

T} 714 Fig. 573} 2]

[}
AA

N
]

of
=
o
z]t

=
=

H3ke] Az

o 71

il

o
O

M

ate line 4

Z-axis
Gate line 3

-nlll-l-

E 125" 54.0000°

P

Distance from
< Reference line(a)

[E 125 ° 52.0000°

5985 A o 2ey

[l
-
n
-
-

1
l a4 Vessel

1

N 36 * 40.0000°

Distance from

Y

ate line 2

Time from point

G

!
W
Loy

point origin
point(b)
Y-axis

origin point(t)

[l
[l
[l
L]
"
]
-
[
"
[l
L]

== Gate line 1

X-axis

o

N 36 * 38.0000"

Fig. 57 Concept of spatial coordinates

_93_

ction @ Kmou

&
L

Coll



12 4TS 52 FAN AL

421 F=24 olsdde A9

2 A gAY NDK-S B4 A gale] F2o) FYTRL
L $EG SHo) A9

=
2 0o} ST ek 7)2e] B4 g g 51 FYuue

ojsfist=tl tha FE7t At wEkA B AFtoM = ST T2 &
FIE S s g) ol 7|9 W= tEA 24 Auke] A &

LA ool ZASAR, B Aol A G2
o

R. N. Elliott(2006)2] o]22° 2 w]=-9] 75 50}/] ’“/\]74/] >2 QS
slel T}5ol 22 Shyalglt, 59, 19351 Wl 2A] tiZeka) 19873 Lm
Yol & el Zstw A F3sizl ol&eltt.

Bz]olE THEolA Hee 27 B, 4713
S 4R SRR T ek e oholst 1% Fael A

3} Hog ofe|Zo] §48 FAMe] 9% FAM
N R

w 2 PR A718e olehst A% FA]
Azkol Aol met 585 HEOE ol o] FHR Aol 9% FA
A 71e710r) Fae 458, 9% P48 FAMe] ol el FAH FA)
Hel 71e7)nth FE9 shegon PR gHPL ofdsh 91z ¥4

Al 34 zwu 12710t g3 slegos TRan
- 94 -

Collection @ kmou



B ATAE BYE HEo| NS $85
o] F2olg e uhet ik, H71%, Y

rlo
Su
Jir)
1
il
o
o
u
i
ot

B ) Y7
A olgshe o)
2 AWl n

Fig. 583} #o] &4+ (Expanded pattern) 3]
FolA o] gsl= FHo] Frp7l HA Mg wet d=E

Blolt). o]t REHAZ 4T & Y THAA

e
4
4 =

Moving & /

-~ pattern o/f / e

Fig. 58 Expanded pattern

Fig. 599} 2ol #1718 (Wedged pattern)> Au}Eo] 25 3 uf -+
FollA o] &sh= dHol "Wyl AR Wdgtol wet F2E FA o8t I
Holt}. o= gty sjd 3 o] EHAtE S o st dTFA =

TR QAYFol el EEA Y HFopHE B

_95_

Collection @ kmou



Fig. 59 Wedged pattern
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43 )4 54 olsdd A&

Fig. 64 Dynamic patterns for moving of inbound small vessel on Busan
north No.1 route

Fig. 65 Dynamic patterns for moving of inbound medium vessel on

Busan north No.1 route
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Fig. 66 Dynamic patterns for moving of inbound large vessel on Busan
north No.1 route

Table 312 74t & 212 A A kel 3ol m& B4~

Table 31 Average and standard deviation of inbound on Busan north No.1 route

Unit : meter
Gate Small vessel Medium vessel Large vessel
line Ave. Std. Ave. Std. Ave. Std.
1 1998 95.22 284 36.87 259.7 30.69
2 2209 50.01 236.2 50.32 243.4 42.69
3 239.7 58.67 232.6 47.63 242.9 43.72
4 242.2 54.1 222.3 40.11 245.8 40.48
5 241.1 53.19 227.7 40.64 247.8 38.92
6 238.4 58.95 234.5 34.29 259.9 24.42
7 247.3 73.78 257.4 33.33 257 26.16
8 213.4 66.31 228.2 24.69 248.3 30.99
9 205.6 56.51 219.8 22.11 242.6 36.48
10 205.9 69.53 210 48.64 247.7 33.82
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Fig. 67 Average distance from reference line of inbound on Busan
north No.1 route
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Fig. 68 Standard deviation of inbound on Busan north No.l1 route
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Table 32 Dynamic pattern for moving of inbound on Busan north

