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Abstract 

There are many casualties and incidents occurring to ships every day, and collision accidents occurred between small and 

large ships in the Bay and the surrounding water. We have made an accident survey of Ningbo-Zhoushan Port. We analyzed the 

accident in geographic position and ship’s type, and we found insufficient lookout and unsmooth communication are the main 

reasons. In view of the navigation environment, ship’s manoeuvreability and the navigation equipment installed on ships, we set the 

standard DCPA (Distance to Closest Point of Approach) and TCPA (Time to Closest Point of Approach) of alarm for small ship. 

The alarm based on 3G network, it can be used to solve the insufficient lookout and unsmooth communication problems. We got 

some AIS (Automatic Identification System) data from Nagoya Port, and we put them in the ArcMap to simulate the proposed 

alarm system. 

(Received June 28, 2013) 

 

1. Introduction 

Ningbo is a seaport city in the northeast of Zhejiang 

province in China, it lies south of Hangzhou Bay and facing 

the East China Sea. It is the crossroad of the north-south 

shipping route and the important waterway of the Yangtze 

River. It enjoys the conditions with convenient traffic reaching 

in all directions. Outwardly the port links East Asia and the 

whole round-the-Pacific region within 1,000 sea miles to 

Hong Kong, Gaoxiong of Taiwan, Pusan, Osaka and Kobe. 

Ningbo Port has economic trade with over 560 ports from 

more than 90 countries and regions in the world. It comprises 

several ports (red symbol in Figure 1), which are Beilun 

(seaport), Zhenhai (estuary port) and old Ningbo harbor 

(inland river port), Daxie, Chuanshan etc. Now, Ningbo Port 

has a total of 191 berths including the 250,000 GT crude oil 

terminal and the 200,000 GT ore loading berth. There are 110 

shipping lines for container transport and 480 regular liner 

services per month. The first 20 shipping companies of the 

world have all set up their agencies in Ningbo [1]. 

Zhoushan Port is located in the center of the southeast 

coast of China, having excellent deep water bay and 

comfortable international transportation. The water area of the 

bay is wide and the port pool is surrounded by islands forming 

national protection conditions with good avoiding wind and 

wave advantages. The port area has 11 port regions (green 

symbol in Figure 1) Dinghai, Shenjiamen, Gaoting, Sijiao, 

Liuheng, Jintang, Qushan, Maao, Laotangshan, Luhua port 

etc. 

Ningbo-Zhoushan Port (Figure 1) has been the biggest 

port in the world for four consecutive years. In 2012, the 

annual cargo handling capacity is 744 million tons. At the 

same time it is the sixth biggest container ports in the world, 

the container handling capacity is 15.67 million 

TEU(Twenty-foot Equivalent Units) [2]. 

 

Fig.1. Ningbo-Zhoushan Port. 
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Figure 2 [3] and Figure 3 [4] are the data of inbound and 

outbound vessels of Ningbo-Zhoushan Port. From them, we 

know cargo ship accounts for the largest part in Ningbo port, 

and fishing boat accounts for the largest part in Zhoushan port. 

There are so many cargo ships and fishing boats, it would be 

one of the reason there are a lot of accidents. 

 

Fig.2. All ships by type in Ningbo. 

 

Fig.3. All ships by type in Zhoushan. 

 

2. Accident Survey 

Ship accident always be divided into collision, grounding, 

capsize, sank, fire, disaster caused by windstorm, disaster 

caused by tide etc. In this paper, we only consider the collision, 

sank, grounding and capsize. If the ship collides with the other 

ship, and then sank, we put it in sank. If the ship capsize and 

then sank by oneself, we also put it in sank. 

We got some accident data (Table 1) which happened in 

2012 from Zhejiang Maritime Safety Administration [5]. 

There are 28 accident examples includes 40 ships. Though it’s 

just a part of the data, it contained almost characters of the 

marine accident. It is useful to analyze the marine accident.  

From the ship’s type in Table 1, we know that cargo ship 

accounts the largest part 55.0%, and sand carrier is the same 

with fishing boat 20.0%. Tug boat and passenger ship is least. 

