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Abstract: For developing national maritime traffic routes through the coastal waters of Korea, the
customary maritime traffic flow must be accurately identified and quantitatively evaluated. In
this study, the occupancy time of ships in cells was calculated through a density analysis based on
automatic identification system data. The density map was statistically created by logarithmically
transforming the density values and adopting standard deviation-based stretch visualization to
increase the normality of the distribution. Many types of traffic routes such as open-sea, coastal,
inland, and coastal access routes were successfully identified; moreover, the stretch color ramp ratio
was reduced to identify routes having relatively high density. Adopting a single standard deviation
and demonstrating the top 25% of color ramps, the analysis afforded the main routes through which
customary traffic flows. This novel density analysis method and statistical visualization method is
expected to be used for developing national maritime traffic routes and should ultimately contribute
to maritime safety. Moreover, it provides a scientific means and simulator for determining the
navigation area and analyzing conflicts with other activities in marine spatial planning.

Keywords: maritime traffic; automatic identification system data; spatial-temporal density; national
maritime traffic route; logarithmic scale; stretch symbolization

1. Introduction

The importance of maritime traffic in the shipping industry continues to increase
because shipping activities are wide-ranging and directly affect the security, safety, and
environmental and socio-economic factors [1]. Moreover, maritime traffic is impacted by
rapid technological developments and various marine environments such as increases
in ship size, the emergence of autonomous ships, marine tourism, and offshore wind
farms [2-4]. Such changes in the marine traffic environment and interactions among
multiple stakeholders in the marine space threaten the safety of ship passage [5,6]. In this
context, Korea is attempting to develop a national maritime traffic route to ensure the safety
of navigation. A national maritime traffic route is a water area designated by the country
as a route for ships [7] and is organically combined with maritime traffic facilities to ensure
fast, safe, and convenient ship navigation [8]. For example, in Taiwan, the Changhua wind
farm channel implements a two-way traffic scheme that separates the northbound and
southbound traffic to preserve the existing customary traffic flow in offshore wind farms [9].
As another example, a main public shipping route was established along the complicated
coast of Zhejiang, China, to ensure the safety of ships [10].

To improve the efficiency, sustainability, and environment friendliness of marine-
resource use, multiple countries have adopted marine spatial planning (MSP) for maritime
policy and decision making [11,12]. Based on the MSP concept, marine use zones in Korea
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are classified into nine types by purpose of use. The zone related to maritime traffic is
defined as a port and navigation zones to ensure the maintenance of port functions and
safe navigation of ships [13]. Most zones comprise port areas, fairways, traffic lanes, traffic
separation schemes (TSS), anchorages, and specific sea areas for traffic safety (designated as
legal areas under the Maritime Safety Act) [14]. However, the customary traffic flow of ships
along the coast is not preserved [15] and traffic density is assigned a smaller weight than
the other evaluation items for designating ports and navigation zones [16]. Moreover, the
grid resolution is extremely low to properly capture the traffic density when establishing a
marine spatial plan. Therefore, an effective methodology for traffic-density zone mapping
is important for a quantitative MSP-based evaluation of actual maritime traffic in the coastal
waters of Korea.

Maritime traffic analysts use automatic identification system (AIS) data, which are
based on ship trajectory data, to understand the characteristics and distribution of maritime
traffic and perform statistical and risk analysis [17-19]. It is a system for transmitting
messages containing dynamic and static information from ships and for receiving messages
from base stations and other ships [20-22]. Installation of AIS system is mandatory for
all ships of 300 gross tonnages and upwards on international voyages, cargo ships of
500 gross tonnage and upwards not engaged on international voyages and passenger ships
irrespective of size [23]. The AIS automatically informs ships of other ships’ positions
and identifications [24], which not only helps with collision avoidance but also provides
trajectory information reflecting the density of vessels at sea [25]. The traffic flows of ships
are not random but collectively form patterns. Therefore, methods that evaluate the density
of maritime traffic and quantitatively extract the hotspots have become an important part
of maritime intelligence services [26].

