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Abstract - The aim of this study was modelling of formed operating capacity of Mersin Port depending on annual handling 
quantity. Being of model variables complex and inappreciable required that the system should be examined by fuzzy logic 
approach. When compared traditional approaches, fuzzy logic is the approach which impressively explains relationship 
between input and output variables. Fuzzy logic approach is based on definition of relationship between variables with 
formed fuzzy rule base by fuzzication of numeric values belonging to input and output variables and obtaining a crisp value 
by defuzzication of output value generated in the system. For this study, while input variables were annual loading and 
unloading quantities, output variable was capacity usage ratio of the port. Model is proposing a fuzzy relation between 
annual handling amount of port and formed port capacity, and describing variation of port capacity as proportional. 
Furthermore, the model maximizes effectiveness of port operating by planning of annual target handling amount for port 
considering formed capacity. 
 
 
I. INTRODUCTION 
 
Regarding its geographic location, maritime should 
be the leading sector for Turkey in order to improve 
foreign trade, integrate with world economy and 
achieve other economic aims. World trade fleet is 
about 800 million of dead weight tons (DWT) and 
trade capacity of the fleet exceeds 300 billion dollars. 
However, when related data compared for Turkish 
maritime, the ratio is a negligible value, such as 1.5 
%. Ports are generally infrastructural facilities which 
are large scale and require great budgets. Effective 
utilization of port capacity is very important when 
primary target is recovery of financial resources spent 
at construction and operation stages as soon as 
possible. Rapid recovery is possible by effective 
utilization of capacity. It can be seen at the literature 
that simulation models are developed, oriented for 
rising of formed port capacity (White vd 1994; Thiers 
and Janssens, 1998; Sii vd. 2004). Bruzzone and 
Signorile (1998) have examined planning of port 
operations, which are directly related with capacity, 
by genetic algorithms and simulation techniques in 
their study. Knatz (2006) have mentioned 
redevelopment process in case of being port capacity 
more or less than planned and developed plans 
applicable for Long Beach and Los Angeles Ports. 
Dekker et al (2003) have shown a different approach 
and investigated financing sources for increasing 
capacity and their direct and indirect effects on 
society. Sii et al (2004) have developed a different 
approach by analyzing of maritime and port 
operations using risk analysis and decision-support 
system.  Studies are generally focused on directly 
increasing of capacity.  
 
In this study, port capacity consists of two variable 
parameters depending on time. Auto-regressive 
moving average (ARMA) or auto-regressive 
integrated moving average (ARIMA) models are 
generally used to analyze time-dependent variables 
(Box and Jenkins, XXXX). While insufficiency of 
developed model is an important cause of uncertainty 

in solution of this type problems, which is complex 
and have limited modelling possibility, insufficient 
knowledge and assumptions cause more uncertainty 
in solution stage. As contrast, fuzzy logic is a 
artificial intelligence technique using verbal variables 
and uses uncertainties instead of certainties. 
Difference between fuzzy logic and classic 
mathematical methods based on not working with 
certainties and enabling subjective definitions. 
Mathematical expression of uncertainties makes 
simpler modelling of complex systems, such as 
determination of port capacity.  The developed fuzzy 
model have a prototype model characteristic due to 
emphasizing effective usage of formed capacity 
rather than increasing of port capacity. Furthermore, 
the model provides great advantages to achieve 
plannings and investments for targeted-operating 
capacity. 
 
II. THE PORT OF MERSIN 
 
2.1. Geographical and Geopolitical Situation of 
Port 
 
The port of Mersin is located at the east of 
Mediterranean region, 36º46’20’’ north latitudes and 
36 º 39’00’’ east longitudes (Fig. 1). After the 
economical decisions on 24 January 1980, the port of 
Mersin got the feature of an ideal transit port between 
the world and Middle East as a result of improving of 
railway and highway lines. The Mersin Free Trade 
Zone, which holds a place inside of the port of 
Mersin, has the property of being a distribution center 
for expensive import products. East Mediterranean 
region is the region which maritime trade gathers 
between Far East countries and Middle East and 
European countries also European and American 
countries and Turkey and Middle East countries. 
There are many competitor ports at East 
Mediterranean region for the port of Mersin on transit 
transportation to Middle East countries, especially 
Iraq. For example, the port of Beirut is regenerating 
by achieving great infrastructural investments. The 
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Laskiye and Tartus ports of Syria and Aqaba Port of 
Jordan are taking an interest in maritime trade 
towards Middle East countries having the advantages 
of low prices and unlimited tonnage on 
transportation. Furthermore, the port of Mersin is in a 
instable region in consideration of geographical 

location. In the past, the region has been negatively 
affected from Gulf War (1990-1991) and Cyprus 
Peace Operation (1974). Port investments have closed 
to stop since said negative events showed their effects 
for a long time and effective usage of formed port 
capacity has been blocked for many years.

