
 

 

 
Abstract—Fuzzy Logic, an advanced method to support 

decision-making, is used by various scientists in many disciplines. 
Fuzzy programming is a product of fuzzy logic, fuzzy rules, and 
implication. In marine science, fuzzy programming for ships is 
dramatically increasing together with autonomous ship studies. In 
this paper, a program to support the decision-making process for ship 
navigation has been designed. The program is produced in fuzzy 
logic and rules, by taking the marine accidents and expert opinions 
into account. After the program was designed, the program was tested 
by 46 ship accidents reported by the Transportation Safety 
Investigation Center of Turkey. Wind speed, sea condition, visibility, 
day/night ratio have been used as input data. They have been 
converted into a risk factor within the Fuzzy Logic Designer 
application and fuzzy rules set by marine experts. Finally, the expert's 
meteorological risk factor for each accident is compared with the 
program's risk factor, and the error rate was calculated. The main 
objective of this study is to improve the navigational safety of ships, 
by using the advance decision support model. According to the study 
result, fuzzy programming is a robust model that supports safe 
navigation. 
 

Keywords—Calculation of risk factor, fuzzy logic, fuzzy 
programming for ship, safe navigation of ships. 

I. INTRODUCTION 

ARITIME transportation has been increasing day by 
day, because it is cheaper and its carrying capacities are 

higher than other forms of transportation. Besides, it supports 
more than 90% of international trade volumes in these days, 
and it is one of the oldest forms of interaction in the world [1]. 
These and similar conditions made the industrialization of 
maritime transport possible, so the maritime industry was 
formed. Maritime freight transport and auxiliary services, like 
agency, storage, are developing and evolving momently, form 
the maritime industry. Also, the maritime industry is affected 
by many fields such as tourism, economy, environment, 
engineering, and it has a significant role in the scientific 
world. Moreover, some countries even consider the 
development of the maritime industry as the first step in the 
development of their country [2]-[4]. All these prove the 
importance of the maritime industry, and they show the value 
of every study done on this subject. 

Maritime industry is a place where organizations cooperate 
with their competitors and share common goals and mutual 
benefits, and it is becoming globalized [5]. In order to connect 
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with the advancement in technological developments, sailors 
and scientists have tried to find solutions with technological 
discoveries for the problems in the maritime industry. 
Examples of this can be seen in all aspects of shipping. For 
instance, the number of marine accidents had decreased 
between 1979 and 2001, but it began to increase again in 
2002. Then, it reached the second-highest level in 50 years, 
exceeding 2000 in 2008. Therefore, many studies are carried 
out in order to prevent accidents and to make maritime affairs 
safer in the maritime industry that has become more 
technological in the recent half-century [6]. However, accident 
data analysis and risk analysis/safety assessment, the trendiest 
research topics related to marine accidents, are more 
significant topics than others [6]. 

Accident data analysis and risk analysis/safety assessment, 
are the topics of paper about marine science [7]. Scientists use 
different scientific methods to prevent damages, and losses 
that may cause accidents. Bayesian classification, 
classification trees, combining classifiers that are subtopics of 
machine learning classification, fuzzy logic, and its derivatives 
that are mathematical approaches, and other statistical and 
probabilistic models were used for this purpose, and continue 
to be used. Fuzzy logic and its derivatives are the popular 
method of marine science for the safety of navigation. Many 
studies used fuzzy logic, especially when it comes to avoiding 
a collision. Meteorological risk assessment is neglected in 
those studies [8]-[11]. The fuzzy logic-based approach is 
convenient to make a ship-bridge collision alert system. The 
paper aims to prevent ship-bridge collision unlike our study 
[12]. The meteorological changes such as sea condition, wind 
condition, vision, and day/night have been neglected in some 
papers [13]-[15]. Maritime risk assessment including a 
meteorological risk assessment has been made, but 
meteorological risk assessment has not been studied in detail: 
membership functions were neglected, rules are not enough, 
relationships are not disclosed in some papers [16], [17]. 
There is a comprehensive study in this paper considering all 
those. 

The important topics in solving the problem are to define 
the problem correctly and to choose the right model to solve 
this problem. In this study, we aim to perform the 
meteorological risk assessment of the ships to increase the 
safety of navigation. The problem of this study is the absence 
of a complete and accurate meteorological risk assessment to 
increase the safety of ships. The research method tool which 
was used in this study is the fuzzy logic application. Fuzzy 
Logic Designer, application of MATLAB program, was used 
to apply this method. The method with details is given in 
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Section II. Moreover, the program created in this study was 
applied to real accident data. The findings are given in section 
II C. 

