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Abstract. In this paper, the characteristics of the potential behavior of ships contained in AIS information are 
considered, in order to ensure the safety of navigation in merchant ships’ fishing areas and reduce the occur-
rence of collisions between commercial fishing boats. Based on the DBSCAN density clustering algorithm, the 
identification model of busy water in fishing areas is developed and applied to Minnan fishery in the Taiwan 
Strait. In addition, a real ship simulation is performed based on real traffic flow data. The results demonstrate 
that the proposed model can accurately identify the spatial distribution and scale of busy fishing area, adjust 
the algorithm parameters according to the merchant ship scale, and generate the targeted recommended route 
decision for the fishing area. Finally, the STELLAR EXPRESS is compared with the original route. The ob-
tained results show that the recommended route provides a high safety in the fishing area, while retaining the 
ship operating costs. The model results can be used as a reference for maritime security departments in order 
to divide the fishing area warning water, and the identification method provides a novel approach for the safety 
supervision of maritime department. 
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1   Introduction

With the rapid development of China’s import and export trade, shipping, which is the main transport capacity, 
has led to a sharp increase in the number of coastal ships. In recent years, the use of large ships emerged, and the 
marine navigation environment became busy and complex. Therefore, the navigation safety of commercial ships 
cannot be guaranteed. For instance, the navigation complexity is largely reflected in encountering commercial 
fishing vessels. Some commercial ship drivers have not received trainings related to the avoidance of fishing ves-
sels, are not familiar with the operation rules and navigation characteristics of fishing vessels, lack a systematic 
understanding of the water characteristics in the fishing area, and rush through the fishing area. Therefore, they 
cannot accurately respond in case of emergency, which results in collision accidents.

The most difficult part of clustering is not in principle or implementation, but in how to select appropriate 
parameters to obtain the optimal classification, stable and meaningful classification results. Among them, stable 
classification is the premise. The results obtained by several clustering can not be very different, so the results 
will not be credible. Meaningful classification means that the classified data has some practical significance in 
reality. Therefore, clustering is only a method. The final question to be answered is what are the characteristics 
and significance of the obtained classes. Consistency clustering determines whether the clustering parameters are 
appropriate by changing the clustering data set. All the data in it are extracted from the original data, which can 
also be understood as a subset of the original data considering the consistency of the clustering performance of 
any data in different samples.

The technical contribution of this work is summarized as follows:
(1) DBSCAN density clustering algorithm is improved considering the characteristics of the potential behavior 

of ships contained in AIS information. The parameters reflect the operating range radius of the fishing boats. The 
water area where three fishing vessels intensively operate, is considered as the vigilance water area. The commis-
sioning parameters are those obtained when another fishing vessel appears in the area with a radius R of around 
one fishing vessel. The area is considered as the vigilance water area, which is captured by the algorithm. 

(2) This algorithm is used to recommend new routes. The original route of the ship passed through the busy 
waters of the fishing area. During the non fishing moratorium period, the centralized operation of fishing vessels 
affects the navigation safety of ships. The cargo ship is large, the remaining speed is difficult to control, the opera-
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tion is inconvenient, and it is difficult to avoid the fishing boat at close range.
(3) The identification model of busy water in fishing areas is developed and applied to Minnan fishery in the 

Taiwan Strait. The proposed model can accurately identify the spatial distribution and scale of busy fishing area, 
adjust the algorithm parameters according to the merchant ship scale, and generate the targeted recommended 
route decision for the fishing area. 

The rest of this paper is organized as follows: Section 2 reveals related work. Section 3 describes our algorithm 
for identification and modeling of busy water. Simulation results are reported in Section 4. Finally, Section 5 con-
cludes the paper.

2 Related Works

There are mainly three kinds of clustering algorithms: clustering method based on partition, hierarchical cluster-
ing method, density based clustering method. K-means is the most basic clustering algorithm. It is very simple, 
that is, first specify k points, and divide different sample points into the set of the nearest point, so as to divide 
all samples into k categories. By classifying the sea state and ship operation state into multiple models, K-means 
clustering was used to analyze the influence of sea state and ship operation state [1]. The privacy protection in the 
process of K-means clustering and K-Nearest Neighbor classification was studied [2]. The clustering accuracy 
of K-means from the perspective of outlier removal and distance measurement was improved [3]. To prevent the 
K-means clustering algorithm from relying on the initial clustering center, particle swarm optimization algorithm 
was used to optimize the K-means clustering center [4]. A practical protocol for K-means clustering in a coopera-
tive manner was proposed [5]. A method bootstrap mean value where blocks were generated by substitution in the 
data set was proposed [6]. Considering the estimation of the average of random variables, if enough blocks were 
generated, the bootstrap median of the average had a better collapse point than the median of the average. The 
algorithm performed Lloyd type iteration and used bootstrap mean and median strategy. The integrated K-means 
Laplacian with 12 different kernel functions was improved to form paired similarity matrices [7]. Their effects on 
the performance of existing algorithms and proposed algorithms were studied.

