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Abstract 

At present, the scale of construction of offshore wind farms (OWF) is gradually 

expanding and getting further and further away from the shore, and the traffic volume 

and scale of ships are also predictably increasing, which also means that the newly 

planned OWF site is particularly critical. The current limited maritime space makes 

OWF planning inevitably close to the main channels of surrounding ships and some 

customary routes. This paper proposes a collision risk assessment framework and 

studies the rationality of its wind farm site selection and gives recommendations. 

Based on the ship AIS data in the site area, the traffic flow near the site is analyzed 

and the risk in the proposed area is evaluated, and the collision frequency is calculated 

to prove that the location of this OWF is acceptable 
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1 Introduction 

1.1 Offshore wind farms (OWFs) 

The abundant offshore wind energy resources and the rapid development of 

offshore wind power technology today make the ocean become a fast-growing wind 

power market (Liang,2018)[1]. Since the completion of the first domestic 

OWF-Shanghai Donghai Bridge (a 100,000-kilowatt wind farm project in 2010), 

China has been keeping constructing the OWFs with incredible speed, and 

breakthroughs have been made in critical technologies on offshore wind power. At the 

end of November 2018, Chinese OWFs cumulative installed capacity had reached 

approximately 3.6 million kilowatts, with approximately 6 million kilowatts under 

construction. At present, the OWFs projects are built and connected to the grid mainly 

in Jiangsu and Shanghai, but recently the construction progress of OWFs in 

Guangdong, Fujian and Zhejiang has accelerated significantly. The "Thirteenth 

Five-Year Plan for Wind Power Development" which was released by the National 

Energy Administration in November 2016, proposed that the construction scale of 

OWFs in four provinces such as Shanghai will reach more than one million kilowatts 

in 2020, and the total construction scale is expected to reach 10 million kilowatts 

(National Energy Administration,2016)[2]. Although OWFs have developed rapidly in 

recent years, it is undeniable that offshore wind power also faces many problems. In 

addition to the technical and cost issues, the environmental factors of OWF cannot be 

ignored (Li et al.,2015)[3]. According to the requirements of the “Implementation 

Rules for the Interim Measures for the Development and Management of Offshore 

Wind Power Development” which was jointly released by the National Energy 

Administration and the Ocean Administration in 2011, OWFs should have an offshore 

10km minimum distance in principle (about 5.4nmiles). Chinese shipping routes are 

mainly concentrated in 1.5-30nmiles from the coastline. Therefore, so the main 

constructive locations are located in the navigable waters, which will undoubtedly 
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affect the normal navigation (Zhang et al.,2014)[4]. For such large-scale offshore 

projects, there will be a long period of time in the complex navigable environment 

during the construction period, including the time that waters occupied by the passing 

construction ships will pose risks to the surrounding ships (Wang et al.,2014)[5]. At the 

same time, due to its own characteristics as a marine structure, it will become a large 

obstacle in the sea after completion, which will inevitably have a certain impact on 

the surrounding routes, docks, and ships. Since 1982, there had been 115 collisions 

between Norwegian offshore platforms and ships. In the 26 collision reports reported 

from 2000 to 2010, the analysis found that the main reason was the uneven quality of 

personnel (Kvitrud and Arne,2011)[6]. The collision between the wind turbine and the 

ship will not only threat the safety of the crew, but the damaged wind turbine and ship 

will also face high maintenance costs(Zhang et al.,2017)
错误!未找到引用源。

. 

1.2 Automatic Identification System 

The data provided by the Automatic Identification System (AIS) of the ship has 

good real-time, accuracy, large amount of information and little difficulty in collection, 

so the research value is very high, which is used as the data basis for the research in 

this paper. In recent years, with the increasing popularity of AIS and the improvement 

of the quality of AIS data, the actual observation and statistics of water traffic, the 

analysis of water traffic characteristics, and the risk assessment of water traffic have 

become the foci of domestic and foreign research. Since the ship-borne AIS has 

passed a bill that requires mandatory installation:, which is proposed in the 

amendment of the 1974 Convention on the Safety of Life at Sea that ships which  

sailing in international seas of more than 300 gross tonnage or non-international ships 

of more than 500 gross tonnage must be installed(Cui et al.,2014)[7]. Contains AIS. 