No.1 route
Small vessel Medium vessel Large vessel
[tem
aave. a‘std aave. astd aave. astd

Gradient | -1.037 | -0.5013 | -4.1861 | -1.4117 | -0.2479 | -0.8267

Dynamic
attern Symmetrical Wedged Symmetrical
b slash slash straight
for pattern pattern pattern
Moving

717} -1R5}; 23l RFHRF FA4| Q) 77| % -1EG 2o u g Xy
S gEAe FaEy T2} FA4 9 727 BE -1 1 A
AYE BT

0

432 32 B3 192 23 59 ol5Hd £4

[e

95 it 5 AlY=olN 294 23 Al T34 ol sdd L, Fig 70

G A B2 o] FAEL, Fig 71& t@A ] 23 A 57 o)F
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Fig. 69 Dynamic patterns for moving of outbound small vessel on Busan
north No.1 route

Fig. 70 Dynamic patterns for moving of outbound medium vessel on

Busan north No.l route
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Fig. 71 Dynamic patterns for moving of inbound large vessel on Busan
north No.1 route

Table 332 74t & A1 2o & A Aol 3ol mE B4~
gjot FEFHUAE HER Zlojn.

Table 33 Average and standard deviation of outbound on Busan north No.1 route

Unit : meter
Gate Small vessel Medium vessel Large vessel
line Ave. Std. Ave. Std. Ave. Std.
1 110.7 54.83 143.3 47.96 144.1 32.9
2 97.82 39.88 117.3 30.68 116.5 17.25
3 96.09 29.75 102.8 26.3 102.1 16.84
4 114.7 47.12 1154 26.63 122 15.5
5 102.1 36.22 105.1 26.43 106.9 9.18
6 84.36 40.51 103.6 24.94 95.6 21.2
7 89.52 51.29 105 30.76 93.9 24.75
8 105.5 57.76 109.9 31.06 102.8 19.51
9 121.2 57.99 110.4 39.37 122.9 10.01
10 142.2 68.94 68.5 45.54 92.3 27.65
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Fig. 73 Standard deviation of outbound on Busan north No.l route
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Table 34 Dynamic pattern for moving of inbound on Busan north

No.1 route
Small vessel Medium vessel Large vessel
Item
Qape. QAstq Q. Qgtq Qpe. Agiq
Gradient | 2.4299 | 2.4885 | -4.3558 | 0.447 | -3.1121 | -0.2716
Dynamic
attern Symmetrical Symmetrical
’ baCkEsi(eIl)sEfllndeaqttem slash slash
for p pattern pattern
Moving
P2 HtH x2HAE FAY 7|77 B 11T 3

FYAe P FA4 9 71277} -1t Fa w29
|22 A SgPAEL, FAL HH =49
2} FA|) 712717} -13} 1 Alelo|Bg tjA &

Table 349} Zo] A&
g 3 A g

:;l
—
>
>,
s
(o]

A A9 71&717) -
71&717} 120 #a BFEUX

a]}\] o‘é‘ E(}iq
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Fig. 74+ 74t A% 7HE a5 A7 FRA 2349 4 A 53 o5

=]
gs, Fig 755 T34 A& Al &3 olsdlE S, Fig 762 thEdAlel A&

Fig. 74 Dynamic patterns for moving of inbound small vessel on
Gadeok-sudo

Fig. 75 Dynamic patterns for moving of inbound medium vessel on
Gadeok-sudo
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Inbound

Fig. 76 Dynamic patterns for moving of inbound large vessel on
Gadeok-sudo

Table 35 54b 418 /1 5E ATdeo|A Qg A Aute] Fao] o
Bitol A2l EEAAE LEhd Holth

Table 35 Average and standard deviation of inbound on Gadeok-sudo

Unit : meter
Gate Small vessel Medium vessel Large vessel
line Ave. Std. Ave. Std. Ave. Std.
1 896.7 432.56 546.2 284.02 495.3 185.97
2 820 408.35 559.6 207.56 507.3 132.78
3 821.8 357.46 592.5 184.14 527.5 128.41
4 784.1 305.58 574.1 173.02 517.8 111.58
5 825.7 336.03 562.1 144.95 513.6 108.86
6 707.9 231.34 535.8 137.61 494.6 99.02
7 669.7 210.56 558.7 145.46 512.1 99.45
8 599.1 243.67 536.8 106.28 552 83.86
9 551.1 254.11 584.4 84.11 613.8 86.46
10 555.7 270.79 631.3 98.3 685.3 86.15
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Fig. 78 Standard deviation of inbound on Gadeok-sudo
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Fig. 772 FA4F A3 71945 Fd 249 Aute] o4 FAHE
UeRd Aol 1, Fig. 78 & ate] FAE Uehd Aolt). 2t Mg Haxt
SHoll g3t FAAY 7|&7E T3 A= Table 363} 2t