In addition to the recent development of sensing technology and storage and pro-
cessing technologies for big data, voluminous AIS data have been accumulating in real
time. Therefore, various studies such as ship densities, motion patterns, traffic predictions,
and routes extractions are being conducted using AIS data [27,28]. To begin, some studies
have performed clustering algorithm based on AIS trajectories. Lee et al. grouped similar
AIS trajectories using the Hausdorff distance and Douglas—Peaker algorithms and then
identified traffic routes using the density-based spatial clustering of applications with
noise (DBSCAN) algorithm [29]. Based on kernel density estimation (KDE) analysis, finally
determined the width of the route and statistically evaluated the waypoints. Applying
the Douglas—-Peucker and DBSCAN algorithms, Rong et al. divided each ship route into a
turning section and a route leg for characterizing ship behavior [30]. Wang et al. proposed
a new ship-trajectory clustering method based on a Hausdorff distance algorithm and hier-
archical DBSCAN (HDBSCAN) [31]. Chen et al. applied a DBSCAN algorithm to identify
the hotspots of ship traffic as an indicator for maritime safety operators [32]. Several other
studies have analyzed ship density by using AIS data and grid cells. To gain geographic
visualization and insights into shipping movements, Willems et al. applied KDE to density
analysis while accounting for ship velocities [33]. Wu et al. conceptualized shipping density
as both vessel and traffic density calculating the number of ships per unit area per unit time
and thereby developed a density map [34]. Yang et al. proposed a ship-size conversion and
grid-based density model based on nonparametric KDE, which considers the effect of ship
size on traffic safety [35]. Finally, there are study on the extraction of maritime traffic routes
using AIS data. Lee et al. analyzed AIS data using KDE and extracted the traffic routes
using an image processing technique [36]. As another study, Lee et al. extracted marine
traffic routes in Korea coastal waters by dividing in 16 areas and selecting the top 50% of
results of density analysis based on ship trajectories [37].

Most studies based on AIS data identify the traffic patterns and create routes using
clustering algorithms, KDE, density analysis, and similar methods. However, the spatial
extent of ports and other relevant areas is on the regional scale and the analytical data are
collected over several days or months, insufficient for explaining the seasonal effect. More-
over, the visualization method cannot be quantified for map creation from the maritime
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traffic analysis result. Most of the ship density models in previous studies were based on
the number of ships or AIS messages within each cell or adopted probabilistic analyses
such as KDE. These analytical methods have specific limitations; for example, AIS-message
intervals are irregular and the actual traffic conditions, such as the ship’s moving speed and
sailing time, cannot be captured. As no global standard method exists for density analysis
and evaluation in the maritime traffic field [38], one must study and develop various types
of methodologies based on the historical AIS data.

This study proposes a new methodological concept of spatial-temporal density analy-
sis using maritime traffic data to build Korea’s national maritime traffic route. The voyage
time of the ships in each cell is calculated by combining the ship occupancy time (the
temporal concept) with the trajectory (spatial concept). This combination of concepts solves
the problems caused by the irregular reporting intervals of AIS messages; in particular, it
requires no data interpolation or parameter selection. Furthermore, as this new method
can reflect the ship speed, it can accurately calculate the density similar with actual traffic
situations. Through appropriate visualization and extraction of the density analysis results,
this new method enables the final selection of the primary traffic route to be defined as
the navigation area for ships in MSP. This basic principle and methodology for building a
national maritime transport route will possibly contribute to navigation safety and marine
accident prevention. Among the possible contributions are optimal route determination,
passage planning, and vessel traffic services.

The rest of this paper is organized as follows: Section 2 provides a general overview
of the study, the data used, and the analysis area and methodology. The detailed analytical
results are presented in Section 3. Section 4 compares the results with those of a previous
study that extracts Korea’s maritime traffic routes through a density analysis. Section 5
concludes the study, describes the limitation of the study, and suggests primary directions
for future research.

2. Materials and Methods
2.1. Overview of Study

In this study, the ship occupancy time in each cell was calculated by density analysis
using AIS data and a density map was created from the results. Figure 1 shows a flowchart
of the study process. First, a large volume of AIS data was preprocessed with Python,
and the extracted data were divided into data period of season, ship type, length, and
speed. Then, in the geographical information system (GIS), the spatial extent of the area
of interest (AOI) was defined and the grid of a certain size was created. The densities
were calculated using structured query language (SQL) by importing the preprocessed
AIS data and grid cells into database. The density values were subjected to descriptive
statistical analysis and the data were scaled via log transformation. Finally, a density map
was created in GIS environment using a standard-deviation-based stretch symbolization
method. After visualizing the traffic patterns for each type of ship, the high-density areas
were quantitatively extracted by adjusting the color ramp ratio of the stretch with the
density values of all ships.
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Figure 1. Flowchart of the proposed maritime traffic density analysis using an automatic identification
system (AIS) data and density map creation.