Therefore, AIS is gradually applied to assist ship collision avoidance(Felski, 

Krzysztof and Paweł,2015)[8] and ship navigation supervision(Xiao et al.,2015)[10], 

including ship identification, ship status information provision, target tracking, etc., to 

maintain maritime traffic and port security. 

AIS has a wide range of information collection capabilities. Ship status information 

released by shipborne AIS includes static information, dynamic information, and 

navigation-related information. Among them, the static information mainly includes 
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like the ship identification number (MMSI), the name of the ship, and the 

navigation-related information is divided into the starting port, the destination port 

and the loaded cargo, etc.; the dynamic information is the ship position, speed, course, 

etc. The frequency of notification for navigation is different, and the period is about 

2s-3m(Sun et al.,2013)
错误!未找到引用源。

. The dynamic information update speed is fast, 

which can reflect the navigation status of the ship and predict the possible navigation 

route in time, which is the key to the safe communication of ship navigation. During 

the work, the ship-borne AIS will continuously update the status according to the 

above-mentioned information types and the relevant set time, and automatically send 

it to the surrounding ships and VTS through the VHF transmitter, and at the same time 

accept the information from other ships and VTS. Under normal circumstances, AIS 

equipment always maintains operation during ship navigation, which can ensure the 

analysis of the ship's surrounding navigation environment 

The main purpose of this article is to propose a navigation risk assessment model 

based on the obtained AIS data during the OWF operation period ,and also introduce 

the selection and determination various parameters in the evaluation model, 

estimating the traffic data of the proposed OWF according to the actual AIS data 

obtained near the project to evaluate collision frequency, and verify the frequency of 

the collision as well as the projection can be realized in theory.  

2.Literature review 

Many domestic scholars have conducted researches on the navigation risks of the 

nearby sea area during the construction or operation period of OWFs in combination 

with actual projects. Wang et al(2013)[11] analyzed the characteristic risks of OWFs, 

and selected risk assessment factors and combined their risk characteristics, setting a 

navigation risk assessment system for OWFs(analytic hierarchy process was used to 

quantify the risks), with an example of Jiangsu Binhai OWFs was adopted. Chen et 

al(2017)[12] combined analytic hierarchy process and entropy to determine the weight 

of the preferred index. The gray correlation analysis method is used to obtain the 

correlation coefficient between the index value and the ideal value of each site. 

Finally, the gray comprehensive optimization model is used to optimize the ranking of 
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the planned site. Yan and Yin (2018)[13] based on the risks of OWFs construction and 

operation period, three corresponding protection measures were proposed to form a 

complete and comprehensive protection system to ensure the safety of ships and 

OWFs under various adverse sea conditions. 

In the overseas Dai et al(2013)[15] evaluated the risk of collision between 

maintenance ships and OWFs, and the fault tree analysis was used to identify various 

risks and analyzed the collision probability under various risks. By controlling the risk 

impact factors, and directly quantifying risks, Rawson and Rogers(2015)[16] analyzed 

and compared the changes in the ships traffic in the Thames estuary, and obtained the 

impact of the construction of OWFs on ship navigation and the risk of collision 

caused by the compression of the channel nearby. Chang et al(2014) [17] used AIS data 

to obtain the traffic volume of ships near the target OWF and used Gaussian curve 

fitting and correction for risk assessment, to explore what factors influenced the 

collision frequency between ships and OWFs. Bela et al(2017)[18] studied the ship 

impacting speed and position, wind direction, soil stiffness and deformability on the 

impact of wind turbines. Copping et al(2016)[19] used AIS data to identify the 

historical route between the Atlantic port from Maine to the Florida Strait, and also 

used the data as the basic data of the model. The model was used to reproduce current 

ship movements and simulate routes that may need to obstacle OWFs in the future. 

By comparing current and future ship routes, analyze potential marine accidents to 

determine the increased risk of ship collision, grounding and collision with offshore 

structures due to the presence of OWFs 

Automatic Identification System (AIS) data was first used to study ship collision 

avoidance, but because of its rich information and high coverage, many other fields of 

researches have also begun to use AIS data as data basis. For example, Zhou(2019)
错误!