Table 36 Dynamic pattern for moving of inbound on Gadeok-sudo

Small vessel Medium vessel Large vessel

[tem

Qype. Agtq Agpe. Qgtq Qgpe. Qg

Gradient | -39.55 | -21.178 | 3.5667 | -18.272 | 15.405 -9.04

Dynamic
pattern Wedged Wedged Wedged

for slash pattern backslash pattern | backslash pattern
Moving

Table 363 Zo] AP Hd FFH A} Ao 71&77F 25 -1t
oBg 7] SRPAFE, TN Hd A 72717 1o A3 £FA13t
FAIY 712717 1R Foue 7] Mo gAY S, S Ho 49
718717} 18 33 2R FA419) 71277 -1HTE Zoug #)7] W
NEE BT
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Outbound

Fig. 79 Dynamic patterns for moving of outbound small vessel on
Gadeok-sudo

Outbound

Fig. 80 Dynamic patterns for moving of outbound medium vessel on
Gadeok-sudo
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Fig. 81 Dynamic patterns for moving of outbound large vessel on
Gadeok-sudo

Table 37¢ R4k A 71858 ramols 28 A Aute] o nje
ol A7z} mEAAE LERI Aol

Table 37 Average and standard deviation of outbound on Gadeok-sudo

Unit : meter
Gate Small vessel Medium vessel Large vessel
line Ave. Std. Ave. Std. Ave. Std.
1 410.1 169.52 354.9 139.51 431.4 105.96
2 490.1 131.81 385.5 125.24 429.4 90.82
3 581.9 105.21 411.2 122.05 450.8 98.52
4 595.8 98.22 426 127.66 465.7 95.19
5 610.3 121.67 444.2 152.91 484.5 85.29
6 643.1 126.83 467.5 143.52 515.8 104.71
7 654.6 151.67 514 138.32 531.5 134.56
8 637.7 192.38 543.2 134.24 562.6 129.87
9 639 236.98 585.2 144.5 585.9 158.58
10 636.2 279.25 594.1 163.84 611.3 186.49
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Fig. 82 Average distance from reference line of outbound on
Gadeok-sudo
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Fig. 83 Standard deviation of outbound on Gadeok-sudo
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Table 38 Dynamic pattern for moving of outbound on Gadeok-sudo

Small vessel Medium vessel Large vessel
Item

ave. Agtq Agpe. Qgtq Qgpe. Qg

Gradient | 21.608 | 14.092 | 27.261 | 2.6505 | 21.226 | 9.0507

Dynamic

pattern Expanded Expanded Expanded
for backslash pattern | backslash pattern | backslash pattern

Moving

Table 383} 7Zo] A~gA
717 B 1Y 2 2& g

r> ol
ottt
So
i)

435 $EFE % o|FHE B4
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route

¥ WIS Disconnect A€}

Fig. 85 Dynamic patterns for moving of inbound medium vessel on
Ongdo route
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route
Q3 Al Ake] Fgol W Fol A} ¥E

Table 39 =24 4 ik
WS e Zolh,
Table 39 Average and standard deviation of inbound on Ongdo route
Unit : meter
Gate Small vessel Medium vessel Large vessel
line Ave. Std. Ave. Std. Ave. Std.
1 1431.0 | 262.38 | 1009.4 | 384.08 | 1040.4 | 438.30
2 1480.1 | 199.18 | 1081.5 | 303.25 | 1103.7 | 361.80
3 14454 | 139.72 | 1083.9 | 252.05 | 1119.4 | 284.52
4 1503.7 | 113.76 | 1181.0 | 218.54 | 1213.8 | 246.73
5 1508.5 78.17 1252.3 | 205.95 | 1294.1 | 239.90
6 1500.3 54.93 1327.6 | 201.42 | 1386.8 | 223.61
7 1544.3 | 115.88 | 1396.2 | 224.98 | 1391.0 | 203.28
8 1466.6 86.03 1323.8 | 239.59 | 1219.0 | 282.73
9 1431.2 97.70 1249.5 | 256.49 | 11224 | 309.04
10 1445.8 163.1 1282.8 | 274.27 | 1114.6 | 342.03
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Fig. 87 Average distance from reference line of inbound on Ongdo
route
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Fig. 88 Standard deviation of inbound on Ongdo route
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Fig 87:¢ $=atzolxe] Aule] o] 5244 2AE thehd Aol
88 wEHAL] FHE e Aolt 7t FAE ArAs
[e]
=