In the studies related to fishery resources in China, some researchers use the method of cluster analysis to study 
the temporal and spatial characteristics of fishery activities, and the impact of the fishing operations on water ar-
eas, based on the vessel monitoring system (VMS) [8]. In the marine transportation field, the main purpose is to 
cluster the ship trajectories, in order to guard against the abnormal behavior of ships by obtaining their main mo-
tion trajectories. In navigation production, with the development of modern navigation aids, the spatio-temporal 
data generated by ships in the process of operation starts to be recorded and collected. For instance, the automatic 
identification system (AIS) is the main source of ship dynamic information data. These large, rich and real-time 
AIS data are widely used in ship navigation law extraction, potential behavior feature mining etc [9]. 

Due to the difficulty of navigation in merchant shipping fishing areas, combined with the theory of marine traf-
fic engineering [10] and based on the ship AIS data, this paper develops the identification model of busy water in 
fishing areas using the density clustering algorithm. In addition, it identifies and judges the fishing areas that high-
ly affect the navigation of merchant ships, and determines the spatial distribution and scale of busy water. Finally, 
it provides decision-making suggestions on route design for merchant ship pilots. 

DBSCAN is a clustering algorithm commonly used in the data mining field. Based on the density of the data-
set, the algorithm determines the division of categories by the close connection degree of sample data distribution. 
That is, there should be sample data belonging to the same category, near any sample of a category. The algorithm 
divides the samples with tight characteristics into one class, so that it calculates a cluster category referred to as 
“cluster”. The algorithm obtains all the final clustering results, by dividing each group of closely related sample 
data into different category attributes.

The ship position data is extracted from the received AIS information. The data have good connectivity, large 
amount and density. The dataset can also be divided according to the region and time [11]. Based on the charac-
teristics of this data, combined with the advantages of regional density connectivity of the DBSCAN algorithm, 
the running algorithm can better perform the clustering of fishing vessel active ship positions with high density. 
The clustering results can also be controlled by adjusting the parameters related to the density. This has a high ap-
plicability when considering the ship size as the classification criteria of navigation studies in fishing areas.

3   Identification and Modeling of Busy Water

3.1 Solution of Coordinate Point Spacing between Two Ship Positions
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The WGS-84 geographic coordinate system is usually used in navigation. It considers the geocenter as the origin 
of the coordinate system. In the maritime navigation process, the longitude and latitude of the ship’s position 
point are converted from its own three-dimensional coordinates and the coordinates between the fixed-point 
oriented ellipsoid. Therefore, the distance between the spherical coordinate points should be considered, when 
using a computer to process the AIS ship position data.

This paper uses the classic haversine formula, which considers the sinusoidal function as the operation core. 
Even if the distance between two ships is very small, the calculation can remain accurate. It is expressed as:

( ) ( ) ( )2 1 1 2sin sin cos cos ,dhaver haver A
R

ϕ ϕ ϕ ϕ  = − + 
 

                                               (1)
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where R  is the radius of the earth (6371 km), 2ϕ  and 1ϕ  are the latitudes of the two ships, and λ∆ is the 
longitude difference.

3.2 AIS Data Processing and Optimization

The extracted ship AIS data are decoded and stored, while the fishing vessel AIS data including the MMSI, time, 
ship position, ship speed and heading are selected. After preprocessing, clear errors and data that do not conform 
to the scientific theory of navigation, are eliminated. For instance, the MMSI of a ship is 0, the latitude exceeds 
90° or the longitude is greater than 180°. In this paper, the method proposed in [11] is used to denoise the AIS 
dynamic data of abnormal fishing vessels.

In recent years, China has strengthened the supervision of fishing vessels and began to promote the Beidou 
VMS navigation aid system in coastal fishing vessels, in order to ensure the operation safety of the fishing 
vessels. However, according to the current data, the number of AIS equipment still far exceeds the number of 
Beidou terminals [12]. Due to the fact that the fishery supervision system is not perfect enough, a considerable 
number of fishing vessels is usually close the AIS terminal in order to ensure that they are the first to find fish 
during production and operation. This results in a certain difference in the amount of information fed back by 
the equipment. Therefore, it is necessary to quantify the extracted fishing vessel AIS data, in order to reduce its 
impact on the overall data characteristics.