2.2. AIS Data

This study performs a maritime traffic-density analysis on AIS data collected by the
General Information Center on Maritime Safety and Security (GICOMS), which is operated
by the Ministry of Oceans and Fisheries of the Republic of Korea. The data were collected
through AIS base stations and satellites for monitoring the ships and preventing marine
accidents [39]. AIS message information is divided into dynamic and static information.
Dynamic information includes the locations (latitude, longitude), dates and times, speeds,
and courses of ships, while the static information includes the Maritime Mobile Service
Identity (MMSI) number, ship type, International Maritime Organization (IMO) number,
ship length, and ship width [21].

The AIS data in the present analysis cover the entirety of Korea’s coastal waters and
their temporal range is several months (covering various seasons). The ship types in AIS
data are classified into 90 identifier numbers [40]; excluding the identifier numbers reserved
for future use, 20 types of ships with different use characteristics can be identified. This
study targets four types of ships with constant and customary traffic patterns: cargo ships,
tankers, passenger ships, and towing ships. As these four types of ships carry cargoes or
people, they establish a regular and clear traffic pattern based on the major trade ports.
Such traffic patterns have large-scale consequences in the event of a marine accident. For
example, when the oil tanker MV Hebei Spirit collided with a barge carrying a crane that
was towed by a tugboat, a large amount of crude oil spilled off the west coast of Korea,
causing serious marine pollution [41]. To identify the main traffic patterns of the ships,
the density calculations were based on occupancy times alone, ignoring the data of ship
berthing, unberthing, mooring, and anchoring. The dynamic information of reporting
intervals of Class A ships is specified in the ITU technical standards (see Table 1). Note that
the reporting intervals of anchored or moored ships depend on speed (>3 knots (kts) or
<3 kts) [40]. This study excludes the trajectory data of ships moving at 3 kts or less. Because
the navigation patterns of small ships are irregular and widely distributed, the trajectories
of ships <60 m length are excluded.
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Table 1. Reporting intervals of Class A shipborne mobile equipment.

Ship’s Dynamic Conditions Reporting Interval

Ship at anchor or moored and not moving faster than 3 knots 3 min
Ship at anchor or moored and moving faster than 3 knots 10s
Ship moving at 0-14 knots 10s

Ship moving at 0-14 knots and changing course 31 /38
Ship moving at 14-23 knots 6s
Ship moving at 14-23 knots and changing course 2s
Ship moving at 23 knots or more 2s
Ship moving at 23 knots or more and changing course 2s

Table 2 compares the characteristics of our data with those used by Lee et al. [37] who
previously analyzed maritime traffic in Korea. Both studies used the seasonal data in March,
June, September, and December of 2018. Lee et al. used one week of data in each of the
four seasons, whereas this study uses one month of data in each of the four seasons. Both
studies considered the same types and lengths of ships, but this study imposes additional
conditions on ship speed as noted above.

Table 2. Comparison of the AIS data used in the analysis of Lee et al. [37] and the present study.

Categorization Lee et al.’s Study [37] This Study
one week by season one month by season
1-7 March 2018 1-31 March 2018
Data period 1-7 June 2018 1-30 June 2018
1-7 September 2018 1-30 September 2018
1-7 December 2018 1-31 December 2018
Ship types cargo ships, tankers, passenger ships, towing ships
Ship length over 60 m (>60 m)
Ship speed - over 3 knots (>3 kts)

2.3. Analysis Area and Grid Division

The coastal waters of the Republic of Korea, located in East Asia, were selected for
analysis. Note that >90% of Korea’s import and export cargo is transported by ships and the
geographical characteristics of Korea have prompted the development of Korea’s shipping
industry [42]. Therefore, many ships pass via the coastal waters of the Republic of Korea
and handle large volumes of cargo, primarily in the ports of Busan and Incheon. The
complete area (including the territorial waters) and the exclusive economic zone (EEZ) as
a partial area were selected for analysis. Figure 2 shows the approximate geographical
location of the analysis area. The internal boundary is the territorial sea (the sea area
adjacent to the territory), which comprises the coastal sea, the inland sea, bays, and straits.
It extends to a width of 12 nautical miles from the baseline. The territorial sea includes
multiple islands and dangerous zones such as low-depth areas requiring special attention
for ship passage. The external boundary is the EEZ, a sea area up to 200 nautical miles
from the baseline, where marine scientific research or installation and use of facilities
is permitted.
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Figure 2. Analysis area covering the coastal waters of Korea and the grid composed of 1 km x 1 km cells.