From the type of accident, we know the collision accident is 

most serious 62.5%, the second is sank accident, 22.5%. The 

third is grounding accident 10.0%, capsize accident is least 

5.0%. 

Table 1. Ship accident in Ningbo-Zhoushan Port in 2012. 

Ship’s  

Type 

Accident 

Cargo 

ship 

Fishing 

boat 

Sand 

carrier 

Tug 

boat 

Passeng

er ship 

Total Rate 

(%) 

Sank 1 3 5 - - 9 22.5 

Grounding 3 - - - 1 4 10.0 

Capsize - - 2 - - 2 5.0 

Collision 18 5 1 1 - 25 62.5 

Total 22 8 8 1 1 40 100.0 

Rate (%) 55.0 20.0 20.0 2.5 2.5 100.0  

 

2.1 Fishing boat accident 

The provisions of regulation V/19 of SOLAS (Safety Of 

Life At Sea), 1974, as amended, requiring all ships of 300 GT 

and upwards engaged on international voyages, cargo ships of 

500 GT and upwards not engaged on international voyages 

and passenger ships irrespective of size to be fitted with an 

AIS. The small ship without AIS will be the biggest problem 

in VTS (Vessel Traffic Services). 

In the end of 2009, about 6,500 fishing boats have been 

equipped with Class-B AIS, which provides limited 

functionality and is intended for non-SOLAS Vessels; 

however, there are more than 30,000 fishing boats in 

Ningbo-Zhoushan Port. In 2008, province of Zhejiang 

government had given a standard for the safety information 

management system for the shipping boat. The engine power 

which under 44kw should install Class-B AIS, engine power 

under 44kw should install a GPS (Global Positioning 

System)/GPRS (General Packet Radio Service) one-key 

alarm system [6]. We know when the fishing boat working 

(drawing or releasing net), it is usually at a slow-velocity. 

Large ship can’t resolve the dynamic (course, velocity) of the 

fishing boat with the Radar. In the bad weather, because the 

fishing boat is small target, in addition Radar clutter, it can’t be 

displayed on the Radar screen. This may lead to an insufficient 
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lookout to the large ship’s navigator. Sometimes, when the 

fishing boat anchors in the night, nobody is on the bridge for 

lookout, they sometimes disregard the navigation law. Even 

though in sight of one another, the navigator of large ship has 

to use the radio telephone (VHF) to call the position of the 

small ship without AIS. As we know, the position changes at 

any time, in addition the linguistic barriers and noises of VHF, 

they can’t have an efficient communication. In the recent 

survey (Figure 4), there are only 2 VHF calls in the 23 

accidents. They haven’t communicated successfully even one 

case. 

 

Fig.4. Accident data in Ningbo port (2009-2012). 

 

Fig.5. Small ship’s accident in coast water of Japan. 

 

From Figures 5 and 6, we know the small ship’s accident 

is a very big problem in Japan coastal waters [7]. In 2011, 

there are 232 collision accidents of fishing boat and 145 

collisions of pleasure boat in Japan coastal waters. They are 

70% of all the marine accident. Insufficient lookout is 77% for 

fishing boat, 70% for pleasure boat. 

 

 

Fig.6. Proportion of accidents by ship 2008-2012. 

 

From the accident data of Ningbo-Zhoushan Port and 

Japan coastal waters, we know the small ship is a common 

factor of marine accident in the world. In February 2012, we 

had investigated the Zhoushan Maritime Safety 

Administration and discussed with the VTS officers. Most 

causes of small ship’s accident can be summarized as first, 

insufficient watch keeping; second, failure to aware of 

encountered ships; third, failure on the evaluation of collision 

risk and/or on decision for collision avoidance maneuver. 

Based on the survey, we can say most of the accidents 

between small and large ships are due to insufficient lookout, 

however some of them are due to the information asymmetry 

and people ware. It is hard to raise the quality of fisherman to 

the level of a mariner because of the education levels. 

Moreover it is hard to promote the equipment installed on the 

small ship because of the cost problem. 