II. METHODOLOGY 

In this study, meteorological risk assessment is based on 
fuzzy logic. 

A. Fuzzy Logic 

In daily conversations, people use adjectives like, good, 
bad, long, short, new, old, and so on. In these 
communications, adjectives are sometimes insufficient to 
express our thoughts. Also they use adverbs of degree like, 
extremely, very, nearly, and so on. On the other hand, due to 
the increase of automatization and robotic technologies in 
engineering science, it was a requirement that the definition of 
these adjectives, and adverbs and explanations of the 
relationship between them must be clear. As a result, the term 
"fuzzy set" was invented to meet the requirement in 1965. 
Recently, these sets have evolved into fuzzy logic. Fuzzy sets 
and relationships between them form the basis of fuzzy logic 
[18].  

Fuzzy sets are a unique method invented to express 
semantic uncertainty in the human tongue. Also, they make it 
feasible scientifically to cope with subjectivity [19]. The 
theory of fuzzy sets includes fuzzy set connectives 
(complementation, intersection, and union), implication 
operators, arithmetic operations, and ranking of fuzzy numbers 
[20]. Fuzzy relation equations and rules could be defined as 
relationships between fuzzy sets. Fuzzy relations are fuzzy 
sets defined on universal sets which are Cartesian products. 
Composition of fuzzy relations (min-max composition, max-
star composition), types of fuzzy relations (Reflexive, 
Symmetric, max-min transitive so on), and fuzzy reasoning (If 
<premise>, then <consequence>) are subtopics of fuzzy 
relations [21]. 

In this study, Meteorological Risk Factor (MRF) for a ship 
was calculated based on fuzzy logic. Details of the MRF for 
ships calculated with the fuzzy application were explained in 
Section II B. This calculation based on fuzzy logic was applied 
to real accident data in Section II C. 

B. MRF for Ship 

In this paper, MRF was created by wind speed, sea 
condition, visibility; day/night ratio was calculated. The risk 
factor calculation program was prepared by using the fuzzy 
logic designer application of the MATLAB. In this section, 
details of the program are given.  

There are four topics for meteorological inputs: Wind 
speed, sea condition, visibility, day and night ratio, and one 
output: risk factor, Fig. 1. 

There are three fuzzy sets for wind speed (W): light air, 
breeze, the high wind, Fig. 2. The range 0-12 is determined by 
considering the Beaufort scale which is currently being used in 
ships.  

There are three fuzzy sets for sea condition (S): calm, slight, 
high wave, Fig. 3. The range 0-9 is determined by considering 

the Beaufort scale which is currently being used in ships. 
 

 

Fig. 1 Fuzzy logic based meteorological risk assessment model 
 

 

Fig. 2 Wind speed membership function for Meteorological risk 
assessment model 

 

 

Fig. 3 Sea condition membership function for Meteorological risk 
assessment model 

 

 

Fig. 4 Visibility membership function for Meteorological risk 
assessment model  

 
There are three fuzzy sets for visibility (V): Dense fog, light 

fog, clear, Fig. 4. The range 0-9 is determined by considering 
the Visibility scale which is currently being used in ships. 

There are three fuzzy sets for day and night ratio (D): Night, 
day, night 2 for values between 0-24, Fig. 5. 

There is a fuzzy set for meteorological output that risk 
factor: Little risk, medium risk, high risk for values between 
0-100, Fig. 6. 

81 rules have been determined considering each input set. 
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This determination was made with experts, 1 of whom is a 
captain and 2 of which are the oceangoing officers on watch. 
As a result of this determination, 15 little risk, 42 medium 
risk, and 24 high risks were found. The relations based on 
these rules are shown in Fig. 7. 

 

 

Fig. 5 Day or night ratio membership function for Meteorological 
risk assessment model 

 

 

Fig. 6 MRF membership function for Meteorological risk assessment 
model 

 

 

Fig. 7 MRF membership function for Meteorological risk assessment 
model 

C. Simulation of Meteorological Risk Assessment Model 

In this study, 46 marine accident data which were reported 
by the Transportation Safety Investigation Center of Turkey 
between 2009 and 2019 were examined. In order to use the 
accident data in the test of the MRF fuzzy program, which are 
the output of our research, wind speed, sea condition, 
visibility, day/night ratio, data of the accidents must be 
included in the accident reports. Since these data were found 
in 29 accidents, these 29 accidents were tested in this study. In 
order to test the program, first of all, expert's Meteorological 
Risk Factor (EMRF) was done by sharing accident wind 
speed, sea condition, visibility, and day/night ratio information 
with an expert, and assessing meteorological risk to be made 
by an expert. Afterwards, by entering the accident data into 
the prepared program, the Program Risk Factor (PRF) 
calculated by the program was found for each accident. PRF 
was compared with EMRF by using the value of RMSE and 
MAPE [22]. 