715 T3 Axt= Table 403 2t}

Table 40 Dynamic pattern for moving of inbound on Ongdo route

Small vessel Medium vessel Large vessel

[tem

Qype. Agtq Agpe. Qgtq Qgpe. Qg

Gradient | 0.0636 | -11.45 | 33.679 | -8.2613 | 11.642 | -8.4324

Dynamic

pattern Wedged Wedged Wedged
for straight pattern | backslash pattern | backslash pattern

Moving

Table 407} #Zo] A3 HH FA9 7]1L7]= -13} 1A}olo) HZHA} 3
Al 71€71E -1t Zon g H7] AXNFS, TFAH P e FA49
Z1€71€ 158 23, FF8RE FA0] Ver]e -lEn Fong A7) v
NEE BT
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Fig. 89 Dynamic patterns for moving of outbound small vessel on
Ongdo route

& MIS Disconnect 2 E)
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Fig. 90 Dynamic patterns for moving of outbound medium vessel on
Ongdo route
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Fig. 91 Dynamic patterns for moving of outbound large vessel on
Ongdo route
Table 41& $EFRAA 23 A Aute] Fa)o e FFol 4 st FF

Table 41 Average and standard deviation of outbound on Ongdo route

Unit : meter
Gate Small vessel Medium vessel Large vessel
line Ave. Std. Ave. Std. Ave. Std.
1 921.8 338.62 | 1129.0 | 367.64 | 1006.7 | 306.60
2 788.1 223.29 | 1181.0 | 335.07 | 1090.5 | 201.82
3 755.0 151.89 | 1207.4 | 318.99 | 1200.8 | 224.92
4 620.4 81.14 1163.6 | 267.51 | 1152.2 | 211.79
5 483.0 153.91 | 1000.5 | 256.91 | 1007.2 | 235.70
6 705.1 178.74 | 11445 | 266.06 | 1133.7 | 169.48
7 706.3 138.99 | 1114.2 | 260.88 | 1123.7 | 143.16
8 790.3 245.88 | 1144.3 | 276.68 | 1140.0 | 168.57
9 820.1 292.47 | 1109.3 | 318.97 | 11358 | 179.82
10 857.8 327.88 | 1154.7 | 373.09 | 1183.1 | 245.97
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Fig. 92 Average distance from reference line of outbound on Ongdo
route
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Fig. 93 Standard deviation of outbound on Ongdo route
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Fig. 2= 52042 Hdute] o] sFAAe] FAIE Yehd Ao]a, Fig.
932 EFUAS FAE Yehd Blolth ZF FAE HazkeHl ofste] A
<715 73 A3 Table 429} 2t

Table 42 Dynamic pattern for moving of outbound on Ongdo route

Small vessel Medium vessel Large vessel

Item

Aype. Agtq Agpe. Agq Agpe. Qgq

Gradient | 1.8442 | 6.3996 | -3.5776 | -1.733 | 9.9497 | -7.5972

Dynamic
pattern Expanded Wedged Wedged
for backslash pattern slash pattern backslash pattern
Moving
Table 429} #o] AFA 3 xFAA} FAQ 7[&7]7F 25 18t 32

2 2 MEH AP, FHA BER E2UA FAS 7Lt BE -1un
Fomz #7) AP, hFN Bt FAY /e 1nd 23, w29
A FAle] F127)E -lun fomR A7) Wed g e By
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U &9 HEg tepd Aol

Fig. 94 Dynamic patterns for speed of inbound small vessel on Busan
north port No.1 route

Fig. 95 Dynamic patterns for speed of inbound medium vessel on Busan
north port No.1 route