未找到引用源。
 used AIS data to optimize the customary route near the proposed OWF. 

Zhu(2018)[20] Pan(2019)[21] used AIS data integration to obtain the traffic flow near 

the target offshore structure, and geometrically corrected the collision model with the 

actual traffic flow. Based on the AIS data collected before and after OWFs installation, 

Yu et al(2020)[22] drew the ship trajectory and statistically analyzed the minimum 

passing distance in the monitoring area around OWF, comparing the distribution of 

the ship trajectory with the respective mixed Gaussian distribution before and after the 

wind farm installation. The degree of conformity indicates that due to the presence of 
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OWFs, the width of nearby ship routes has been compressed, and the average speed of 

passing ships will decrease. Tu et al(2016)[24] thoroughly presented the possible 

utilities within AIS and how AIS data can be exploited for safety purposes. Methods 

for both for anomaly detection, route estimation, and path planning as well as for 

collision prediction were put up. The use of ship domains was also discussed. Vinnem 

et al(2014)[25] were highly sensitive to the passing distance and the probability of a 

vessel being on a collision course. The results of this study showed that the current 

methodologies of calculating allision risk with AIS data lead to conservative estimates 

of allision risk because vessel traffic will adjust their sailing tracks when a new 

offshore installation is commissioned by generally altering course to achieve a 

passing distance of at least 1 nm 

3.Framework 

AIS data provides a large amount of data for ship traffic flow analysis, which can 

be used for risk impact assessment in the vicinity of OWF. This paper proposes a 

framework for marine traffic impact assessment based on AIS data. The framework 

includes data collection, data filtering and statistical analysis. The purpose is to 

describe the navigation risk of OWF construction through the frequency of collision 

between OWF and ships. The framework is shown in Figure3.1. First, some 

parameters related to the data set and OWF boundary are defined. Secondly, the AIS 

data filtering model is introduced. Third, the ship collision frequency is obtained by 

combining the distance distribution and the collision probability model. The following 

sections will introduce the details of the framework. 

What is new for this framework is combining the probability model with the 

location of OWF to achieve the purpose of prediction. The actual AIS data is used for 

the navigation safety analysis of the site selection, and the position relationship 

between the main channels and the OWF is identified. The sensitivity of collision can 

be observed through the relationship between the OWF boundary and the channel 

distance to optimize its location. 
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Figure 3.1. Framework for assessing the influence of OWFs on the maritime 

traffic. 

3.1 Data acquisition and safety zone determination 

AIS data is obtained from the China Maritime Safety Administration, mainly using 

data from March 4, 2018 to March 24, 2018 in the East Sea. 

Operational OWF Safety Zones (SZs) are typically defined to safeguard the safety 

of the OWFs and of passing maritime traffic. The SZ is an area around the OWFs 

corresponding to the minimum clearance distance of the wind farm boundaries from 

shipping routes. OWF SZs have been suggested in the literature and by several 

guidelines and regulations. For instance, under the United Kingdom’s legislation, the 

OWF reserved area has been defined as 500 meters(m) during construction. The UK 

Maritime and Coastguard Agency(MCA,2016)[26] suggests that a distance between the 

OWF boundary and shipping routes less than 0.5 nautical miles (nm) is intolerable. 

Some studies have provided some recommendations on SZ selection based on expert 

judgements or experience. Rawson and Rogers(2015)[27] suggest that the passing 

distance of ships should not be less than 1,000 m to reduce the risk of collisions. 

Ultimately, SZs are assessed on a case by case basis using a risk-based approach, 

taking into account maritime traffic and site-specific conditions so that the collision 
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and contact risks are “As Low As Reasonably Practicable”. 

In this paper a 0.5 nm SZ has been adopted, corresponding to the lower bound 

distance proposed by the MCA. Consequently, any passing ship with a minimum 

passing distance less than this distance is considered as a SZ crossing. 

3.2 Monitoring zone 

The Monitoring Zone (MZ) is defined to identify candidate objects around the 

OWF from the AIS data. Mujeeb-Ahmed et al(2018)[28] adopted a 10 nm exclusion 

zone to detect collision candidates near an offshore platform. A risk analysis of 

offshore petroleum installations conducted by Hassel et al(2017)[29] limited a radius of 

4 nm around the platform and discussed the traffic pattern changes within 2nm. The 

UK MCA has suggested that the risk for a ship is broadly acceptable if the passing 

distance is larger than 3.5 nm. Distance between 0.5 to 3.5 nm is tolerable if 

appropriate risk controls are implemented by the MCA. A large MZ will lead to many 

ship candidates, which increases the computational effort of the data filtering model. 

