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Abstract. Ship navigation safety is affected by various factors. A ship navigation risk evaluation method 
based on Rosen gradient projection method and fuzzy comprehensive evaluation is proposed in this paper. A 
three-layer navigation factor fuzzy comprehensive evaluation model is established. Rosen gradient projection 
method is used to calculate the weight of the model. This method can greatly weaken the influence of human 
subjective factors, maintain a certain calculation accuracy, and make the evaluation objective and accurate. 
Finally, experiments verify the feasibility of this method. 
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1. Introduction  
As a bridge connecting maritime transportation and land transportation, port and wharf plays an 

extremely important role in maritime transportation. The navigation safety of the port and its adjacent waters 
plays an extraordinary role in ensuring the trade between sea and sea and between sea and land[1]. With the 
surge in the number of ships at sea and the frequent occurrence of marine risk accidents, the safety of ship 
navigation at sea has always attracted the attention of shipping enterprises and academia. 

In the field of maritime traffic safety, there is a relatively perfect theoretical system. Literature[2] makes 
statistics on relevant factors such as ship scale, channel natural environment, wind, wave and current, 
quantitatively analyzes and evaluates the influence of various factors on ship maneuvering, and then obtains 
the evaluation idea of the overall risk of ship navigation in water areas. The research object of literature[3] is 
aimed at the natural environment around the channel, The natural factors affecting navigation safety are 
quantified systematically and carefully, and verified one by one, so as to provide a reference for promoting 
the safety of marine traffic environment. Literature[4] proposes to take the ratio of ship traffic accident 
conversion number and ship conversion activity within the specified period as the "safety index" to represent 
the ship traffic safety status of a port or water area in a certain period. 

For the evaluation method, the research in the field related to maritime safety in literature[5] combines 
fuzzy theory and neural network, and dares to obtain good results; In reference[6], aiming at the problem of 
marine navigation risk, Bayesian network is used to study the probability reasoning model between various 
variables by means of quantitative analysis Reference[7] proposed a probabilistic framework for assessing 
ship risk based on hybrid method and multiple data sources. The Bayesian network learning method uses the 
data from the new inspection system of the Paris Memorandum of understanding on port state control to 
characterize the relationship between risk parameters and conduct dynamic and static evaluation Analytic 
hierarchy process is widely used in the field of navigation risk evaluation, but it has the disadvantage of 
strong subjectivity[8]; In order to weaken the influence of subjective factors, a fuzzy analytic hierarchy 
process (Fuzzy AHP) model is proposed to obtain the weight of evaluation factors by using the experience of 
multiple groups of experts, which is actually applied to the study of marine navigation risk evaluation[9-10] 
The risk cloud model (RCM) of the cloud model theory proposed in document[11] can use multi-channel 
information to evaluate the risk in the navigation environment, adapt to uncertainty and provide full-
functional analysis of the navigation environment. 

Based on the above theoretical system and evaluation method, a fuzzy comprehensive evaluation method 
based on gradient projection is proposed for the navigation safety of the port and its adjacent waters. Firstly, 
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a multi-layer factor evaluation model is constructed. Secondly, a weight calculation method based on 
gradient projection is proposed, which can greatly weaken the influence of human subjective factors, and 
maintain the error calculation accuracy of no more than 0.1%, making the evaluation objective and accurate. 
Finally, experiments verify the feasibility of this method. 

2. Evaluation Model 
 In this study, the fuzzy comprehensive evaluation gradient projection method (FCE-GP) is used to 

evaluate the navigation risk of ships in the port and its adjacent waters. The specific evaluation process is 
shown in Figure 1. Firstly, the risk factors during navigation are sorted out, and then the risk assessment is 
carried out according to multiple FCE steps and the weight value calculated by GP. This section mainly 
introduces the FCE procedure, and the next section introduces the GP procedure. 

2.1. Establishment of the Evaluation Factor U 
In this paper, the risk factors of ship navigation in the waters near the port are divided into two primary 

indicators: "traffic conditions" and "natural conditions". The traffic conditions are subdivided into "port 
conditions", "channel conditions", "ship traffic flow" and natural conditions are subdivided into secondary 
indicators such as "meteorological conditions", "hydrology" and "Geology". The above secondary indicators 
can be subdivided into the following tertiary indicators. The multi-layer factor set is conducive to the 
accuracy of the evaluation results. 