- 127 -

)Collection @ kmou



¥ IS Disconnect 1€ o b E 129 * 06.0000° E 129 * 08.0000"
>~

X
4

SN S
Y AN

Fig. 96 Dynamic patterns for speed of inbound large vessel on Busan
north port No.1 route

Table 43 SPD, for inbound on Busan north port No.l route

Unit : %

Sector Vessel size
(from ~ to) Small Medium Large
1~2 -3.03 -1.97 -0.40
2~3 -0.16 -1.72 -3.74
3~4 1.89 -1.79 3.36
4~5 0.31 -1.43 0.20
5~6 -0.51 -2.43 0.61
6~7 -0.79 -2.39 -0.91
7~8 -1.13 -7.08 0.92
8~9 -14.00 -7.32 -1.01
9~10 -42.96 -9.46 -3.26
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Fig. 97 SPD, for inbound on Busan north port No.l route
Table 433} Fig. 972 7 738 SPD, e Zo|th Fig. 9794 =
s} o] &gl gl sTIRE, TP Aol TTNRE, U
o) 74 97RRE &H o) Hro) o] 2ol A7) At thrt, FY A
B A &9 At 10% )% o] Fojxl FRE2 AT, 4P A1
__<,D_
o

1 za o] o 430) D8 AT AstgTh o)t £FAAo] o] T

web B AFolA Hold Sugel 1Ak B Al dael A &
Mol 795 8-1077kke] AETRrol, UrlX] TZhe BF BETIEO

- 129 -

Collection @ kmou

ul
A

o
73



442 24 53 A1z 2 £E9E £4
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Fig. 98 Dynamic patterns for speed of outbound small vessel on Busan
north port No.l route

& 15 Discomncer €
°

Fig. 99 Dynamic patterns for speed of outbound medium vessel on
Busan north port No.1 route
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Fig. 100 Dynamic patterns for speed of outbound large vessel on Busan
north port No.l route

Table 44 SPD, for outbound on Busan north port No.l route

Unit : %

Sector Vessel size
(from ~ to) Small Medium Large
1~2 42.70 15.24 18.44
2~3 22.62 5.46 13.15
3~4 30.97 1.02 7.34
4~5 -0.05 -0.39 1.71
5~6 -1.13 -1.80 -3.64
6~7 -0.39 1.24 -5.52
7~8 2.11 -0.49 -8.31
8~9 2.45 2.02 -11.74
9~10 3.17 -0.16 -7.60
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Fig. 102 Dynamic patterns for speed of inbound small vessel on
Gadeok-sudo

Fig. 103 Dynamic patterns for speed of inbound medium vessel on
Gadeok-sudo
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Fig. 104 Dynamic patterns for speed of nbound large vessel on
Gadeok-sudo

Table 45 SPD, for inbound on Gadeok-sudo

Unit : %

Sector Vessel size
(from ~ to) Small Medium Large
1~2 -2.25 4.81 10.76
2~3 1.53 6.67 11.02
3~4 -3.40 4.82 8.17
4~5 0.78 2.57 6.47
5~6 -2.71 5.07 5.09
6~7 -0.80 1.17 3.12
7~8 2.81 0.25 1.67
8~9 2.34 0.45 -1.04
9~10 -1.15 -0.85 -1.92
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Fig. 105 SPD, for inbound on Gadeok-sudo
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Fig. 106, Fig. 107 ¥ Fig. 108 F4F 43} 7Y% 4= 3 &
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Outbound

Fig. 106 Dynamic patterns for speed of outbound small vessel on
Gadeok-sudo
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Fig. 107 Dynamic patterns for speed of outbound medium vessel on
Gadeok-sudo

- 136 -

(-)Collection @ kmou



Fig. 108 Dynamic patterns for speed of outbound large vessel on
Gadeok-sudo

Table 46 SPD, for outbound on Gadeok-sudo

Unit : %

Sector Vessel size
(from ~ to) Small Medium Large
1~2 -0.33 1.95 -3.90
2~3 1.67 5.77 2.48
3~4 1.48 3.33 6.67
4~5 -0.57 2.48 5.92
5~6 -2.45 1.78 5.59
6~7 1.09 0.70 3.81
7~8 0.58 0.97 2.76
8~9 0.25 1.25 2.97
9~10 1.15 0.81 2.34
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Fig. 111 Dynamic patterns for speed of inbound medium vessel on
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o
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Inbound