Therefore, a MZ distance of 4nm is set in the model presented here. 

3.3Minimum Passing Distance 

In order to say something about the vessel behaviour and risk situation before and 

after an object is put into place, the shortest distances between an AIS-record and the 

position of the objects are found. When working with GPS coordinates, geodesic 

distances gives a more precise result than Euclidean distances since the spherical 

curve of the earth is taken into consideration(Bu et al.,2019)[30]. Therefore, the 

Haversine formula, which gives the great circle distance between two points, is used 

to calculate the distance between passing vessels and objects(Sinnott, 1984)[31]. The 

distance, d, is defined as: 

2 22 1 2 1
2d 2 arcsin( sin ( )+cos( )sin ( ))

2 2
R

   


− −
=      （3.1） 

where R corresponds to the Earths mean radius (6372800m), while i  and i  

represents respectively the latitudinal and longitudinal position of the vessel and 
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object, in radians. 

4.Risk assessment model 

According to whether the main engine of the ship is faulty, the collision between 

the ship and the wind farm can be divided into two types: drift and dynamic collision. 

Drift collision means that when the ship sails near the wind farm, if the main engine 

fails and the ship is out of control, it may drift into the wind farm and collide with the 

wind turbine due to environmental factors such as wind and current. Its drift speed 

points to the wind farm, and it will enter the wind farm after a period of drift. If the 

ship can save itself or get outside assistance in time before entering the wind farm, 

collision can also be avoided. 

Dynamic collision refers to navigation errors caused by factors such as human error, 

bad weather, and wind turbine interference. The ship failed to adjust its course in a 

timely manner while approaching the wind farm, and the ship failed to avoid collision 

and collided with the wind farm. When sailing on a given route, the change in the 

course of the ship is usually small. Therefore, a prerequisite for dynamic collisions is 

that the ship sails in the area where it will collide with the wind farm. 

4.1 Basic model 

Based on the analysis of the collision process, the collision probability calculation 

model for ships and wind farms can be divided into drift collision and dynamic 

collision probability submodels. By splitting the different stages of the collision 

process, in the drift collision probability sub-model, it is necessary to determine 

whether the ship is malfunctioning, whether the drift path is facing the wind farm, and 

whether it can be rescued before entering the wind farm. In the dynamic collision 

probability sub-model, it is necessary to determine whether the ship is located in the 

collision area, which mainly depends on the position of the ship and the course of the 

ship. The ship entering the collision area does not necessarily collide with the wind 

farm, so it is also necessary to consider whether the crew take timely measures to 

avoid collision. Based on the above analysis, considering the influence of ship traffic 
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and ship type, the calculation model of collision probability between ship and wind 

farm is constructed as shown in formula (1),(2) and formula(3)(Ellis et al.,2019)[32]. 

 

= CD CPF F F+                           (1) 

1 2CD i drift i wi D Di
F N F T P P P=                   (2) 

(1 )CP i drift i x C Ri
F N F T P P P=  −                 (3) 

In the formula: F is the annual average probability of collision between the ship and 

the wind farm; FCD is the annual average probability of drift and collision with the 

wind farm after the ship is out of control; FCP is the annual average probability of 

dynamic collision between the ship and the wind farm; Ni is the annual traffic volume 

of the i cross-section; 𝐹𝑑𝑟𝑖𝑓𝑡 is the probability that the ship will run out of control; 𝑇𝑖 is 

the time when the ship is sailing on the route; 𝑃𝑤𝑖 is the probability of collision due to 

the influence of the wind farm at a lateral distance; 𝑃𝐷1 is the probability that the ship 

is affected by wind; 𝑃𝐷2 is the probability that the ship fails to save itself, 𝑃𝐶 is the 

probability of causality; 𝑃𝑅 is the probability that the crew cannot make a collision 

avoidance reaction in time. 