A density analysis requires a grid of certain-sized cells within the analysis area [34].
Both Marine Cadastre and the Northeast Ocean Data portal, an integrated maritime in-
formation system in the United States, supply information related to maritime traffic
(particularly vessel transit counts) in 100-m cells [43]. European marine observation and
data network (EMODnet), supported by the EU’s integrated maritime policy, adopts 1-km
cells to cover all EU waters and certain adjacent areas [44]. In this study, the cell size was
selected as 1 km considering the speed and capacity problems caused by processing and
calculating big data. To prevent unnecessary computation and excessive data size in the
cells of the analysis area, the portions overlapping land were removed. The final set of cells
was only composed of sea area. The resulting grid contained 323,691 cells, including the
harbour along the coastlines.

2.4. Density Model
2.4.1. Definition of Ship Density

Although there is no standard definition of density and no standardized methodology
for analyzing maritime traffic fields, density is generally defined as the number of ships per
unit area [45]. However, since all maritime traffic-density analyses are based on historical
AIS data, various analysis can be performed depending on the data types (e.g., points or
lines) and analysis methods, all with potentially different results. One method calculates
the density from raw AIS point data; another method calculates the line density based on
line data that connect points belonging to the same MMSI over time; the other method
counts the number of lines as the number of ships [37,38,44].

Point density calculates the density of point features in the neighborhood of each
output cell. The neighborhood, which is the search radius, is defined around each cell
center, and the number of points within the neighborhood are summed and divided by the
area of the neighborhood.

The line density defines the density of linear features in the neighborhood of each
output cell. The line density is expressed as length per unit area and is calculated by
Equation (1). A circle representing the search radius is centered on each output cell and the
length of each line in the circle is multiplied by its weight value. The density of each cell is
obtained by adding these individual products and dividing the result by the circle’s area:

(Ln X Vi) + (Lyg1 X Viuy1)

Line Density = Area of Unit

)
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where L, represents the length of the portion of each line within the circle and V;, represents
the corresponding weight, which may be a ship attribute value.

Another analysis method can yield the probability density function of ship density to
visualize the maritime traffic [35]. The KDE method estimates the data distribution non-
parametrically rather than assuming the parametric form of a data sample in advance. To
determine the probability density function of ship density, KDE determines the appropriate
kernel function and bandwidth by generating a kernel function based on the data value
of each observation, adding all the generated kernel functions, and dividing by the total
number of samples. The formula is then determined by.

= 3 L5 @

where f(x) is the estimate of f(x), x is a random variable representing ship density, x; is an
observation, K is the kernel function, / is the bandwidth, and 7 is the number of samples.

The message reporting interval in AIS data varies from 2 to 10 s depending on ship
speed and on whether a ship is changing course (Table 1) [40,46,47]. This variability limits
the accuracy of density calculation methods based on the number of AIS data points.
Because a ship’s trajectory is recorded at irregular intervals, slower ships record additional
data points per unit track than fast ships, thus distorting the volume of passage [48]. This
problem can be overcome by developing trajectory lines based on the AIS positional data
and performing a density analysis of the number of transiting ships (i.e., the number of
trajectory lines in a cell). Although this method is simple and intuitive, the analysis result
of the same dataset widely varies with cell size, and a ship that only barely crosses a given
cell is counted equal to a ship crossing the full length of the cell. These weaknesses reduce
the accuracy of this method. A third alternative calculates the length of each trajectory
line in the cell. This method overcomes the limitations of the previous method and is
more quantitative, but the resulting values are non-intuitive and the given result cannot be
interpreted as the concentration of transiting ships.

This study calculates the density of maritime traffic from the occupancy time, defined
as the time in which a ship crosses a unit area (therefore, its units are time per area). This
new analysis method adopts the updates of the EU vessel density map detailed method
of EMODnet Human Activities [44]. As the summed occupancy times are calculated over
a span of 1 month, the density can be defined as the occupancy time in hours per square
kilometer per month. This analysis method can transcend the limitations of the temporal
AIS data in which different ships are sampled at different intervals. Even when multiple
ships sail the same track or the same distance, this new method is sensitive to ship speed
and thus best reflects the real traffic environment.