Based on China’s fishery Statistical Yearbook in 2014, the number of motorized fishing vessels that are 
engaged in fishing operations near the coastline, is almost 283000. However, the total number of coastal fishing 
vessels that are efficiently equipped with guidance AIDS, recorded in Beidou database in 2014, is almost 86411, 
which accounts for almost 30.5% of all the marine motorized fishing vessels [12]. It can be deduced that in the 
following sample data time around 2016, almost 1 / 3 of the total number of marine operation fishing vessels, is 
installed with navigation aids and standardized registration information.

In summary, in this study, based on the data ratio of 1 / 3, the AIS data accuracy is considered as 1 / 3 of the 
actual accuracy. That is, assuming that there are almost two ships that do not open AIS, or that are not equipped 
with AIS according to the rules around the AIS position point of one captured fishing boat, the unit area is 
treated as three fishing boats. This analysis has a strong supporting significance for the parameter value 3 of the 
DBSCAN algorithm.

3.3 Pseudocode of the Clustering Algorithm 

Algorithm 1. Pseudocode of the clustering 
Input: fishing vessel AIS dataset in space-time range;
Output: distribution of busy water in this space time
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for a size W of sea area, for time interval T
do

    Extract AIS dataset ( )1 2D = , , mx x x

Perform data processing to obtain the moving position data of the target fishing boat;
Calculate and measure the distance ( Dis ) between the target active ship position points;

perform the determination algorithm neighborhood parameters ( ), MinPts∈

Start output: cluster division of busy water C
1) Initialize the core fishing boat set θΩ = , number of clusters 0K = , and initial busy area cluster C θ=

of the fishing boat set 0Γ =  that is not accessed.

2) For the fishing vessel sequence  j=1,2, m , perform the following steps to find all the core fishing vessel 
objects:

a) Continue to use distance measurement in order to find the ∈−  neighborhood subset ( )jN x∈  of fishing 

vessels jx ;

b) In the operation process, as long as the number of sub fishing vessel sets jx  is judged to be satisfied 

( )jN x MinPts∈ ≥ , the fishing vessels jx  can be added to the core fishing vessel set { }jxΩ = Ω∪

3) During the operation, the algorithm is ended once the core fishing boat set is satisfied θΩ = . Otherwise, it 
continues to perform step 4;

4) In the core fishing vessel set Ω , a fishing vessel object o  is randomly selected. In addition, the core fishing 

vessel queue { }cur oΩ =  of the current busy water area cluster 1k k= + , the category serial number of the 

busy water area cluster { }kC o= , and the busy water area cluster set, are initialized. The unreachable fishing 

vessel set is finally updated as { }oΓ = Γ − . 

5) If the core fishing boat object meets the queue cur θΩ = in the current busy water area cluster, the current 

busy water area cluster kC  is generated. The division { }1 2C= , , kC C C  of the cluster and the core fishing 

boat set kCΩ = Ω−  are then updated. Afterwards, the algorithm turns to step 3 for judgment;
6) The current busy water area cluster is considered as the target cluster. A fishing boat object is taken from its 

core fishing boat object 'o  queue curΩ . All the ∈  neighborhood sub fishing boat sets ( )'N o∈  are determined 

through parameters ∈ . ( )'N o∈∆ = ∩Γ  is set. The busy water area cluster k kC C= ∪∆ , the unreached 

fishing boat set Γ = Γ −∆ , and the core fishing boat object queue ( ) 'cur cur oΩ = Ω ∪ ∆∩Ω −  are updated. 

The algorithm then turns to step 5 for verification;

7) Output: busy water { }1 2C= , , kC C C  

end while
end for.

3.4 Algorithm Parameter Adjustment

The definitions of the core parameters of the DBSCAN algorithm are as follows: ∈  denotes the neighborhood 
distance threshold of a sample, and Minpts  represents the threshold of the number of samples in the 
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neighborhood. Assuming that there are Minpts  data in the dataset and the distance between other sample data 
and the current target sample data is less than or equal to ∈ , it is considered that the current sample is the core 
sample captured by the algorithm. In addition, the other sample data are determined as the neighbors of the core 
sample data that continue to be captured by the algorithm. A cluster in the execution result is composed of several 
core sample data. All its neighbors are recursively determined by the core sample data. The set composed of all 
the neighbors is the final sample set of the study [13], as shown in Fig. 1.