4.2 key parameter 

(1) 𝐹𝑑𝑟𝑖𝑓𝑡 is the probability of a ship losing control 

Based on existing research, it is assumed that the engine failure rate has nothing to 

do with the ship type and propulsion system. According to the statistical analysis of 

historical ship runaway data, 𝐹𝑑𝑟𝑖𝑓𝑡=2.5×10−4 per hour(Bau and 

Wohnungswesen,2005)[33]. 

(2) Ti is the time the ship sails on the route  

=i

L
T

V
                          (4) 

In the formula: L is the length of the ship's route in the water area of the proposed 

wind farm, and V is the average speed of passing the route. 

(3) 𝑃𝑤𝑖 is the degree to which the i section in the waterway is close to OWF 

𝑃𝑤𝑖 is the probability that the horizontal distance affects the collision, and is related 

to the distance of the center line of the i section from OWF. The closer the distance, 
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the shorter the emergency response time and the higher the probability of collision. 

For w𝑖/ Vw <=0.25, 1wiP = ; For w𝑖/ Vw >0.25: 

 
1

(1.5( 0.25) 1)
wiP

t
=

− +
                 (5) 

Where: w𝑖 The distance from the center line of the i section to OWF, Vw represents 

average speed of wind (Bundesministerium für Verkehr-, Bau und Wohnungswesen 

2005) 

(4) 𝑃𝐷1 is the probability of the ship drifting to the wind farm under the action of 

wind (SSPA Sweden AB,2008) 

The probability of drifting towards the object under consideration varies with the 

course of the shipping lanes. For each point on the lane the wind farm is covered by 

an angle which overlaps with the wind directions as shown in the example in the 

figure below (division in 4 wind directions): 

 

Figure 4.1. The collision risk of sailing ships to OWF under the influence of 

wind 

1

1

( )
360 /

wdN

w w
D

w wd

R
P

N



=


=                        (6) 
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  𝑁𝑤𝑑 represents t number of divisions in different wind directions (2 in this 

figure); 𝛼𝑤 represents the angle of wind farm coverage in the wind; 𝑅𝑤 represents the 

frequency of the wind direction covered by the wind farm. 

(5) 𝑃𝐷2 is the probability of the ship failing to save itself 

According to basic method proposed by SSPA Sweden AB, the crew can avoid 

collisions with wind farms by repairing faults, anchoring and stopping navigation, and 

obtaining outside assistance. Relevant researches have obtained statistical analysis 

that 𝑃𝐷2=1.8×10−4 per hour.  

(6) 𝑃𝐶 is the probability of cause and effect 

𝑃𝐶 is the probability of a ship failing to take collision avoidance measures, which is 

related to the ship's tonnage, speed, navigation aids, navigation environment and 

human factors. It is difficult to carry out quantitative analysis. Relevant foreign 

scholars have conducted some research. Fujii analyzed the historical data to extract 

the frequency of ship drift correction before the accident, and thus determined that 𝑃𝐶 

=3×10−4(SAFESHIP,2005)[34]. 

(7) 𝑃𝑅 is the probability that the crew cannot respond to collision avoidance in time. 

𝑃𝑅 Mainly depends on the distance between the i section and the wind farm draws 

from the empirical formula PR=exp(−0.575×distance) in the MARIN collision model. 

(8) The shipping lanes are split into a number of parts and the calculations for each 

part is summarised. This is an approximation to integrating over the whole lane. The 

probability of being on position x on the shipping lane (Px) is assumed to be equally 

distributed over the shipping lane as follows (SSPA Sweden AB 2008):  

  Px = 1/ nsplit                             (7) 

4.3 Monte Carlo simulation 

The Monte Carlo simulation method is a method that uses random numbers to solve 

computational problems. It can obtain the approximate solution of the problem 

through multiple sampling experiments and is widely used in the field of maritime 

traffic safety. The collision probability between the ship and the wind farm is 

calculated by continuously generating random numbers that are subject to the ship's 

characteristic distribution and environmental characteristic distribution. Ship location 

and ship course generally follow a specific distribution, which can be obtained 
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through field research. Environmental factors such as wind conditions and current 

conditions also follow certain rules and can be obtained from the weather website. 