2.4.2. Density Analysis Procedure

Figure 3 shows the flowchart of the spatial-temporal density analysis procedure. First,
an area is defined and grid cells of a certain size are created. Next, the collected AIS data
is pre-processed for density analysis. This step divides the large dataset to facilitate data
processing. The dynamic and static data of each individual files are based on the same
MMSI number. Next, the AIS data for analysis are extracted by filtering under multiple
conditions such as data period, analysis area, ship type, and ship size. The preprocessed
AIS data in csv format are then imported into a relational database that handles data
importing, analysis, and lookup operations. The preprocessed AIS data are point data,
including the ship-position information and various attributes of ship information.
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Figure 3. Flowchart of the spatial-temporal density analysis.

A spatial analysis on a continuous 2D space requires a geometric scheme and a
coordinate system. As the spatial coordinate system, this study adopts the EPSG:4326
spatial coordinate system of the European Petroleum Survey Group (EPSG) standard
developed for mapping, surveying, and geodetic data storage. EPSG:4326 is based on the
World Geodetic System 1984 (WGS84) and is used for global position system (GPS) data.

For each given MMSI, every two-consecutive ship position can be connected by a line.
As each trajectory point contains a timestamp record, the occupancy time along a line can
be determined by calculating the time (in h) difference between two consecutive points.
Moreover, the length of each line (in km) can be obtained from the spatial coordinates. By
intersecting the created lines with the cells and using the time and length properties along
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each line, one can determine the density of the occupancy time of a ship in a given cell over
a given timespan.

2.4.3. Density Calculation

The density is calculated as follows. If the line developed between a pair of consecutive
positions of a ship crosses two or more cells, the length of the line segment that crosses a
cell can be calculated. To calculate the occupancy time of a ship in each cell, the length of
the line segment is divided by the total line length and then multiplied by the total line
time. The density in each individual cell is then determined by calculating the time value
of each line segment and adding all time values associated with the cell:

S
_\" ]

D; = ijl L x T; (3)
where D; is the ship density (h) in cell 7, L; is the total length (km) of the line, Sj is the
partial length (km) of the line j intersecting the cell , T; is the total time (h) along the line
j and 7 is the number of lines associated with the cell. Therefore, the density is the time
spent by each ship (in hours) in a given cell during the full timespan (e.g., one month).

3. Results
3.1. Basic Data Analysis

Table 3 shows the basic AIS data parameters used in the analysis. Based on these
data, the numbers of positions and ships were largest for cargo ships, followed by tankers,
then passenger ships, and finally towing ships. Among all positional data, the proportions
of positions with speeds over 3 kts were 78.7% for cargo ships, 64.8% for tankers, 61.0%
for passenger ships, and 33.0% for towing ships. The low value for towing ships can be
explained by the main usages of towing ships (berthing and unberthing processes when
entering and leaving ports), which are generally performed at low speed. Considering the
total numbers of ships over the full timespan, cargo ships were more than three times as
numerous as tanker ships. In the case of passenger ships, although the number of ships
per season maintained a relatively constant order of magnitude, it decreased by half in
winter (December). The increases and decreases in traffic volume of each type of ship
demonstrated similar seasonal trends.

Table 3. Basic characteristics of the AIS data used for analysis.

Number of

Ship Type Month Nun}b'er of Positions Number of Ships Data Volume
of 2018 Positions (SOG > 3 knots) (Iength > 60 m) (GB)
03 112,602,933 89,955,498 7763 12.5
Cargo 06 131,960,904 110,392,193 8972 154
ship 09 98,351,980 75,955,889 6886 10.7
12 89,252,999 66,234,580 4384 9.31
03 53,489,806 34,745,229 2233 4.85
06 54,331,716 36,546,685 2334 5.10
Tanker 09 47,709,507 31,655,321 1840 442
12 48,044,502 29,162,586 1377 4.05
03 6,568,032 3,737,138 141 0.52
Passenger 06 8,046,074 5,322,055 165 0.75
ship 09 6,780,066 4,281,118 145 0.61
12 6,662,976 3,862,198 76 0.55
03 2,036,415 719,845 59 0.10
Towing 06 2,194,433 959,639 89 0.13
ship 09 2,553,897 696,911 90 0.09

12 2,926,842 756,068 47 0.10
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3.2. Creating Ship Trajectory Lines