 

 
Figure 1. Location of The Port of Mersin 

 
2.2. Technical Properties and Capacity of The 
Port 
The port is being surrounded by breakwaters, made 
up two different forms, to protect it from south and 
west winds. The distance between both breakwaters’ 
ends is 275 meters forming inlet and outlet gate. The 
breakwater at the west side is build up by rubble 
mound and has the length of 1 539 meters. The 
concrete breakwater at the east side has the length of 
2 933 meters. Besides, a sunken breakwater is 
available. There are 589 000 square meters open and 
35 032 square meters closed storage areas (Table 1). 
Container terminal is formed on an area of 251 350 
square meters and its daily handling capacity is 8 474 
TEU (Twenty-foot Equivalent Unit) as full and 
empty. Annual container storage capacity is 203 376 
TEU.  

 

 
Table 1. Characterictics of The Port of The Mersin 

 
There is train terminal in the port. The needed 
facilities are available for frigorific containers. Also a 
conveyor system is existed which connected to 
landing pier and its capacity is 100 000 tons. 
Meanwhile, there is waste water treatment system. 
The port has container terminal and it has enough 
serving capacity for different types ships such as 
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varied commodity, bulk solid, bulk liquid and Ro-Ro 
beside international passenger cruisers thanks to 
modern infrastructural facilities and effective 

handling operations. The handled cargo amounts 
between 1963 and 2005 years are given in Figure 2. 
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Figure 2. Amount of Hanling in The Port of Mersin 

 
III. OVERVIEW OF FUZZY LOGIC 
 
Zadeh (1965) has firstly suggested fuzzy logic 
concept and base lines of fuzzy logic are formed 
through developing this concept by many scientists 
(Patyra and Mlynek, 1996). The first fuzzy logic 
application has started with performing of fuzzy 
control of a steam engine by Mamdani in 1974. 
Especially, America and Japan have been achieved 
different fuzzy logic applications in many 
commercial and industrial areas (Kosko, 1996). After 
suggesting of fuzzy-set based fuzzy logic concept, 
diverse books have been gained to the literature, 
explaining the concepts of this area and different 
applications (Klir et al., 1995; Jang et al, 1996; 
Sugeno and Kank; 1988). Depending on the particular 
structure of the consequent proposition, three main 
types of fuzzy models are distinguished as: 
 
1. Linguistic fuzzy model (Zadeh, 1973; Mamdani, 

1977) (Mamdani type) 
2. Fuzzy relation model (Pedryez, 1984; Yi and 

Chung, 1993) 
3. Takagi-Sugeno (TS) fuzzy model (Takagi and 

Sugeno, 1985) (Sugeno type) 
 
3.1. Basic Components of A Fuzzy Logic Model 
 
One of the great advantages of fuzzy logic in respect 
of statistical methods is that it does not need too 
many retroactive data. It doesn’t affected from 
extreme-high or extreme-low values in a small data 

set and can use logical-linguistic terms. It is a fitting 
approach due to those reasons.   
 
Forming of a fuzzy logic model consists of 4 steps: 
1. Fuzzification: Fuzzy subsets and numerical 

intervals are described belonging to input and 
output variables and linguistic terms related with 
study are assigned to fuzzy subsets. 

2. Rule definition: Logical rule network is formed 
between input and output variables. Rule base 
are generally formed with IF and THEN logical 
terms 

3. Aggregation: The rules are mathematically 
evaluated and the results of all of the rules 
combined in a process called aggregation. 

4. Defuzzification: The result of each rule is 
digitized by defuzzification mechanism 
regarding membership degree of input variables.       

 
Fuzzification  
The most important point in fuzzy logic approach is 
definition of membership functions. Fuzzification 
could be defined as that fuzzy subsets are formed and 
converted to fuzzy linguistic terms after maximum 
and minimum values are determined for each 
membership function. Definition of membership 
function and determination of fuzzy subsets are a 
severe stage and they require expert opinion. The 
mentioned linguistic terms could be defined such as 
cold-warm, good-bad with respect to analyzed 
concept. These linguistic membership functions 
define the degree µ to which a particular numerical 
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value of a variable fits the concepts expressed by the 
linguistic term. The value of µ range from zero to 
one. Being 1 of membership degree of a value (µ=1) 
perfectly represents of the linguistic concept while 
being 0 (µ=0) expresses that that value is not a part of 
set.  
 