After obtaining the distribution functions of ship characteristics and environment 

characteristics, the ship position, course, host state and other characteristics, as well as 

the random numbers of wind conditions and flow conditions are generated 

respectively. According to this, the probability of collision between the ship and the 

wind farm can be obtained in combination with other relevant parameters. 

4.4 Acceptable risk 

The acceptable risk standard based on the ALARP principle divides the risk of a 

specific event into three areas by setting an acceptable risk standard line and a 

negligible risk standard line, namely, an unacceptable risk area, an acceptable risk 

area and a negligible risk area , As shown in Figure4.2. Germany’s acceptable risk 

standard in the collision risk study of offshore installations sets the acceptable 

probability of collisions between ships and OWFs on the route to 0.0067. The 

following year this standard was adopted in this report, which sets the acceptable risk 

probability to 0.006. Based on this, the distance between the wind farm and the route 

when the annual average collision probability is less than 0.006 ship times is 

calculated and used as the safety distance (SSPA Sweden AB,2008). 
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Figure 4.2 Acceptable risk standard based on ALARP principle 

5.Case study  

In this chapter, the investigation cases are introduced. Analyze the AIS data in a 

given time period, track, analyze the characteristics of ship traffic flow in the waters 

near the project to determine the possible collision frequency of the target OWF, and 

demonstrate the rationality of the project location. 

5.1 Project Overview: 

The geographic location of the project is shown in the figure. China Guangdong 

Nuclear Power Zhejiang Xiangshan Offshore Wind Power Co., Ltd. plans to develop 

the Tuci OWF. The planned site is located in the east of Qiancang, Xiangshan County, 

Zhejiang Province. The wind farm is the area enclosed by the following 5 points: 

1. 29° 36' 10.8" N\122° 02' 09.6" E 

2. 29° 36' 14.4" N\122° 04' 08.4" E 

3. 29° 34' 55.1111" N\122° 05' 42.9651" E 

4. 29° 32' 34.3810" N\122° 05' 46.4166" E 
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5. 29° 32' 33.8685" N\122° 02' 16.0406" E 

The site is irregularly pentagonal, with the longest north-south 3.61nm, the 

widest east-west 3nm, the planned area of about 34km2, and the planned installed 

capacity of 300,000 kW. The distance from the south to the shore is about 4km, and 

the water depth of the chart is 4～8m. 

 

Figure 5.1 Project location 

5.2 Regional wind analysis 

From the analysis of the interannual changes of wind speed: the meteorological 

station's multi-year average wind speed from 1988 to 2017 was 6.48m/s; the 

meteorological station's 2003 observation mode was changed from manual to 

automatic, and the 2003-2017 multi-year average wind speed after automatic 

observation was 6.49m /s. 
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Figure 5.2 Rose map of the weather station for many years (C=2%) 

Judging from the rose chart (from local weather station) of wind direction, the 

dominant wind directions of Meteorological Station are N, NNE and SSW. The 

frequency should be 22.0%, 21.0%, 12.0%. 

5.3 The Navigation Environment 

The location of this project is in a busy area with ships passing by and the traffic 

flow is relatively large, so there is a greater possibility of collision risk. According to 

the data obtained, there are three main waterways in the planned area, and the distance 

between the waterways and the planned OWF can be obtained from historical data. 

The distance between the northern boundary of OWF and the boundary of Xiangshan 

main channel is 2070m, the distance between the northeast boundary and the 

recommended route of the west route is 650m, and the nearest distance between the 

eastern boundary and the recommended route of the west route is 940m, and the 

distance between the western boundary and the customary route of the west route is 

1720m.  
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Figure 5.3 Navigation environment of the profected OWF 

5.3 Route identification 

After obtaining valid AIS historical data, plot the AIS data. The provided ship 

traffic flow distribution map can provide an important basis for the OWFs site 

selection. The AIS historical ship trajectory of the proposed wind farm waters is 

shown in Figure 5.3. The ship's AIS historical ship trajectory map can identify the 

approximate distribution of traffic flow in the analyzed water area. Through the 

analysis of the historical AIS data of ships near the waters of the proposed wind farm. 