Fig. 1. DBSCAN algorithm parameter adjustment

In this study, the core parameters of the algorithm are provided the practical significance of navigation 
production. They are then adjusted and analyzed. The specific division is given by:

(1) The parameters ∈  reflect the operating range radius of the fishing boats.
(2) Based on the previously conducted discussion on the accuracy optimization of AIS data, the water area 

where three fishing vessels intensively operate, is considered as the vigilance water area. The commissioning 

parameters [ ]3Minpts =  are those obtained when another fishing vessel appears in the area with a radius R of 

around one fishing vessel. The area is considered as the vigilance water area, which is captured by the algorithm. 
The algorithm ends when the vigilance water area is not established.

(3) The accuracy of the algorithm coordinate system is considered as 0.001°latitude. The nautical calculations 
are usually given by:

1'=1 1852 ,nm m=                                                                                  (4)

°0.001 0.06 ' 0.06*1852 111 ,m= = =                                                    (5)

= *111.
0.001

R ∈
                                                                                     (6)

It can be deduced from this analysis that the larger the parameter value ∈ , the larger the alert operation 
radius R , and the larger the spatial range of the busy water area identified by the final algorithm. This value can 
reflect the scope demand of commercial ships to avoid in the fishing area, and their own ship size restrictions. 
Therefore, the alert operation radius can be used as a reference factor, in order to make targeted decision-making 
on merchant ships of different scales crossing the fishing area.

4 Simulations

4.1 Determination of the Studied Water

More than 80% of the collision locations of commercial fishing vessels in the coastal water of Fujian and 
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Guangdong, are located in water farther than 30 nautical miles from the coast [14]. The collision points are 
scattered, while there is no rule to follow. Therefore, it is impossible to visually alert the range of risk water of 
diff erent levels, in order to attract the attention of commercial ship drivers. Therefore, it is diffi  cult for merchant 
ship drivers to fi nd the reference materials for route design in this water area. To deal with this situation, this 
paper locates in the typical fi shing areas of these sea areas, and makes a more accurate discrimination for the busy 
water in the fi shing area, using the model identifi cation method. The safety and economic avoidance of fi shing 
boats are achieved by providing the merchant ship drivers a decision-making reference in route design.

Based on the design concept, the support of relevant material data and the profundity of the signifi cance of 
the study, the Minnan fi shing ground located in the coastal water of Fujian and Guangdong is considered, and the 
location diagram of the studied water area is drawn. The specifi c location of the water area has a latitude of 22 ° 
47.691 ′ ～ 22 ° 59.82 ′ n, and a longitude of 116 ° 30.19 ′ ～ 116 ° 45.02 ′ E, as shown in Fig. 2.

Fig. 2. Location of the studied water area 

4.2 Determination of the Data

Considering that the broadcasting and receiving distance of the AIS equipment is limited, the water close to the 
coastal base station is preferred, that is, the water on the west side of the Taiwan Strait is selected for fi shing 
vessel data sampling. In this paper, the fi shing vessels aff ecting the passage of merchant ships near the middle 
route of the Taiwan Strait, are analyzed. In addition, the individual dredging is performed for a long time. Small 
ships with special operation types are also included in the analysis, in order to further reduce the impact of 
insuffi  cient data. In terms of sample data time nodes, the seasonal regularity of the fi shing operations of fi shing 
vessels is followed, and the data of one month in the fishing period is taken to ensure the data capacity and 
adaptability of the model.

(1) The AIS data of fishing vessels in the target water from September 1 to October 1, 2016, are retrieved 
from the AIS repository, with a total of 35050 pieces from 57 ships. After preprocessing, a group of noise data is 
eliminated, as shown in Fig. 3.

Fig. 3. Schematic diagram of noise data

(2) Computation expression of activity probability of a single fi shing vessel.
The activity latitude of a single fi shing vessel is expressed as:
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Operation result diagram of fishing vessel activity probability is shown in Fig. 4.

Fig. 4. Operation result diagram of fishing vessel activity probability

(3) The visual overview of fishing boat activities is presented in Fig. 5.