Fig. 112 Dynamic patterns for speed of inbound Large vessel on Ongdo

Table 47 SPD, for inbound on Ongdo route

route

Unit : %
Sector Vessel size
(from ~ to) Small Medium Large
1~2 0.00 0.14 -0.80
2~3 0.00 0.28 0.19
3~4 0.98 -0.66 1.18
4~5 -0.65 -0.18 -0.93
5~6 0.00 -0.32 0.24
6~7 -0.65 -0.59 0.33
7~8 0.00 0.30 1.97
8~9 0.99 0.52 1.42
9~10 0.33 -0.28 -1.04
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Outbound

Fig. 116 Dynamic patterns for speed of outbound large vessel on Ongdo
route

Table 48 SPD, for outbound on Ongdo route

Unit : %

Sector Vessel size
(from ~ to) Small Medium Large
1~2 -0.97 0.26 0.51
2~3 3.26 -0.78 -0.15
3~4 0.95 0.24 0.22
4~5 -1.25 -0.82 -240
5~6 -0.95 0.89 1.57
6~7 1.92 0.56 0.51
7~8 -2.82 -0.28 -0.15
8~9 161 -0.56 -0.15
9~10 1.27 -0.60 -0.29

- 143 -

Collection @ kmou



Speed diffence (%)
(=]

1~2 2~3 3~4  4~5 5~6 6~7 7-~8 &~9 9~10

—5Small vessel —Medium vessel ——Large vessel

Fig. 117 SPD, for outbound on Ongdo route
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Table 49 Result of dynamic traffic pattern at 3 traffic route

Collection @ kmou

Busan north port No.1 route Gadeok-sudo Ongdo route
Item
Small Medium Large Small Medium Large Small Medium Large
vessel vessel vessel vessel vessel vessel vessel vessel vessel
Symmetrical | Wedged | Symetrical | Wedged | Wedged | Wedged | Wedged | Wedged | Wedged
Moving slash slash straight slash backslash | backslash | straight | straight | backslash
n pattern | pattern | pattern | pattern | pattern pattern | pattern | pattern | pattern
bound . . . . . . .
8~9 Fixed Fixed Fixed Fixed 1~3 Fixed Fixed Fixed
Speed | Decderdtion | speed speed speed speed | Acderdtion | speed speed speed
section section section section section section section section section
Expanded | Symmetrical | Symmetrical | Expanded | Expanded | Expanded | Expanded | Expanded | Wedged
Moving | backslash slash slash backslash | backslash | backslash | backslash slash backslash
pattern | pattern | pattern | pattern | pattern pattern | pattern | pattern pattern
Out 1~3
bound Acderation | . . . . .
1~4 1~2 sedion Fixed Fixed Fixed Fixed Fixed Fixed
Speed | Accderdtion | Accderation 8~9 speed speed speed speed speed speed
stion sdin | Decelera ssdion sedion sedion scion secion sedion
tion
sedion
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Table 50 Type of marine accident on Busan north port No.l route

Unit : number

Type On route Out of route

Collision 6 11
Contact 3 4
Marine Pollution 0 7
Sinking 0 3
Stranding 0 7
Capsize 0 2
Engine damage 1 3
Thrust shaft damage 0 1
Fire 0 3
Steering gear damage 0 1
Person injured 0 0
Navigation hamper 0 2
Safety hamper 0 1
Other 0 1

Total 10 45
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Table 51 Type of marine accident on Gadeok-sudo

Unit : number

Type

On route

Out of route

Collision

2

4

Contact

Marine Pollution

Sinking

Stranding

Capsize

Engine damage

Thrust shaft damage

Fire

Steering gear damage

Person injured

Navigation hamper

Safety hamper

Other

R|lRr|lolo|lo| N R|lO|R|RFR|R|R

Total

o o/ Rr Ol RrRlOCOO OOl OO OC|O|HF

N
o
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Table 52 Type of marine accident on Ongdo route

Unit : number

Type

On route

Out of route

Collision

=
o

=
o

Contact

Marine Pollution

Sinking

Stranding

Capsize

Engine damage

Thrust shaft damage

Fire

Steering gear damage

Person injured

Navigation hamper

Safety hamper

Other

o/ w ol ol ojloololRr|loOo|loOo| o, o

PRI W Rk OO OO | N W|RKFL|O|RK

Total

=
N

w
~
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