It can be seen from the trajectory map that the distribution of ship routes in this water 

area is relatively simple, and the flow of ships is mainly concentrated in the 

Xiangshan Main Channel, the recommended route of the west route, and the 

customary route of the west route. In addition, the ship trajectory map is relatively 

neat and the direction is consistent, and the ship traffic flow in this water area is 

relatively orderly. However, it can be found from the trajectory map that there is a 

partial overlap between OWF and the route, which will greatly affect the navigation 

of nearby ships. Based on the collision model of this paper, the OWF is relocated in 
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this water area. 

 

Figure 5.4 AIS points in the water area of the proposed OWF on March 4 



Navigational Risk Assessment On Offshore Wind Farm Site Selection Based On AIS Data 

18 

 

 

Figure 5.5 Ship trajectory in the water area of the proposed OWF on March 4 
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Figure 5.6 Ship trajectory in the water area of the proposed OWF 
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Figure 5.7 The positional relationship between the proposed OWF and the actual 

route 
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Figure 5.8 Waterway route identification of the proposed wind farm 

5.4 Location research based on AIS data 

According to the AIS data from March 4th to March 30th, 2018, only the 4nmiles 

AIS data points around the obstacles are selected and drawn into the trajectory map.. 

The plan should be revised due to the spatial overlap of the wind farm and a main 

flight path in the generated diagram. The proposed risk assessment system can reduce 

the collision probability of passing ships to an acceptable range during the site 

selection process. There are 3 routes in the selected water area of the wind farm, 

which are the Xiangshan Main Channel (red line in Figure 5.4), the customary route 

of the west route(grey line in Figure 5.4), and the recommended route of the west 

route(blue line in Figure 5.4). The input parameters of the route are shown in Table 
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5-1. The characteristics of the horizontally-distributed traffic flow of the route are 

shown in Figures 5.5 to 5.10, and the input parameters of the ship traffic flow of each 

route are shown in Table 5-2. 

The recommended route of the West Route is about 47 ships enter and exit on 

average every day. The flow of ships is relatively large, and most ships will sail along 

this route. However, in this route, the width of the ship's track zone is 1.87-2.69km, 

and part of the track is within the scope of the proposed OWF. Vessels enter and exit 

the Xiangshan main channel on average about 7 times per day, and the traffic flow of 

ships is relatively small. The ship tracks are basically distributed on both sides of the 

center line of the customary route of the West Route. The distribution of the ship's 

heading relative to the distribution of the ship's heading is more scattered than on the 

Xiangshan main channel and the freedom of navigation for ships is relatively large. 

Xiangshan main channel is more scattered, and the freedom of navigation for ships is 

relatively large. 

Table 5-1 Input parameters of each route 

Channel Width of channel 𝐻𝑗/m Length of channel L/m 

Xiangshan Main Channel 1266 2500 

West Route Recommended 

Route 

2294 6600 

West Route Customary Route 1195 6000 

 

Table 5-2 Input parameters of each traffic flow 

Section i Xiangshan Main 

Channel 

Recommended Route 

of the West Route 

Customary Route 

of the West Route 

Traffic 

flow 

Average 

speed/kn 

Traffic 

flow 

Average 

speed/kn 

Traffic 

flow 

Average 

speed/kn 

1 1 12.00 14 8.79 4 9.50 

2 23 9.00 25 8.56 6 8.50 

3 41 9.14 65 9.11 15 8.74 

4 22 9.28 140 9.26 32 7.95 

5 11 9.42 187 9.04 48 7.73 

6 6 8.62 185 8.87 33 7.74 
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7 5 9.8 118 8.97 19 8.04 

8 4 10.5 55 9.18 7 9.13 

9 4 8.00 19 8.91 2 9.00 

10 2 8 11 9.34 1 9.00 

5.4.1 Xiangshan Main Channel 

 

Figures 5.9 Analysis of the Characteristics of Traffic Flow and speed on the 

Xiangshan Main Channel 
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Figures 5.10 Speed and traffic display of the Characteristics of Traffic Flow on 

the Xiangshan Main Channel 

5.4.2 Recommended Route of the West Route 
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Figures 5.11 Analysis of the Characteristics of Traffic Flow and speed on the 

Recommended Route of the West Route 
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Figures 5.12 Speed and traffic display of the Characteristics of Traffic Flow on the 