MAPE is 18,9, RMSE is 10,3. These values are good for a 
machine learning program. However, other studies can be 
done to decrease these values. Therefore, this study would 
guide other studies. 

 

 

Fig. 8 The framework of Simulation Model 

III. RESULTS AND FINDINGS 
TABLE I 

EXAMPLES OF ACCIDENT 

x W S V D PRF EMRF 

6 0 0 7 11 16,7 20 

8 3 2 7 5 49,5 50 

16 9 6 0 16 81,6 85 

25 1 0 7 11 20 20 

45 7 6 4 2 83,4 80 

x = Number of accidents (totally 46) 
 

The examples subject to our research are given in Table I. 
When these are examined, it was seen that the sensitivity of 
the expert evaluation in the 6th and 25th accident decreases 
when the risk decreases, whereas the program risk gives 
sensitive values. In the 16th accident, it is possible to see that 
the program risk is very close to the expert opinion in cases 
that indicate high risk. Besides, in the 8th accident, PRF is 
almost the same value as EMRF. In the 45th accident 
information, it is seen that the program, like an expert, 
determines the risk factor by considering all the data and is 
sensitive in doing so. 

With the advancement of technology, many developments 
have taken place in the maritime industry, as in many other 
fields. One of the main reasons for these developments is to 
prevent marine accidents. In this study, a meteorological risk 
assessment, which could be a decision support mechanism for 
the officer on the watch for ships, is made to prevent 
accidents. This decision support program is designed, based 
on fuzzy logic used in many scientific studies. This program, 
created as a result of this study, has been tested on marine 
accidents that have occurred. 5 results have been reached by 
realizing the stages of creating a program and testing the 
created program. 

In this study, the applicability of fuzzy logic in the 
prevention of marine accidents has been proved. However, 
meteorological risk assessment is often neglected in the 
studies carried out to determine the danger of collision on the 
bridge. Unlike the others, in this paper, fuzzy logic was 
applied only in meteorological risk assessment for ships, and 
the suitability of the fuzzy-logic based meteorological risk 
assessment model for the ship was tested on real accidents. 
This study will form the basis for meteorological risk 
assessment in this regard. Therefore, it is proved by practice 

                                                                                               Fuzzy       
                                                                              

                                                                              

                                                                               Expert Assessment 

 

Wind Speed Sea Condition 

Visibility Day/Night Ratio 

PRF 

EMRF 
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on real marine accidents that meteorological risk assessment 
based fuzzy logic is useful and easy. This paper proved the 
scientific effectiveness of fuzzy logic again and contributed to 
fuzzy logic in its applicability in different fields.  

The program, which was formed as a result of the 
meteorological risk assessment detailed, can be used in the 
maritime sector as the output of the research. This program 
could also serve as a basis for automated bridge equipment in 
the maritime industry that goes to smart ships. The fact that 
the program created as a result of this study can be used as a 
decision support mechanism has proved the success of the 
fuzzy logic concept in grounding the decision support 
mechanism. As in this study, fuzzy logic is beneficial in 
studies performed by following all the rules of fuzzy logic. 
Fuzzy logic and its applications can form the basis for 
automation, and the studies done on machines to do every task 
which is done by humans. 

In critical situations, people can make wrong decisions due 
to panic and other reasons, whereas a program based on fuzzy-
logic rules can always make the right decision and end up with 
correct results. In this study, a fuzzy logic application prepared 
in line with expert opinions proved to be equal with experts as 
a decision support mechanism. With a fuzzy logic or a similar 
scientific method, the creation of programs would be 
facilitated by examining situations such as meteorological risk 
assessment that can be ignored in emergencies. This study 
could form a basis in this regard. 

The lack of a meteorological risk assessment system, which 
would be a decision support mechanism in the collision 
prevention movement, is a problem that was encountered in 
the test of the program we created. In this study, the program 
created to close this gap was tested with the expert assessment 
of the information on marine accidents. This deficiency is put 
forward thanks to this study. It is stated in this paper that the 
meteorological risk assessment performed can be a solution to 
this problem. 

This study showed that it is an undeniable fact, that the 
meteorological factors affect marine accidents. However, it is 
wrong to say that the only cause of marine accidents is 
meteorological. To reduce the meteorological impact of 
marine accidents, a fuzzy-logic based decision support 
program, detailed in this study, was proposed. With this 
program, it is desired to fill the gap in the maritime industry 
that may cause an accident. 
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