In a perfect collision avoidance exercise, there four steps, 

firstly, the two ships in sight of each other; secondly, collision 

risk judgment; thirdly, take avoidance measure; and finally, to 

evaluate the collision avoidance action. If there is a wrong 

action in the procedure, it may lead to marine accident. In 

order to make the four steps safety, after we make a detailed 

survey on the accident black spot in Ningbo-Zhoushan Port. 

We will make a proposed alarm system for the small ship to 

solve the insufficient lookout problem and communication 

problem. When the target ship is near and with a collision risk 

with own ship, the alarm will be activated. This will solve the 

lookout and collision judgment problem. If the alarm activated, 

we will give some collision avoidance suggestion to the small 

0

200

400

600

800

1000

2
0

0
8

2
0

0
9

2
0

1
0

2
0

1
1

2
0

1
2

N
u

m
b
e
r 

o
f 

s
h

ip
 

Year 

Fishing boat

Sport fisher

Water craft

Pleasure

boat

Total

3



 

 

ship’s navigator to avoid wrong action. There are several 

problems need to be solves. Unify the information of small 

and large ships and VTS, set the standard value of alarm, 

finally, gave some collision avoidance suggestion. 

 

2.2 Sand carrier accident 

From Table 1, we know that sand carrier is also a serious 

problem in the port because of most of them sank or capsize. 

When we analyzed the data, we found the accident reason of 

sand carrier is most of them with a “V” shaped bottom, and if 

they overloaded, the center of gravity will become very high. 

When wind is strong with a large wave, the ship will capsize 

easily, and most of the sand carrier sank not to a collision, but 

to overload. Most of the sand carriers are under 1,000 GT. The 

dockworkers didn’t make a load plan and sometimes the crew 

on board unqualified, they didn’t make a navigation plan, in 

addition insufficient management of company, there are a lot 

of carrier’s accidents happened. We recommend it to redesign 

the shape of the sand carrier’s bottom, strengthen management 

of the ship management company, and increase the training of 

the crew. 

 

2. 3 High frequency accident place in Ningbo Port 

There are 23 accidents [8] with position information of 

Ningbo Port (Figure 4 & Figure 7). When we put them in the 

Google Maps, we found there are three accident black spots, 

open sea of Xiangshan (Figure 8), Chuanshan Port and north 

anchorage ground of Xiazhimen (Figure 9). The reason is 

there a high-density in North anchorage ground of Xiazhimen 

and the speed of tide is about 2~4 knots. When navigator tried 

to pass the head of an anchored ship, they always be pushed to 

the anchoring ship by the current, especially in poor visibility 

condition. There were 4 collision accidents happened in poor 

visibility situation. The position of Chuanshan Port is very 

particular, if the navigator only uses the radar, they may loss 

the target due to the visual disturbance. The open sea of 

Xiangshan is the crossing of merchant ships, that’s the reason 

there are a lot of collision accidents. 

 

Fig.7. High frequency accident place in Ningbo port. 

 

Fig.8. Accident black spot in Xiangshan open sea. 

 

Fig.9. Accident black spot in Chuangshan Port & North 

anchorage ground of Xiazhimen. 

 

3. Methodology 

According ship’s type and spot of the accident, we will 

make a proposal alarm system for the small ship based on 3G 

network. In our study [9], we have investigated the 3G 

network capacity wireless communication service in 

Ningbo-Zhoushan area. It can meet the needs of sending a 
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message, giving a call and video communication. Our idea is 

apply a PDA (Personal Digital Assistant) for the fishing boat 

and connect with the GPS to display the ship’s position, 

velocity, course etc. Meanwhile, use the PC (Personal 

Computer) to connect with AIS, Radar to display the 

information of large ship. The construction is Figure 10. We 

can use the 3G network to share the information between 

small and large ships. We would like to install some software 

like Skype, which can be used to communicate with each 

other in emergency situation. 

 

Fig.10. Information exchange system between small and 

large ships. 