• Security level.In accordance with the relevant provisions of the International Ship and port Facility 
Security code, the governments of Contracting States shall ensure that port facility security 
assessments are carried out, reviewed and approved for port facilities. ISPS code specifies three 
international security levels.  Operational and physical security measures shall be taken by the port to 
ensure its operation at the level of security level 1. 
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Fig. 1:overall block diagram of navigation risk assessment 

• Effective length of berth. The effective length of berth refers to the horizontal distance along the 
wharf direction that can effectively use the berth in and out during the berthing and unberthing of 
ships.The regulations on the administration of ship pilotage points out that the effective length of the 
berth shall be at least 120% of the total length of the guided ship;  

• Abundant water depth.The regulations on the administration of ship pilotage points out that the port 
must ensure that the berth has sufficient water depth and there are no obstacles under the water; The 
surplus water depth recommended by the European drinking water association EMPA is: for overseas 
waterways, the surplus water depth = 20% of the ship's draft; For waterways outside the port, the free 
water depth = 15% of the ship's draft; For waterways in the port, the free water depth = 10% of the 
ship's draft. 

• Channel width."Channel width" is the ship operation space provided by a port for ships on the 
channel. Its size is one of the main symbols of maritime traffic safety in the port waters. The ratio of 
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maximum length to channel width is usually used as the standard. If the traffic congestion of the route 
is not considered, it is generally considered that the route width should be 1.5 times the maximum 
captain. 

• Channel curvature.Turning radius of channel refers to the minimum radius of curvature on the center 
line of channel. Assuming that the turning radius of the channel is r and the length of the ship is L, 
generally: ( )4 ~ 5r L≥ . 

• Vessel crossing angle.Generally, the number of cross confluence points and the angle of each cross 
confluence are mainly used to reflect the risk degree of channel cross confluence. Among them, the 
crossing channel has the most impact on the safety of ship navigation. The maximum crossing angle 
of the channel is used as the index value to evaluate the crossing condition of the route. From 0 
degree to 90 degree, the risk increases with the increase of crossing angle. 

• Water traffic density.Ship density reflects the busy degree of ship traffic in the water area to a certain 
extent, but also brings difficulties to navigation safety, and objectively reflects the degree of danger. 
The number of ships per unit water area is used as the measurement standard of water traffic density, 
and the unit is ship / square kilometer. 

• Visibility."Visibility" refers to the maximum horizontal distance that can be seen by normal eyesight 
at sea. In foggy weather and low visibility, the safe driving of passenger ships will be greatly affected. 
The safety level corresponding to visibility is determined according to the 1972 International 
Convention on rules for preventing collisions at sea and relevant data, with the unit of N miles. 

• Wind speed.Windy weather occurs frequently along the coast, which has a great impact on the safe 
operation of passenger ships. The wind grade is mostly defined according to the Beaufort wind grade: 
the wind is divided into 13 grades from 0 to 12 according to the wind speed. The unit is wind grade. 

• Rainfall.Statistics show that most of the ship accidents caused by rainfall are caused by sudden 
violent storms at sea.Generally speaking, when the rainfall is more than 25mm, it will affect the ship's 
water navigation. The unit is mm / day. 

• Wave height. Wave height is usually expressed by wave level, which is the degree of fluctuation of 
the sea surface caused by the strength of wind. The higher the wave, the greater the level. The wave 
height is evaluated according to the commonly used Dow wave level. 

• Ice. Sea ice has an important influence on the vertical distribution of marine hydrological elements, 
seawater movement, marine thermal status and the formation of ocean bottom water.The amount of 
ice is the ratio of the area of dense sea ice in the unit sea surface to the area of the whole sea surface. 
The amount of ice is used as the evaluation standard. 

• Current Speed. Due to the different flow directions and sizes in four seasons, the impact on ship 
safety is related to the ship's course, which will directly affect the ship's sailing time and operating 
benefits. The velocity of countercurrent is used as the evaluation standard. 

• Reef. We often determine whether there is a threat to ship navigation by measuring the height of the 
reef from the water surface.  

• Undercurrent. At the same time, in the sea area with rich ocean currents, attention should also be paid 
to the direction and speed of undercurrent. The velocity of undercurrent is also used as the standard 
for evaluation. 

 A three-level risk factor set is established from the above risk factors, as shown in Table 1. 