Figure 4 shows the trajectory lines of the different ship types derived from the point
data and used in the density analysis. All plots are presented on the same scale to include
the analysis area of the coastal waters of Korea. On this scale, we can compare and
understand the overall international and local routes of different ship types. The lines
between each two consecutive points for the same MMSI were constructed based on
chronologically sorted records. To prevent the creation of inaccurate or incorrect lines,
lines of 30 km or longer and time intervals of 6 h or more between two consecutive points
were excluded. This restriction avoided potential errors caused by the irregular reporting
intervals of AIS data, in addition to potential errors created when ships stop sending
messages during a voyage and resume communication after several days.
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Figure 4. Trajectory line segments constructed from consecutive position points in AIS data: (a) cargo
ships, (b) tankers, (c) passenger ships, and (d) towing ships.
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3.3. Density Calculation Results

Table 4 shows the descriptive density statistics of the four ship types and of all ships.
As mentioned above, the temporal span of the analysis was one month. The density value
in each cell is the total occupancy time (in hours) of the ships in that cell during one month.
As four months of data were analyzed for each ship type, the density can be interpreted as
the total occupancy time of the ships in a given cell over a four-month span. The results
of this analysis method are easily interpreted because the density value has a temporal
meaning. Moreover, the average instantaneous number of ships per square kilometer can
be obtained by dividing the cell density value by the total timespan of the dataset (in this
case, four months, equal to 2928 h). However, as this study targeted only trajectories with
speeds of >3 kts, an instantaneous value can be defined as the average number of ships
sailing at a certain speed rather than all ships in the actual environment.

Table 4. Descriptive statistics of density calculation results by ship type.

Ship Type N Total Mean SD Sum Skewness Kurtosis Min Median Max
Cargo ship 323,674 2.34 8.22 756,840 56.36 7933 7.9 x 10710 0.8621 1718
Tanker 321,424 1.15 7.58 368,430 87.94 12,876 1.7 x 10710 0.2462 1617
Passenger ship 92,948 0.33 5.25 30,300 90.67 10,533 52 x 10~1 0.0316 757
Towing ship 106,030 0.12 0.96 12,671 47.78 3260 9.7x 1071 85x107° 86
All ships 323,688 3.61 14.0 1,168,241 43.12 3578 5.5 x 1077 1.2078 1725

Among the total number of cells constructed within the area of interest (323,691 cells),
N cells were used for the density calculation of a given ship type. The grid number N
was smallest for passenger ships, which are known to closely adhere to specified repeated
routes. Towing ships, with the second-smallest N, typically sail close to the coast rather
than on the open sea. The largest numbers of cells were occupied by cargo ships and
tankers whose voyages vary widely. The average ship-occupancy times per cell during the
four-month span, obtained as the means of the density calculation results, were 2.4 h for
cargo ships, 1.1 h for tankers, 0.3 h for passenger ships, and 0.1 h for towing ships.

3.4. Creating Density Maps
3.4.1. Logarithmic Scale and Symbolization

The density calculation results show a broad statistical distribution with large skew-
ness and kurtosis values. The analyzed datasets reduced the normality because they are
asymmetric and heavily concentrated around the mean. In general, values that range by
orders of magnitude are logarithmically scaled to close the gap between the large and small
values while reducing the skewness and kurtosis. The logarithmically scaled dataset with
increased normality is suitable for a broad range of data analysis [49]. In this study, the
density distribution was logarithmically scaled to improve the visibility of low values in
particular. Figure 5 shows the histograms developed by applying a logarithmic scale to the
density analysis results of each ship type and the set of all ships. After log-transformation,
the data distribution closely approached the normal distribution.

To improve the visualization of the log-transformed density-analysis results, this study
adopted a raster data symbolization method called stretch. When applied to a raster dataset
histogram, stretch increases the visual contrast among the cells and enhances the image by
spreading the pixel values along a histogram. The color of a stretched data point indicates
the extent of the value along the color ramp [50]. This method is advantageous because it
emphasizes the variation among the most common values without overemphasizing the
lowest or highest values. That is, it adapts to the specified range of values by focusing on
the common input values while ignoring outliers and tails of the distribution. Stretch types
include minimum maximum, percent clip, and standard deviation. In general, most of the
values can be assumed to fall within the upper and lower limits, and therefore trimming
off the extreme values is statistically reasonable [50].
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Figure 5. Histograms of logarithmically transformed density values representing raster pixel values.
The red histogram shows the linear redistribution of the values originally lying between -1 standard
deviation and +1 standard deviation from the mean over the entire observed range.