As shown Figure 3, membership degree is 1 (µ=1) 
when X≤30, between 0≤ µ ≤1 when 30≤X≤50, 0 
when X≥50. For example, membership value are 
µ=0.225 and µ=0.675 when X=45. Membership of 
0.225 is in “low”, 0.675 in “medium” and 0.000 in 
“high. Transition from no membership to100% 
membership may take any concave shape. The 
simplest representation is a straight line. If supported 
by data or specific knowledge of subject, then the 
transition of the membership function can be related 
by complex equation.  

 

 
Figure 3. Fuzzy subsets and Membership Function 

 
Rule definition 
The rule base establishes the logical relation between 
membership functions of input and output variables. 
As mentioned in fuzzification stage, developing of 
rule base should be performed by expert of subject 
(Mahabir et al, 2003). A series of IF-THEN 
statements relates the input to the output. Operators 
such as AND can be used to relate the input variables 
to each other to define the result as combination of 
the input variables, the AND operator is 
mathematically applied as an intersection operator by 
either the “minimum” or “product” function. 
Minimum is commonly used when the input data are 
independent of each other, and the product is often 
applied if input variables are interdependent (Fayek, 
2001). These three operators are used in the majority 
of fuzzy logic applications. 
 
AND : µ (AB) = min { µ(A), µ(B) } 
OR : µ (AB) = max { µ(A), µ(B) } 
NOT : µ (A)   = 1- µ(A)   
 
The number of rules, forming the rule base, depends 
on the numbers of input variables of modelled system 
and fuzzy subsets. For example, if the model has 2 
input variables and 5 fuzzy subsets are defined, 25 

(52) rules could be formed. In order to prevent rule 
number from being complex and exaggerating, it 
should be regarded that input variables are the 
variables which perfectly characterizing the model, 
and unnecessary input variables are not a part of 
model. Formed rule base should finely describe the 
relation between input and output variables and the 
rules which are not effective for model should be 
discarded. For instance, a rule could be formed as IF 
loading amount (condition) is “maximum”, IF 
unloading amount (condition) is “maximum”, THEN 
capacity usage (conclusion) is “perfect”.   
Aggregation 
Aggregation is the mechanism which contains group 
of processes providing the single-outlet system by 
combining all of relations formed between input and 
output fuzzy sets in fuzzy rule base. This mechanism 
combines argues of each rule and provides how the 
system will give an output under existing input 
conditions.  
Defuzzification 
Converting of the fuzzy solution set of an output 
variable to single digitized value can be defined as 
defuzzification. This process is inverse of 
fuzzification of values belonging to input variables. 
Five different methods could be applied in the 
defuzzification stage. They are  
 
 Centroid of area (COA) 
 Bisector of area (BOA) 
 Mean of maximum (MOM) 
 Smallest of maximum (SOM) 
 Largest of maximum (LOM) 
 
The centre of area (or centre of gravity) method is 
one of the most common of the defuzzification 
methods and consists of selecting the value 
corresponding to the centre of gravity for the solution 
sets. The bisector method produces a value that will 
split the area of the solution set in half. 
 
IV. PROTOTYPE FUZZY LOGIC MODEL   
 
1.1. Variable Selection 
It was accepted in the model that the most effective 
input parameters were loading and unloading 
variables. Data interval of model consisted of 
performed loading and unloading amounts between 
1963 and 2005 years. Data were firstly evaluated in 
monthly time interval, but more agreeable results 
were obtained from annual time interval. As seen in 
Table 2, standard deviation of data composing input 
variables are high especially for unloading variable. 
This situation, complicating analysis by time series 
(ARMA-ARIMA models)   decreases the reliability 
of developing model.
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Table 2. The Statistical Parameters of Input and Output Data 

 
4.2 Membership Function 
The number, the form and over the full range of 
possible value of membership functions are usually 
formed by expert opinion and experience, statistical 
range and base logical grouping. The maximum and 
minimum values of variables in the model were 
obtained from digitizing of data between 1963 and 
2005 years, taken form Turkish State Railways and 
Mersin Chamber of Shipping. Forming of 
membership functions were achieved by means of 
statistical scattering and expert opinion. Trapezoid 
shaped membership function was firstly tried, but 
gauss shaped membership function was determined as 
the best suitable type for model. The order of fuzzy 
linguistic term was very low, low, medium, high and 
very high for input variables (loading and unloading 
amounts), while very bad, bad, medium, good and 
very good for output variables (capacity), 
consecutively.      
 