Table 1:  Multilayer Risk Factor Set 
 Primary 

index 
Secondary 

index Tertiary index 

Risk 
evaluation 

of 
navigation 

in port 
waters 

 
 

Traffic 
conditions 

1u  

 
 

Port conditions 

11u  

Security level 111u  

Effective length of 

berth 112u  

Abundant water 

depth 113u  

Channel 

width 114u  
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Channel 

conditions 12u  

Channel 

curvature 121u  

Ship traffic 

flow 13u  

Channel 

curvature 131u  

Water traffic 

density 132u  

Natural 
condition 

2u  

Meteorological 

conditions 21u  

Visibility 211u  

Wind speed 212u  

Rainfall 213u  

Wave height 214u  

Hydrology 22u  

Ice 221u  

Current 

Speed 222u  

geology 23u  
reef 231u  

Undercurrent 231u  

 

2.2. FCE procedure 
• Establish the evaluation set V. Give the evaluation set 1 2( , ,......, )mV v v v= , that is, the set of 

various evaluation results that the evaluator may make for the evaluation object. The judgment set of 
this study consists of five criteria, namely very unsafe, relatively unsafe, general, relatively safe and 
safe, which are represented by 1v 、 2v 、 3v 、 4v and 5v respectively, and the corresponding scores are 
as follows: 

Table 2:  Judgment Set and Score 

 Very 
unsafe 

relatively 
unsafe commonly relatively 

safe safe 

judgment 
set 1v

 2v
 3v

 4v
 5v

 
Score 5.5 6 7.5 8.5 10 

 
• Determine the first level index membership matrix R.The fuzzy set theory was first proposed by 

Zadeh[12], which expresses the membership of elements in the set through characteristic function. 
The membership relationship is no longer represented by the set of two values (0 and 1), but by any 
value in the interval [0,1], which corresponds to the membership[13]. For factor set 

1 2( , ,......, )nU u u u= and evaluation set 1 2( , ,......, )mV v v v= ,n represents the number of factor 
sets, iu represents the i-th factor of each layer in the factor set; m represents the number of evaluation 
set standards, and jv represents the j-th standard. Fuzzy mapping is determined as Formula 1.Then 
represented by fuzzy matrix R,R is the single factor evaluation matrix, where ijr represents the 
membership degree of the i-th factor iu to the j-th evaluation standard jv . 

1 2

: ( ),
( ) ( , ,......, ) ( )i i i i im

f U V
u f u r r r V

→ Γ
→ = ∈Γ

                                   (1) 

11 12 1

21 22 2

1 2

r r ... r
r r ... r

[ ]
... ... ... ...
r r ... r

m

m

n n nm

R =  
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• Determining the weight factor W .Weight vector refers to the relative prominence of the evaluation 

index. In this study, the weight factor is initialized to any value in the interval (0,1), and then 
determined by Rosen gradient projection method. 

• Determination of comprehensive grading vector B. After determining the weight set w and the single 
factor evaluation matrix R, the fuzzy operation principle of the comprehensive grading vector of the 
upper level can be expressed as[14]: 

1 2( , ,..., )mB A R b b b= =                                                           (2) 

 “  ” It is called fuzzy operator. At present, m (●, ⊕) mode is adopted,and iw represents the weight 
 value corresponding to the i-th factor. 

 
1 1

min{1, }, 1,2, ,
n n

j i ij i ij
i i

b w r w r j m
= =

= = ⋅ =∑ ∑                         (3) 

• Calculate the comprehensive score S. After the final level comprehensive score vector 
1 2( , ,......, )mB b b b=  is obtained, the comprehensive score calculated according to formula 4. Then the 

weight is calculated iteratively. After ensuring a certain error accuracy, the maximum corresponding 
safety level is selected as the evaluation result according to the max principle. 

 1 2 3 4 55.5 6.5 7.5 8.5 10S v v v v v= × + × + × + × + ×                                         (4) 

3. Rosen Gradient Projection Method 
Set the objective function as: 

( )221 1V= e =
2 2

S S∗ −∑ ∑                                                        
 (5) 

S ∗ is the evaluation score given by the expert according to the existing conditions. S is the score 
calculated by the evaluation model. 