In this study, standard deviation was adopted as the stretch type and linear stretching
was applied between the limit values defined by the standard deviation. In normally
distributed data, these limits cover ~68.2% of the data at +1 standard deviation, ~95.4% at
+2 standard deviations, and ~99.5% at 43 standard deviations from the mean [51]. Here,
the number of standard deviations in the stretch method was set to one for identifying
the customary maritime traffic patterns that are relatively unaffected by extremely high-
traffic ports or low-traffic sea areas. As shown in Figure 5, stretching redistributed the
range corresponding to one standard deviation on both sides of the mean in the original
histogram of density values. The redistribution was achieved by linearly extending the
selected range over the entire observed range.

3.4.2. Density Maps by Ship Type

Figure 6 shows the visualization results of the density calculations for each ship type.
The traffic density of cargo ships was high along the coast from Incheon to Donghae, and
the routes of ships entering and departing from major domestic ports were clearly evident.
In addition to coastal routes such as harbor approach routes and coastal access routes,
open-sea routes with low density values were clarified. However, tankers were reported at
high density in Ulsan, which handles voluminous liquid cargo. Other tanker routes, namely,
to Incheon, Pyeongtaek, Daesan, Gunsan, and Yeosu, demonstrated high densities too. The
tanker density on the route around the coast was similar to that of cargo ships along the
west and south coasts but lower than that of cargo ships along the east coast. Passenger
ships were divided into domestic and international routes. The domestic passenger ships
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traveled from Jeju to Mokpo, Wando, and Geomundo, along simple routes between Pohang
and Ulleungdo, and along major routes between islands. The international passenger ships
traveled between Japan and Busan and between China and Incheon, Pyeongtaek, and
Gunsan. Towing ships demonstrated a more irregular traffic pattern than the other three
ship types, with complex and variable routes. They included a route from the coast to the
open sea (probably taken by rather large towing ships) and a route within the waterway
(probably taken by small tug boats supporting port entry and exit).
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Figure 6. Visualization of log-transformed density values by ship type using standard-deviation-
based stretch symbolization: (a) cargo ships, (b) tankers, (c) passenger ships, and (d) towing ships.

Figure 7a shows the result of merging the density analysis results across all ship types.
By adding the four-month density analysis values of the cargo ships, tankers, passenger
ships, and towing ships, we can determine the customary maritime traffic flows of major
ships through the coastal waters of Korea. Open-sea routes were identified as routes in the
ocean and the near-seas connecting coastal routes, whereas inland routes were identified
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between islands and through relatively narrow waterways. Routes designated for entering
and exiting ports, which can be potentially utilized under the current Maritime Safety Act,
were identified, in addition to coastal access routes connecting coastal and inland sea routes
with port entry and exit routes.
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Figure 7. Visualization of log-transformed density values for all ships using the standard-deviation-
based stretch symbolization. The continuous color scheme of stretching is applied to (a) 100%, (b) the
top 75%, (c) the top 50%, and (d) the top 25% of the full range.

The high-density routes were those that remained after sequentially reducing the total
percentage of the stretch color ramp from 100% to the top 75%, 50%, and 25%. The route
with the highest density, which circulates along the coast, was apparent even when only
the top 25% of the stretch ramp was shown. After reducing the percentage of the stretch
color ramp to 25% (Figure 7d), most of the open-sea routes disappeared and only the inland
routes, coastal access routes, and coastal routes remained. These analysis results provide a
quantitative scientific method for extracting and designating a major maritime traffic route
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within the coastal waters of Korea because they allow an objective, accurate visualization
of the main route.

4. Discussion

The results of the present study differed to some extent from those of Lee et al. [37]
who extracted the maritime traffic routes in Korea based on a density analysis [37]. Three
key features of Lee et al.’s study are important. First, they divided the coastal waters of
Korea into 16 areas for the density analysis. Second, the density calculation was based on
the lengths of the ship trajectory lines, with a search radius of 500 m and an individual cell
size of 100 m x 100 m. Third, the density values were divided into equal-size sets using a
quantile classification method. The top 50% of the total maritime traffic data were extracted
as maritime traffic routes, which were then divided into three categories: main route, outer
branch route, and inner branch route.