Fig. 5.  Schematic diagram of fishing vessel activity

The ship position visualization results demonstrate that the fishing boat operation area is very extensive and 
there is no obvious law to follow. In addition, the driver cannot intuitively judge the ship operation and avoidance 
time when passing through the water area. An improper avoidance behavior may lead to an incomplete or 
impossible avoidance [15]. Due to the fact that the accurate operation of avoiding fishing vessels requires a very 
high ship operation experience of commercial ship drivers, when commercial ships encounter a group of fishing 
vessels with intensive fishing operations during navigation in the fishing area, it is recommended to consider them 
as busy waters and take measures to bypass them in order to avoid direct crossing.

4.3 Model Result Display
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In order to analyze the decision-making scheme produced by the model, a hypothetical merchant ship decision-
making point is set near the middle route of the Taiwan Strait (22.86 ° n, 116.6 ° E). This is defined as a merchant 
ship going north along the traditional route of the middle route.

Based on the merchant ship decision point, different algorithm parameters are set for different ship sizes, while 
different algorithm decision sequences are performed. The corresponding values of the specific parameters are 
presented in Table 1.

Table 1. Parameters of the merchant ship scale corresponding algorithm

Length（m） L ∈  (0,90] L ∈  (90,200] L ＞ 200

∈ 0.005 0.01 0.018

Minpts 3 3 3

R 500 1000 2000

The results of the algorithm are presented in Fig. 6 to Fig. 8, where the black “O” and red “+” denote areas 1 
and 2, respectively.

   Fig. 6. Execution effect of decision I

Fig. 7. Execution effect of decision II
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Fig. 8. Execution effect diagram of decision III

It can be seen from the renderings that the ship size parameters indirectly reflect the amplitude demand and 
self-limitation of the merchant ships when avoiding in the fishing area. For small merchant ships with flexible 
mobility, the distribution of busy water to be avoided is small. As for large merchant ships where it is difficult to 
control the peed, the distribution of busy water to be avoided is relatively large. These results accurately reflect 
the pertinence and adaptability of the decision-making model.

4.4 Real Ship Application and Verification

Based on the theoretical navigation decision, a real ship is selected for the simulation verification of the model. 
The “stellar express” ship is captured at 1200 hours on April 3, 2020. The detailed information of the ship is 
consulted, as shown in Table 2.

Table 2.  The “STELLAR EXPRESS” ship

MMSI 353787000 Length 209 m
Call sign 3EGZ8 width 32 m
State Sailing Draught 9.8 m

(1) It can be seen from the AIS information table that the ship is large. It has a length of 209 meters. It is then 
more appropriate to perform three iterations of the decision-making algorithm. In order to strengthen the contrast, 
the route in the Strait is embedded into the model for display. The implementation effect is illustrated in Fig. 9.

Fig. 9. Execution effect diagram of decision III

(2) Based on the execution results of the decision III algorithm and the basic judgment made in combination 
with the navigation experience, the route of the large cargo ship tends to the offshore area. Therefore, it is only 
necessary to present area 2 (referred to as No. 4 busy water area) in the identification result on the chart, as well 
as the navigation track points of the ship from 1200 to 1306, as shown in Fig. 10.
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Fig. 10. The “STELLAR EXPRESS” ship track

It can be seen from Fig. 10 that the original route of the ship crosses the busy water of the fishing area. During 
the non fishing moratorium, the centralized operation of the fishing vessels affects the navigation safety of the 
ship. The cargo ship is large, the residual speed is difficult to control, the manipulation is not convenient, and 
some difficulties in avoiding fishing vessels at a close range exist. Therefore, in order to ensure the safety of the 
ship operation, the recommendation decision is given based on the original planned route of the ship:

(1) The pilot of this ship steered the ship at 1226: new CA1 = 070.76, with a range of almost 3.5 Nm to the 
next turning point H4.

(2) After reaching the H4 turning point, the pilot steered the ship again: new Ca2 = 053.71, with a range of al-
most 2 nm, and then resumed the original route.

Whole schematic diagram of the recommended route decision is shown in Fig. 11.

Fig. 11. Whole schematic diagram of the recommended route decision

4.5 Evaluation and Extension of the Model Results

It can be seen by the comprehensive comparison with the original route of “stellar express”  that, when taking the 
recommended route decision, the ship’s deviation distance is not large. However, it can efficiently avoid the busy 
water in the fishing area, while the avoidance approach is still the most used diversion operation of commercial 
ship drivers [10].