Step 0. Give the initial feasible point 0x and let k = 0; 

Step 1.Determines valid 1 1kA x b= and non valid constraints 2 2kA x b>  at kx , where 1

2

A
A

A
 

=  
 

and 

1

2

b
b

b
 

=  
 

; 

Step 2.Let 1A
M

E
 

=  
  ,

If M is empty, let P = I (identity matrix). Otherwise, let 1( )T TP I M MM M−= − ; 

Step 3.Calculation ( )k kd P f x= − ∇ . If 0kd ≠ , turn to step 5; Otherwise, turn to step 4; 

Step4.Calculation 1( ) ( )T
kMM M f x

λ
ω

µ
−  

= ∇ =  
  ，

If 0λ ≥ ，the calculation is stopped, the output 

0x  is KT point. Otherwise, select a negative component λ , such as 0jλ < , to modify the matrix, that is, 

remove the row corresponding to jλ in 1A and turn to step 2； 

Step5.Solve the one-dimensional search problem and determine the step size kα : 

min  ( ) . . 0k kf x d s tα α α+ ≤ ≤
                                                  

 (6) 

Wherein ,α  is determined by the following formula: 
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2 2

2 2
2

2

( )min | ( ) 0 , ( ) 0
( )

   ( ) 0

k i
k i k i

k i

k i

b A x A d A d
A d

A d
α

  −
< < =   

 +∞ ≥

                                            (7) 

Step 6.Let 1 1k k k kx x d k kα+ = + = +， ,turn to step 1. 

4. Case Analysis 
Assuming that the large passenger ship is selected as the experimental ship type, the length is not less 

than 150m, and the safety critical value of the affluent water depth is set to 1m, the factor set u and the 
evaluation set V are determined. According to the above factors, the three-layer fuzzy evaluation model 
shown in the table below is established, and the corresponding safety level is determined by referring to 
relevant literature as follows. 

Table 3:  Risk factor set and its corresponding evaluation level 
 Very 

unsafe 
relatively 

unsafe commonly relatively 
safe safe 

111u  3 2 1 

112u  ≤ 1.15 1.15-1.25 1.2-1.25 1.25-1.3 ≥ 1.3 

113u  <0.8 0.8-0.9 0.9-1.0 1.0-1.2 >1.2 

114u  0.8-1 0.6-0.8 0.4-0.6 0.2-0.4 0-0.2 

121u  60-90 45-60 30-45 15-30 0-15 

131u  70-90 60-70 45-60 20-45 0-20 

132u  >10 9-10 7-9 5-7 0-5 

211u  ≤ 0.5 0.5-1 1-2 2-5 >5 

212u  ≥ 7 6-7 5-6 4-5 <4 

213u  ≥ 80 50-80 25-50 10-25 <10 

214u  >7 6-7 5-6 2-5 ≤ 2 

221u  >5 4-5 3-4 1-3 0-1 

222u  >5 3-5 2-3 1-2 0-1 

231u  <8 8-10 10-15 15-20 >20 

231u  >5 3-5 2-3 1-2 0-1 

 

For the above factor set, the weights under each secondary index are effective constraints 1iw =∑ and 

non effective constraints 0 1iw< < . The above constraints are substituted into the gradient projection 
algorithm, and then the gradient projection algorithm is trained by using the expert data set to obtain the 
appropriate factor weights at all levels. 

The initial three-level factor weight is set to 1
n

, and n is the number of three-level factors under the 

second-level factor, and the above conditions are substituted into the weight calculation process, and set the 
step size to 0.001. When the accuracy reaches 0.001, the iteration ends, and the test results are shown in 
Figure 2-4. 
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Fig. 2: SSE of data set 

 
Fig. 3: Optimization results and forecast results 

 
Fig. 4: Optimization results and forecast results 

The multi-layer fuzzy comprehensive evaluation method has the characteristics of fuzziness, 
quantification and hierarchy. It can make a comprehensive, correct and quantitative evaluation of navigation. 
By adding the gradient projection algorithm to calculate the weight, the result is more objective and accurate 
than the analytic hierarchy process and entropy weight method. 

5. Conclusion 
A risk evaluation model based on gradient projection fuzzy comprehensive evaluation is proposed for 

ships sailing in the port and its adjacent waters. A multi-layer fuzzy evaluation model is constructed. The 
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gradient projection method can optimize the weight value with high accuracy, avoid the influence of 
subjective factors, and make the evaluation process objective. 
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