The contribution of Lee et al. [37] is highly valued as the first attempt to develop a
national maritime traffic route for safe navigation of ships through Korean coastal waters.
However, the analysis method and extraction process have certain limitations. First, the
area division was based on the volume of maritime traffic and the geographic distribution
of major ports. Although the traffic volume differed across sea areas, the same threshold of
maritime traffic volume was applied to the route extraction in each area, which degraded
the consistency and reliability of the relative analysis results. The line density method
allows a quantitative analysis because it calculates the length of the ship trajectory lines;
however, the analysis result depends on the parameter settings. Furthermore, the quantile
classification method used in the route extraction process can excellently explain maritime
traffic ratios but is inapplicable to ship density data, which have wide and skewed statistical
distributions. For example, cells with density values of 10 and 1500 are displayed in the
same color with no difference between them, indicating that extremely high densities
are not distinguished from lower densities. Another limitation is that the traffic route is
extracted and classified in a polygon-like form by the author rather than by an algorithm
based on the 50% density value.

To overcome the limitations of the previous study, the method proposed in this study
performs a density analysis over the entire coast of Korea with no spatial division. Moreover,
the new method efficiently automates the processing of large amounts of data using an SQL
database. By adopting a spatial-temporal approach, it overcomes the limitations of the AIS
data characteristics that influence the existing density analysis methods. Furthermore, the
stretching method adopted in the new study is advantageous for visualization. Stretching
is a statistical method that reduces the influence of extreme values and extracts the values
within a range of one single standard deviation from the mean. Table 5 comprehensively
summarizes the differences between this study and Lee et al. [37], each of which analyzed
the maritime traffic density in the coastal waters of Korea. The final density analysis results
of the two studies are compared in Figure 8.

Table 5. Overall comparison of this study and Lee et al. [37] in terms of data, analysis methods, and

symbolization.
Parameter Lee et al. [37] This Study
Data volume 1 week per season, 1 month per season,
Totaling 1 month Totaling 4 months
Analysis area Korean coastal waters Korean coastal waters
y (divided into 16 areas)
. . Line density Spatial-temporal density
Density analysis (based on ship tracks) (based on ship occupancy time)
Density values Summed line length per square meter Summed hours per square kilometer
Visualization Quantile Stretch
(10 classes) (1 standard deviation)
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Figure 8. Comparison of ship traffic densities in the coastal area of Korea analyzed and visualized
using two sets of methods: (a) Lee et al. [31] used the top 50% of total traffic volume for route
extraction via the line density analysis and quantile methods; (b) the present study uses the top
25% of the total traffic volume for main route extraction using spatial-temporal density analysis and
standard-deviation-based stretch symbolization.

5. Conclusions

This study proposed a new method for density analysis of AIS data of the coastal
waters in Korea. The data of cargo ships, tankers, passenger ships, and towing ships with
customary traffic patterns were restricted to ship lengths of 60 m or more and ship speeds
of 3 kts or more. To reflect the influence of the seasons, the data were collected over four-
months, each month representing one of the four seasons. The analysis method calculated
the occupancy time of each ship in each cell from the position and time information con-
tained in the AIS data. The density distribution was determined by a descriptive statistical
analysis and was normalized through a log-transformation of all density values. Finally,
the calculated density was visualized using the stretch symbolization method to create
a density map. The converted density values visualized using the stretch symbolization
method can confirm the identification of major and distinct maritime traffic patterns. This
approach differs from the density analysis methods widely used in existing maritime traffic
research, and is valuable for confirming the maritime traffic pattern and density in the
coastal area of Korea.

The proposed spatial-temporal density analysis and visualization method constitutes
a key technology for building a national maritime transportation network. This method
can extract traffic routes through a quantitative analysis of big data and further identifies
traffic networks. In addition, the density analysis results can be actively utilized for route
planning by onboard navigation officers and captains. Judging from the accumulated
records where numerous ships have safely completed their voyages, many ships have
sailed along particular trends, having considerable reliability to the analysis result.

A limitation of this study is that the density analysis ignores the influence of ship
size on ship density. Suppose that a small ship and a large ship sail at the same speed
and route through the same cell. The two ships occupy different areas and pose different
degrees of risk to nearby passing ships. If the ship size is ignored, the calculated maritime
traffic density may differ meaningfully from the actual traffic environment. Furthermore,
the constructed traffic route might not secure the safety of large ships because it does not
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reflect the traffic pattern of large ships with relatively small ratios. In future study, a ship-
scale conversion factor based on ship tonnage, length, and width will be constructed by
analyzing the specifications of ships passing through the coast of Korea. This factor will be
used as a density weight in a more quantitative and advanced density analysis.
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