   
 
 
4.3 Expert Knowledge Rule Base 
Rule base of model was composed by loading and 
unloading data belonging to 1963 towards 2005 years 
and expert knowledge and experience. Complete rule 
base consisted of 125 rules (5x52). But only 
meaningful rules were determined to avoid too many 
rules complicating the model. Meanwhile, all rules 
had the degree of support of 1.0. So, all of the rules in 
the model contributed to the solution equally. Some 

part of the rule base, formed for model, was shown in 
Table 3. 

 
 

Table 3. Partial Rule Base of The Model 
 

V. TESTING OF THE FUZZY MODEL 
 
5.1. Application of The Fuzzy Model to Data 
In this study, annual capacity of the port was 
consequently determined by individually analyzing of 
loading and unloading data. For instance, loading and 
unloading values belonging to 1981 year was 
analyzed by the model. The values of handled 
commodity amount of the port in 1981 year were 
given in Table 4.  

 

 
Table 4. Summary of The Data Sets Used in The Sample 

 
CoA defuzzification mechanism was used in the 
developed fuzzy model. It was determined that 25 
percentage of formed port capacity, regarding 
handling amount, was used in 1981 year. Data have 
triggered some rules of previously formed rule base 
related with their numerical values. Taking into 
consideration of data in sample, triggered rules in rule 
base and their degrees of support were given in 
Figure 4. Performed rules under their degree of 
support were defuzzicated and capacity usage ratio 
was found as 25% (crisp value).
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Figure 4. Degree of Support of All The Running Rules 
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Three-dimensioned view of the model regarding rule 
base defined for fuzzy model could be seen in Figure 
5. Capacity usage ratio determined by fuzzy model, 
regarding loading and unloading values belonging to 
selected sample data set, could be also seen.     
 

 
Figure 5. 3D System Analysis for Fuzzy Model 

 

 
 
5.2. Discussion of Results 
In fuzzy model, a data set of Mersin Port for 43 years 
was analyzed. As a result of analysis, it was 
determined that port capacity had a rising trend for 
both input parameters (Figure 6). Formed port 
capacity had dramatically fallen between 1975 and 
1979 years. Moreover, port operations had closed to 
stop. The reason of that rapid fall was that Turkey 
had operated Cyprus Peace Operation in 1975 year 
and the operation showed secular and negative effect.  
Similarly, the port had showed a fall trend between 
1990 and 1996 years. Despite the fact that loading 
capacity was about 65%, port had been operated at 
50% of its formed capacity
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Figure 6. Formed Capacity Usage  for 43 years in The Port of Mersin 

 
That stationary period in port capacity resulted from 
Gulf Crisis in 1990 and Gulf War between Iraq and 
28 allied counties, in leadership of United States of 

America, in 1990-1991 years. Despite the fact that 
Turkey was not a member of allied forces, secular 
effects of war and consecutively laid embargoes had 
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negatively affected economy and maritime trade of 
Turkey. The negative effects of the war lightened in 
following 5 years and, rising port investments and 
revision operations provided perfectly usage of 
formed capacity. 
 
CONCLUSION 
 
In this study, a fuzzy model, which determines usage 
ratio of formed capacity of a port regarding its annual 
handling amount, has been developed. The fuzzy 
model has been applied to the handled commodity 
amount of the Mersin Port between 1963 and 2005 
years and, formed capacity of the port was calculated 
in those years.  
 
The model has been developed on the basis that it 
would be revised when formed capacity would 
increase and would be adapted to any port operation. 
Furthermore, the model could determine the required 
handling amount, necessary for reaching to its 
planned capacity, in two ways: loading and 
unloading.   
 
Only evaluating of rising loading and unloading 
amounts from year to year without formed capacity 
couldn’t mean that port has been used effectively. It 
is a necessity that a port should be operated with a 
model which also considers the formed capacity. 
From this aspect, effective usage of formed capacity 
of the Mersin Port hasn’t been achieved in past due to 
economical crisis and wars. The developed fuzzy 
model has great importance owing to the fact that it 
provides effective capacity usage by forming a true 
and trusted relation between formed capacity and 
annual handling amount in port operations.    
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