 

3.1 Standard of DCPA and TCPA 

DCPA is the closest distance between two ships, it is the 

most import parameter to evaluate the risk of collision. TCPA 

is used to illustrate the urgency of accounting. As we know, on 

the large ship, the officers use ARPA/Radar to set a guideline 

to warn. For 10,000 GT ship on the open sea and in the 

restricted visibility, when DCPA is smaller than 2NM, it is 

considered as a dangerous distance for the two ships to pass 

clear with each other. How to set an appropriate DCPA and 

TCPA is important for a small ship in Xiangshan water. When 

we set the limit of DCPA and TCPA, we usually consider the 

ship’s manoeuvreability, visibility, velocity ratio, navigation 

environment and the navigator’s psychological quality etc. 

In this paper, we use velocity ratio of the 10,000 GT-class 

ship’s general practice on the open sea to get a suitable 

avoidance action time (AT) and avoidance action distance 

(AD) for the small ship in Xiangshan water. Then use the 

small ship’s manoeuvreability to set the DCPA and TCPA. In 

the port, ship’s speed should below 8 knots [10], we assume 

two ships’ speed is 8 knots in port. On the open sea, in good 

visibility condition the 10,000 GT ship should take avoidance 

action at 3~4 NM, and in restricted visibility condition, should 

take avoidance action at 4~6 NM [11]. For security we use 4 

and 6 NM to calculate the TCPA. On the open sea, assume 

two ships’ speed is 15 knots in a small angle crossing situation, 

the relative speed is 30 knots, and from it we can get the AT, 

when AD is 4 and 6 NM, the AT is below; 

ATg= 4/30 × 60 = 8 (min)                    (1) 

ATr= 4/60 ×60 =12 (min)                    (2) 

 

Case in the port and nearby, 

ADg=8/60 × 16=2.1 (NM)                   (3) 

ADr=12/60 × 16 =3.2 (NM)                  (4) 

ATg: Action time in good visibility condition 

ATr: Action time in restricted visibility condition 

ADg: Action distance in good visibility condition 

ADr: Action distance in restricted visibility condition 

 

From the results, the small ship should take avoidance 

action at 2.1 NM in good visibility condition and 3.2 NM in 

restricted visibility condition. Though auto alarm should be 

earlier than the action, from the considered length and 

manoeuvreability of small ship, we propose to set the cordon 

at 2.1 NM in good visibility condition, and 3.2 NM in 

restricted visibility condition. In view of the delay of navigator 

manoeuvre, we add 1 min, and set the TCPA 9 min in good 

visibility condition, TCPA 13 min in restricted visibility 

condition for the small ship in port. 

 

Fig.11. Ship’s Turning Circle [12]. 
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In the calculation, Figure 11 should be referred, regarding 

the diameter, the length of small ship is usually less than 50 m, 

the shortest stopping distance (SSD) is about 6~8L (L: ship’s 

length). For security, we set 8L. Turning circle- when a ship’s 

course change 90°, the Ad (advance) is about 2.8~4L, and the 

tactical diameter (DT) should under 5L, general practice 3~4L, 

so we adopt 4L, SSD 400 m, Ad 200 m, and the DT 200 m. In 

general condition, when the DCPA is under 0.5 NM, it make 

the large ship’s navigator uneasy, it may lead the navigator 

make an incorrect avoidance maneuver. And most accident 

happened when the DCPA is 0.5 NM. We can set the values as 

follows, 

DCPA = 0.5 NM + 400 m                    (5) 

Whereas, on the open sea in good visibility condition 

DCPA 1NM, in poor visibility condition DCPA 2NM is 

recommended. So in the port, in good visibility condition, we 

recommend setting DCPA 0.7NM, in restricted visibility 

condition DCPA 1.4NM. 

Fig.12. Alter course to provide a passing distance of 1 NM. 

 

From the DCPA and TCPA we can use Figure 12 to calculate 

when to alter course. 

POC: point to collision 

Speed = Distance/time. 

From Figure 12, safe passing distance = distance to POC× 

sin α, we get as follows; 

In good visibility condition 

0.7×1852.0 = 2.1×1852.0 sin α 

sin α= 0.3  

α = 17° 

It means when we want to keep a safe passing distance at 

0.7NM, we should alter course 17° when the distance is 

2.1NM. 