This example is a decision-making scheme generated by identifying a water area near the middle route. 
Compared with the traditional route, it greatly ensures the safety of merchant ships sailing in the fishing area, 
when the operation cost is almost retained. This model is used to identify multiple continuous busy water, and 
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set decision points in the fishing area that highly affects the merchant ships navigation. The different decision-

making schemes [ ]1 2, , , nT T T  generated by the set of decision points [ ]1 2, , , nP P P , are then associated and 

integrated, which can be modified according to the year, fishing season and merchant ship scale, in order to form 
a complete set of decision-making schemes for recommended routes in fishing areas.

The limitation of this algorithm is to rely on AIS. AIS has the problems of insufficient positioning accuracy and 
multi ship common MMSI, which may affect the accuracy of this algorithm.

4.6 Comparison of Different Algorithms

There are many evaluation indexes of clustering effect, such as accuracy, recall, mean absolute error (MAE), etc. 
This paper uses MAE to evaluate this experiment. MAE can reflect the difference between the classification of the 
test set and the real classification. Table 3 lists best cost comparison of different algorithms.

Table 3. Best cost comparison of different algorithms

Bay Algorithms Best Worst Average

Nanmen
DBSCAN 1.1875 1.2360 1.1904

Ours 0.9546 0.9962 0.9745

Maluan
DBSCAN 1.3450 1.3907 1.3670

Ours 1.1166 1.1570 1.1296

Jinluan DBSCAN 1.2307 1.3029 1.2903
Ours 0.7906 0.8236 0.8034

The results shows that this algorithm has smaller time complexity than DBSCAN. Compared with DBSCAN, 
the new algorithm needs additional operation. However, the new algorithm convergences faster and can reach the 
optimal solution in less searching iteration times. Therefore, it still takes less time to obtain the results.  

4.7 Discussion

It is illustrated from above figures that encountering positions in Dongshan Bay waters are mainly distribut-
ed in Dongshan Bay estuary waters, including Tongling nearshore waters on the northeast side of Dongshan 
Island, Chengan operation area waters, Dongshan port area and west waterway of Tasmania island. The channel 
on the west side of Gulei Peninsula and many berths along the shore are also areas where ships may encounter. 
Dongshan Bay and its adjacent waters mainly have the following ship traffic flows: The ship traffic flow in and 
out of Tongling water area through the west waterway of Tayu and the south channel of Dongshan port area, the 
ship traffic flow in and out of the channel of Dongshan port area, the ship traffic flow in and out of the Gulei port 
area along the Gulei channel, and the ship traffic flow from Dongding island to Dongshan Island along the recom-
mended internal route of Fujian.

Dongshan is the main fishing port of Zhangzhou. Fishing boats often carry out fishing operations in Dongshan 
Bay and its nearby waters. There is a risk of collision between merchant ships, fishing boats and yachts. There 
are many aquaculture areas in Dongshan Bay and nearby waters, affecting the navigation safety of ships entering 
and leaving the port. Meanwhile, the waters around Dongshan Bay are close to the Taiwan Strait. When there are 
strong winds and waves in the open sea, small ships sail near the shore, resulting in high ship traffic density in the 
waters around Dongshan Island and increasing the risk of ship encountering.

5 Conclusions

Based on the AIS data of fishing vessels in 2016, this paper develops a busy water area identification model using 
the DBSCAN clustering algorithm as the core. This model is applied to the water of the Minnan fishing ground in 
the Taiwan Strait. The fishing area between the fishing ground and the route in the Strait is identified and judged 
from September to October 2016, based on the simulation of real traffic flow. The water mainly has two busy 
operation areas, while the central zone is located in area 1 (22 ° 55 ′ N ~ 22 ° 58 ′ n, 116 ° 32 ′ e ~ 116 ° 36 ′ E) 
and area 2 (22 ° 53 ′ N ~ 22 ° 56.5 ′ n, 116 ° 367 ′ e ~ 116 ° 38 ′ E).

Based on the pilot’s experience in ship operation through the fishing area, the micro avoidance behavior of ship 
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is raised to the macro avoidance decision of ship to region. Using the proposed modeling method, the distribution 
and scale of busy water in the fishing area are accurately identified, and targeted navigation recommendation 
decisions in the fishing area are determined for commercial ships of different scales. However, in this study, it is 
difficult to obtain the real-time AIS data of fishing vessels. In future work, we expect to focus on embedding the 
influencing factors, such as the meteorological and sea conditions, in order to improve the recognition accuracy 
of the model. 

With the expansion of the scale of ship trajectory data, the time consumption of the algorithm will increase 
sharply. Therefore, how to optimize the algorithm and effectively reduce the clustering overhead of the algorithm 
is the later research direction.
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