Recommended Route Of the West Route 

5.4.3 Customary Route of the West Route 

 

Figures 5.13 Analysis of the Characteristics of Traffic Flow and speed on the 

Customary Route of the West Route  
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Figures 5.14 Speed and traffic display of the Characteristics of Traffic Flow on the 

Customary Route of the West Route 

5.5Traffic flow data processing 

Each channel is segmented to obtain the number of ships passing through the 

channel in different regions, and Gaussian fitting is performed on the basis of drawing 

a chart. Because in the process of trying to estimate the probability of collision 

between ships and OWF by simulation, it is a common way to simulate and estimate 

the lateral distribution of ships through Gaussian distribution. As shown in Figure 

5.13~5.15. After the Gaussian simulation of the traffic flow of the three channels, the 

distance selection of the three channels in the subsequent Monte Carlo simulation will 

be randomly selected according to this curve, according to the estimated annual 

average number of passages for each channel Repeatedly draw the same number of 

times and accumulate to get the corresponding collision frequency value. 

 

Figures 5.15 Xiangshan Main Channel Gaussian fitting curve of traffic flow 
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Figures 5.16 Recommended Route of the West Route Gaussian fitting curve of traffic 

flow 

 

Figures 5.17 Customary Route of the West Route Gaussian fitting curve of traffic flow 
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5.5 Model output 

The collision probability between a ship and a wind farm is closely related to the 

distance between the route and the wind farm. Under the parameter settings of this 

report, the minimum safety distance between different routes and the OWF is different. 

Figures 5.16 shows the changes in the collision frequency of the three waterways as 

the distance from the OWF increases.  

The minimum safe distance to the center line of the recommended route of the 

West Route is 2100 meters, the minimum safe distance to the center line of the 

Xiangshan main Channel is 1500 meters, and the minimum safe distance to the center 

line of the customary route of the West Air Route is 1,200 meters, as shown in Figure 

5.16. Show. As the distance between the route and OWF increases, the risk of 

collision initially decreases very quickly, but when the distance reaches about 3000 

meters, that is, about 1.5 nautical miles, the risk decreases slowly, which also 

complies with the relevant MCA standards.  

Figures 5.18 The relationship between the distance of OWF from the center of 

the route and the collision probability 
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6.Conclusion 

6.1 Concluding Remarks 

The purpose of this paper is to assess the navigable risk of marine man-made 

structures after installation, with a view to providing more insights into their impact. 

This was accomplished through a case study of a proposed project in the Chinese 

waters. The information of AIS data has been obtained and analyzed through a 

program developed by visualization and statistical analysis. The data is used to 

visualize and present statistical data on the traffic density, vertical and horizontal 

traffic distribution, ship speed and type, and the distance and angle between the ship 

and the survey subject before and after installation. Unfortunately, due to the small 

data set, the annual traffic volume of ships can only be estimated from one month of 

data, which obviously causes some errors. The conditions around each wind farm vary 

from project to project, and the results depend on the situation, traffic type, density, 

terrain, and other existing navigation obstacles or restrictions. However, the results do 

point to some of the impact on the route after installation, although it contains some 

uncertainties. 

In this project, by using AIS data on the map to visualize the trajectory, it can be 

seen that there is a significant conflict between the engineering plan and the existing 

route. Through the risk analysis of collision between the ship and the wind farm, an 

acceptable risk standard is set to determine the safe distance. The safety distance 

threshold is smaller than the safety distance range proposed by the British MCA, and 

it can optimize the allocation of sea resources to the greatest extent possible while 

ensuring that the ship's navigation risk is acceptable. The West Route recommends 

that the route track is wider and the ship is relatively free. 

6.2 Recommendations for Further Work 

After the construction of the wind farm is completed, set up a navigation mark 

on the recommended route of the West Route near the wind farm, and guide the ships 

in the recommended route of the West Route to sail along the center line of the 
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channel as much as possible to reduce the risk of collision caused by the vessel 

approaching the wind farm as much as possible. According to the evaluation of the 

safety distance standard proposed by the British MCA, the distance set in this scheme 

is medium and high risk, but it is acceptable. It is recommended that the owner 

conduct a special study on wind farm collision avoidance and increase the active 

passive passive collision avoidance facilities and equipment. 
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