In restricted visibility condition 

1.4×1852.0 = 3.2×1852.0×sin α 

sin α= 0.44  

α = 26° 

It means when we want to keep a safe passing distance at 1.4 

NM, we should alter course 26°when the distance is 3.2 NM. 

 

3.2 Assess the value of DCPA and TCPA 

Considered the alarm should be earlier than the 

avoidance action time, we set TCPA=9 min, DCPA=0.7NM 

in good visibility condition, in restricted visibility condition, 

TCPA=13min, DCPA=1.4NM. We use the weighted-average 

(ρ) method [13], [14] to assess the value of DCPA and TCPA. 

ρi = (a・DCPAi)
2 

+ (b・TCPAi)
2
 (i= 1,2,…,n) (6) [13] 

 

‘a’, ‘b’ is the weighted value. 

Use statistical and experimental method to get it. 

 

When the ship from port side, a = 5, b = 0.5 

When the ship from starboard side, a = 5, b = 1 

‘ρi’ is smaller, the risk of collision is higher. 

‘i’ is the number of survey. 

 

To eliminate the difference dimensions of DCPA and TCPA, 

use an equation to indicate the importance of DCPA and 

TCPA. When the target ship’s bearing in different zone, it will 

be given different value of “m” refer to Figure 13. 

 

Fig.13. Weighting coefficients distribution of TCPA [14]. 

 

DCPAp = m・TCPAp                                    (7) [14] 

DCPAp: The importance of DCPA in collision 

avoidance 

TCPAp: The importance of TCPA in collision 
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avoidance 

From equations (6) and (7), the equation (8) shows as 

below, 

ρ = (a・DCPA)
2
  +  (b・TCPA/m)

2
       (8) [14] 

In the study [14], they had investigated some navigators 

to obtain an average value of ρ. Here we had got the value of 

DCPA and TCPA, we put them in the equation (8) to get a ρ 

and compare it to the survey. 

For example in good visibility condition, when the target 

ship is on the starboard bow, we get a = 5, b = 1, m = 1.4, 

TCPA =9, DCPA = 0.7. The result is below, 

(5×0.7)
2
 + (1×9/1.4)

2 = 53.6 

 

In restricted visibility condition, when the target ship is on 

the starboard bow, we get, 

a =5, b=1, m=1.4, TCPA=13, DCPA=1.4. the result is below, 

(5×1.4)
 2 
+ (1×13/1.4)

 2  
= 135.2 

 

In the previous study [14], the value of ρ is 89.3 for large 

ship with length of 150m on the open sea. Because we are on 

the side of small ship and in Xiangshan water, the ρ should be 

smaller than 89.3. In order to test the value 53.6 and 135.3, we 

should investigate the navigator of small ship, and then give a 

discussion. 

 

3.3 Features and principle of activate the alarm 

When the small ship is in port or nearby, there are so 

many ships to activate the alarm. This may insensitive the 

navigators. According to the collision risk, the alarm sets up 

for priority area, and we use the encounter situation to assess 

collision risk. 

Regarding the velocity ratio of two meeting ships, P = 

VO / VT. VO is velocity of own ship, VT is velocity of target 

ship. P is bigger the avoidance boundary is smaller. If the VO 

is bigger, the risk of collision is higher. This means the low 

velocity ship should take an earlier avoidance action. Because 

own ship is small ship, in most time the small ship is the low 

velocity ship, so we should take an earlier avoidance action 

than the large ship. 

In the Figure 14, the zones of Ⅰ,Ⅱ,Ⅲ are levels of the 

dangerous zone. When the target ship enters the zone Ⅰ, it 

will be acquired and with red color, in zone Ⅱ with yellow 

color, in zone Ⅲ, with green color. When the DCPA and 

TCPA meet the set, the alarm will be activated, and the target 

ship can be set with flashing. When the DCPA is 0, the PPC 

(point of possible collision) also be displayed with flashing. 

 

Fig. 14. Levels of dangerous zone of target ship. 

 

4. Simulation 

We got some AIS data from Nagoya Port to set a 

proposed alarm for the ships. There are 14 ships, according the 

inbound and outbound time, we divided them into 7 groups. 

