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Abstract @ The position of existing patrol ships has been decided according to subjective judgments, not purely by any reasonable or scientific
criteria, because of a lack of access to marine accident positions. In this study, the optimal location of patrol ships is quantitatively determined
based on historical marine accident data. The study area used included the coastal sea of Pohang in South Korea. In this study, a k-means
clustering algorithm was used to derive the location of patrol ships, and then a Voronoi diagram was used to divide the region around each patrol
ship. As a result, the average navigation distance for patrol ships was improved by 4.4 nautical miles, and the average arrival time was improved
by 13.2 minutes per marine accident. Moreover, if the locations of patrol ships need to be changed flexibly, it will be possible to optimally arrange

limited resources using the technique developed in this study to ensure a fast rescue.
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Fig. 2. Procedure of k-means clustering.
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Table 1. Status of marine accidents in Pohang coastal seas

Type Number of marine accidents
collision 104
grounding 15
capsizal 10
sinking 8
distress 3
casualty 23
engine trouble 16
fire 22
explosion 3
others 6
Total 210
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Fig. 3. Location of marine accidents.
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Table 3. Location of centroid by cluster k&

k Location of centroid

k=2 36° 158" N 129° 40.1" E, 36° 34.8° N 131° 29.7 E

=3 36° 29.5° N 131° 444" E, 36° 46.5° N 129° 454" E

35° 58.3° N 129° 40.2" E -

=t 35° 58.0° N 129° 38.7" E, 36° 32.2" N 132° 40" E

36° 45.1° N 129° 38.5" E, 36° 33.8° N 130° 434" E
36° 51.5° N 130° 29.6" E, 36° 53" N 131° 163" E
k=5 36° 437 N 129° 36.8" E, 35° 57.6° N 129° 38.8° E
36° 51.9° N 132° 19.8° E -
36° 437 N 129° 36.5" E, 36° 6.8° N 131° 21.9° E
k=6 36° 51.9° N 132° 19.8° E, 36° 57.7° N 130° 28.1" E
35° 57.2° N 130° 9.7° E, 35° 583" N 129° 352" E
36° 23.5° N 129° 40.1° E, 36° 544" N 130° 30.1" E
=7 36° 51.9° N 132° 19.8° E, 35° 554" N 129° 349" E
36° 54.1° N 129° 35.0° E, 36° 6.8° N 131° 21.9° E
35° 54.1” N 130° 94" E -
36° 51.0° N 129° 35.0° E, 36° 56.8° N 130° 304 E
=8 36° 23.5° N 129° 40.1" E, 36° 12.5" N 130° 47.2° E
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35° 557 N 129° 34.1" E, 36° 3.3’ N 131° 38.3° E
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