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Abstract

The first stage of the SMART-Navigation project was completed in 2020, and a new project that aims to develop
smart AtoN (aids to navigation) has begun. If the location information of ships is continuously collected, processed
and accumulated, it will be possible to identify the behavioral characteristics of each ship and to combine the
characteristics of active ships at some point to provide various forms of predictive information. In this paper, we
describe how current and traditional fishing areas are identified based on the location information of fishing boats
and then introduce a new method for predicting fishing areas in advance using historical information of currently
active fishing boats.
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1. Introduction

The aim of the SMART-Navigation project is to expand
IMO's e-Navigation concept to develop specialized
services for Korean maritime traffic environment. The
SMART-Navigation project has been completed the first
stage in 2020[1][2]. A new project that aims to develop
the smart AtoN(Aids to navigation) has begun in 2021. It
consists of two key tasks: the advancement of smart AtoN
facility based
development of new AtoN services that based on Big
Data and Al(Artificial Intelligence).

on multi-purpose platform and

Various studies are continuing to increase safety at sea
by utilizing data analysis and information technology.
Various maritime anomaly detection studies have been
conducted [3]-[12]. Based on location information of
ships collected by the AIS(Automatic Identification
System), etc., hydrographic information through the
ENC(Electronic Navigation Chart), and environmental
information collected by various sensors, many studies
have been conducted to predict and warn collisions and
groundings, automatically extract optimal routes, or avoid
collisions on unmanned ships [13]-[30].

The SV1 service - NAMAS(Navigation Monitoring &
Assistance Service) of the SAMRT-navigation project
determines the risk of collision and the risk of ship
grounding based on the location information of ships and
other information that related to vulnerability and
provides prior warnings[31]-[35].

Various knowledge acquisitions from historical data
will be possible due to the long-term collection of various
information related to maritime safety. In this paper, we
explain the method to identify current and traditional
fishing areas in the SMART-Navigation services, and
present a novel method for predicting fishing areas based
on accumulated historical information obtained from
these processes.

This paper is organized as follows; Section 2 describes
data characteristics for the SMART-Navigation services;
Section 3 presents several methods to identify current and
traditional fishing areas; Section 4 presents new approach
to predict fishing areas based on each ship’s historical
data.

2. Data Characteristics for the SMART-Navigation
Services

The GICOMS(General Information Center on Maritime
Safety & Security) provides ship location information for
the SMART-Navigation services. Figure 1 shows AIS
data density in August 2017, and figure 2 shows more
detailed view of southern sea [33]. We segment each
region by 0.0025 degrees and color represent the region
based on the number of data collected. If the amount of
data was less than the minimum value, it was expressed
in white and black if the amount of data was greater than
the maximum value, and the values in between adjusted
the components of red and blue showed a difference

between pure red and highly mixed colors.

Figure 1: AIS position data density (08/2017) [33]

Figure 2: Detailed view of AIS position data density
(08/2017) [33]

Figure 3 shows V-Pass data density in August 2017.

Figure 3: V-Pass position data density (08/2017) [33]
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Table 1 shows the number of vessels classified by ship
type from April 2017 to April 2018.

Table 1: Number of ships that reported by AIS (classified
by type) (04/2017 ~04/2018) [35]

Ship Type Identified Reported
10 ~ 19(reserved) 95 73
20~29(WIG) 141 129
30(fishing) 20,557 20,271
31,32(towing) 350 339
33~36(diving, military) 484 455
37(pleasure) 1,819 1,814
40~49(HSC) 152 131
50(pilot) 123 116
51(SAR) 136 120
52(tug) 1,548 1,503
53~59(port tender, etc.) 444 424
60~69(passenger) 809 761
70~79(cargo) 21,727 21,462
80~89(tankers) 6,796 6,696
90~99(other) 1,162 1,111
Total 56,438 55,496

The number of fishing boats that reported its location
using V-Pass was 48,993 in 2017. Therefore, nearly
70,000 fishing boats are operating in South Korean waters
[35].

Table 2: Number of ships that reported by V-Pass (01/2017

~12/2017) [35]
Ship Type Identified Reported
Total 73,461 48,993

The Table 3 shows the number of V-Pass reporting ships
classified by tonnage in 2017. The figure 4 shows sea
areas classified by the distance from mainland (and the

Jeju island).
Table 3: Number of V-Pass reporting ships in sea areas
(01/2017 ~ 12/2017) [33]
Tonnage Area2 (30 ~ Area 3 (Over
50km) 50km)
Under 2 tons 209 7
2 tons ~ 5 tons 853 124
5 tons ~ 10 tons 2,078 886
10 tons ~ 20 tons 216 122
20 tons ~ 50 tons 957 833
Over 50 tons 672 604
unknown 67 24

Total 5,052 2,600

[ 30~ 50km
M : over 50 km

Figure 4: Sea areas [33]

3. Discovering Fishing area

In fishing vessels operating area, fishery, fishing line,
trawl net and other fishing gears limit traffic performance
and cause collision accidents and other accidents such as
obstructing the route of other ships or netting the propeller.
Because the route planning of the merchant ships is
usually designed to avoid traditional fishing grounds and
areas with dense fishing fleets, discovering the current
and traditional fishing areas is one of the key functions of
the SMART-Navigation services [38].