For calculating the distance, DCPA and TCPA between two 

ships, we use Python to deal with data. Considering the 

function of AIS, time interval of each point is set as 6 seconds. 

All the calculation is made in Excel. At last, we use ArcMap to 

read the data from Excel. 

 

4.1 Methodology of distance, DCPA and TCPA 

First, we use the ArcMap to change the spherical 

coordinate system to Gauss plane coordinate system. 

Distance between two ships: 

Distance = 

{(POINTX1 - POINTX2 )
2 
+ (POINTY1 - POINTY2 )

2
}

1/2  
(9) 

POINTX1: own ship’s geometric longitude abscissa. 

POINTX2: target ship’s geometric longitude abscissa. 

POINTY1: own ship’s geometric attitude ordinate. 

POINTY2: target ship’s geometric attitude ordinate. 

 

We can use the Figure 15 to calculate the bearing relation 

(α & β) between own ship and target ship. And get the 

equation as follows. 
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Fig.15. Bearing relation between own ship and target ship. 

 

TBt  = TCo + α 

tan θ = (Yo – Yt) / (Xo – Xt)               (10) 

Relative bearing from own ship 

α = 180°- TCo - (90°-  θ)             (11) 

Relative bearing from target ship 

β = 360° − (180° − (𝑇𝐶𝑜 − 𝑇𝐶𝑡) − 𝛼)     (12) 

 

If α，β is negative, change it to absolute value. If it is in 

the third quadrant, minus 180°, e.g. if α is－184°, 

ABS(α)=184°,then minus 180°, equal to 4 °. 

𝑇𝐵𝑡: true bearing of target ship 

𝑇𝐶𝑜: true course of own ship 

Xo, Yo: longitude and latitude of own ship 

Xt, Yt: longitude and latitude of target ship 

DCPA =
𝐷|𝑉𝑜∗𝑠𝑖𝑛𝛼+𝑉𝑡∗𝑠𝑖𝑛𝛽|

√𝑉𝑜
2+𝑉𝑡

2+2∗𝑉𝑜∗𝑉𝑡∗cos (𝛼−𝛽)

       (13) [15] 

TCPA =  
𝐷(𝑉𝑜∗𝑐𝑜𝑠𝛼+𝑉𝑡∗𝑐𝑜𝑠𝛽)

𝑉𝑜
2+𝑉𝑡

2+2∗𝑉𝑜∗𝑉𝑡∗cos (𝛼−𝛽)
         (14) [15] 

𝑉𝑜: velocity of own ship 

𝑉𝑡: velocity of target ship 

D: distance between target ship and own ship 

𝛼: relative bearing from own ship 

𝛽: relative bearing from target ship 

 

4.2 Data processing 

The reporting interval of AIS data is different with each 

other. We use the first and the last point of the same time, and 

divide the data every 6 seconds. For example, Figure 16 is a 

part of the original data. We only use the ship’s name; 

longitude; latitude; SOG (Speed Over Ground); COG (Course 

Over Ground) and data sending time UTC (Universal Time 

Coordinated). Figure 17 is a part of processed data. The 

longitude and latitude have been changed to rectangular 

coordinates (POINT_X & POINT_Y). Figure 18 is the data 

with DCPA and TCPA. 

 

Fig.16. Original data from AIS. 

 

Fig.17. Processed data every 6 seconds. 

 

Fig.18. Process data to get DCPA & TCPA. 

 

4.3 Simulation results 

We received 14 ships’ AIS data from Nagoya, Figure 19. 

They were divided into 7 groups by time. Here we selected 1 

group data, CENTURY and PORT. We simulated the ship’s 

track by ArcMap (Figure 20) and Google Maps (Figure 21) 
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separately. We can display the distance, DCPA, TCPA 

between two ships. When the DCPA and TCPA match our 

standard, the line turns to red color, as Figure 22.  

 

Fig.19. Display AIS data by ArcMap. 

 

Fig.20. Track of Century & Port by ArcMap. 

 

Fig.21. Track of Century & Port by Google Maps. 

 

For example, in Figure 22, according our standard, 

DCPA< 0.7 × 1852.0 = 1275m & TCPA< 9 × 60 = 540s, the 

two points will be lined and change to red color. At the same 

time, alarm will be activated. 