3.1 Identifying the Status of Fishing vessels

Fabio Mazzarella et al. proposed a method that
automatically extracts knowledge from AIS data to
discover fishing area. While in port, the ship has a very
low SOG(Speed on Ground) and a COG(Course on
Ground) that changes very rapidly. When the ship is
steaming, its SOG is around 8 knots and its COG is
almost constant. During its fishing operation, finally, both
the SOG and COG change in a very random and fast
manner [36]. We can estimate the status of fishing boats
using these characteristics.

Various methods for identifying fishing areas have been
tried and developed [37]. Figure 5 shows result of [37]
from monthly data in Icelandic waters. They extracted
tracks from all AIS positions and then extracted stops and
moves by the events identification algorithm.
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Figure 5: Fishing footprint of Iceland waters [34]
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3.2 Identifying Current Fishing Areas

We first applied the method in [36] to remove the sailing
vessels and then applied the Fuzzy C-Means clustering
method to group the vessels to identify current fishing
area [38]. Figure 6 shows the result of each process.

(a) remove sailing ships
-

(b) Clustering

Figure 6: Discovering current fishing area [38]
3.3 Identifying Traditional Fishing Areas

Identification of traditional fishing areas goes through
the following steps.

Step 1: Identification of current fishing areas

(1) Identifying the status (stopped/sailing/in fishing

operation) of the wvessel using location
information collected in the last five minutes
(COG standard deviation, current SOG, SOG

mean value, SOG standard deviation, etc.).

(2) Composition of a zone with a density of over a

certain size as convex hull
(3) Removing coastal areas such as port areas

(4) If necessary, it shall be displayed in the form of
maps by area.

Step 2: Data Accumulation

Step 3: Identify traditional fishing areas from
accumulated data.

Figure 7 shows the result of identifying traditional
fishing areas by 2017’s location information.

Figure 7: Identifying Traditional Fishing Areas (2017) [34]

4. New Approach to predict the fishing areas

If location information for each vessel is continuously
collected and analyzed, it will be possible to identify the
characteristics of each vessel's activities. When sufficient
data are collected, each vessel's performance (average
speed, maximum speed, etc.) and behavior characteristics
(major activity areas, average sailing time, average
fishing time, etc.) will be obtained, and it will be possible
to predict the behavior of the vessel based on historical
information of one day, one week, and one month. If this
information is constantly analyzed and accumulated,
more accurate behavior predictions will be possible.

Figure 8 shows sample case #1; identifying fishing areas
by 1-day data. We can find 2 stopped points (E125.713

N34.572, E125.70 N34.63) and 3 rectangular fishing
areas.
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Figure 8: Identifying fishing areas by 1-day data [34]

Figure 9 shows sample case #2; identifying fishing areas
by 1-month data. We can find 4 stopped points and 3
fishing areas.
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Figure 9: Identifying fishing areas by 1-month data [34]

Figure 10 shows sample case #3; identifying fishing
areas by 1-year data. We can find several stopped points
and several fishing areas. We can see several data errors
in SOG graph. The performance data of this ship can be
used to eliminate these invalid data.
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Figure 10: Identifying fishing areas by 1-year data [34]

In identifying fishing areas, collecting engine stopped
locations for each fishing boat can be the most important
task. Excluding port areas, the engine stopped points for
each fishing boat can be either a fishing area or a resting
area during fishing operation.

Information on each ship's fishing area should be stored
efficiently. The information to be included is the
coordinates of the stopped location and the number of
stops, the geometric shapes of each region (circles,
squares, etc.), and the associated values (length, angle,
etc.). It also requires the ability to efficiently construct one
large region by integrating adjacent regions. The ability
to construct paths from a set of points and regions from a
set of paths is essential.

For fishing boats, fishing area information can be the
most important business secret. Therefore, for safety
purposes, information on each fishing boat's activities can
be collected and integrated to provide information on
fishing areas to other commercial ships, but there should
be the anonymity or de-identification process to prevent
leakage of business secrets of individual fishing boats
[39]. Fishing area information should be provided only to
users who need it, thereby preventing misuse of
information.

5. Conclusions

In this paper, we introduce a method to extract new
knowledge by continuously collecting ship's location
SMART-Navigation
services, especially fishing boat location information.

information collected by the

Collecting and analyzing the location information of
fishing boats over a long period of time to identify the
characteristics of each vessel's activities enables more
accurate forecasting of fishing areas and provides an
opportunity to bypass those areas during the course
design phase.

In the future, more sensor information will be collected
when the smart AtoN is developed, and it is expected that
new maritime safety services will be developed by
combining them together.
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