 

 

Fig.22. Line the alarm points. 

 

5. Conclusion 

In this study, we focused on the marine accident 

happened in Ningbo-Zhoushan Port, analyzed the character of 

fishing boat and sand carrier. After that, based on the accident 

black spot, we gave some suggestions for the navigators. In 

the end, we made an alarm system for the small ship based on 

the navigation environment of Xiangshan water and the 

manoeuvrability of small ship. The DCPA and TCPA standard 

is based on the accident data and the character of 

Ningbo-Zhoushan Port. To decrease the cost and solve the 

weak point of Radar, the alarm based on 3G network, only use 

the GPS data from small ship and AIS data from large ship to 

calculate the DCPA and TCPA. 

At last, we use the ArcMap to simulate the data from 

Nagoya Port. Because the data is not from Ningbo-Zhoushan 

Port, it only was used to confirm our methodology. The results 

are extremely satisfactory. On the other hand, this is just a 

proposed alarm system. According to the insufficient of 

accident data, and we haven’t done an investigation to the 

small ship’s navigators in Ningbo-Zhoushan Port. The minor 

detail of the alarm system needs further discussion. The 

e-Navigation has been called for years, along with the 

development of internet, we believe in the near future free 

communication between shore to shore, shore to ship, ship to 

shore and ship to ship will be realized. By then, ship accident 

will be significantly reduced. 

 

References 

[1] Ningbo Port. 

http://www.nbport.com.cn/wps/portal/en 

9



 

 

[2] Cagoes handling capacity of Ningbo-Zhoushan Port. 

http://kjsb.zjol.com.cn/html/2013-01/18/content_19414.htm  

[3] Ningbo. 

http://www.marinetraffic.com/ais/portdetails.aspx?port_id=27

34 

[4] Zhoushan. 

http://www.marinetraffic.com/ais/portdetails.aspx?port_id=12

51 

[5] Zhe Jiang Maritime Safety Administration. 

http://www.cnzjmsa.gov.cn/  

[6] The government of Zhoushan City. Survey report of the 

accident between fishing boat and merchant ship in Zhoushan 

region. (2011). 

[7] Japan transport safety board. 

http://jtsb.mlit.go.jp/jtsb/ship/ship-accident-toukei.php 

[8] Ningbo Maritime Safety Administration. 

http://www.nbmsa.gov.cn/portal/  

[9] Guangwei Shen, Koji Murai, and Yuji Hayashi, Toward 

Information Exchange System for ship navigation based on 

3G network - Communication and Alert System of small ship 

in Ningbo-Zhoushan Port -, Proceedings of International 

Conference on Emerging Trends in Engineering and 

Technology, pp.281-286 (2012). 

[10] Ningbo Port Authority.  

http://www.nbjt.gov.cn/htm/gangkoufuwuzhinan/2006/0930/5

33.html 

[11] Ship Maneuvering. 

http://www.doc88.com/tag/%E8%88%B9%E8%88%B6%E

6%93%8D%E7%BA%B5 

[12] Ship’s Turning Circle. 

http://www.google.com.hk/url?sa=t&rct=j&q=&esrc=s&fr=1

&source=web&cd=2&ved=0CDEQFjAB&url=http%3A%2

F%2Ftitanicology.com%2FTitanica%2FTurning_in_Circles.

ppt&ei=Mp3HUeKFIobAiQee9oCIDw&usg=AFQjCNG2

GvfpA7HnLPQ0itdqyM06XIcjdQ&sig2=o99FdXO2BAO

N8Hv_URDx9Q 

[13] J.Kearon, Computer programs for collision avoidance 

and traffic keeping conference on mathematical aspects on 

marine traffic, London, Academic press (1997). 

[14] Weng Jianjun, Research on regulation of DCPA and 

TCPA to give best collision avoidance, Wuhan University of 

Technology (2004). 

[15] Hasegawa, Ta & Tachigawa, Voyage Support System by 

the Virtual Traffic Center on the Sea, Kansai Soc. N.A., Japan, 

pp.75-79 (2001). 

 

10




