
Fuzzy relations – fuzzy rules – Defuzzification 

General aspects 

Treating information using fuzzy logic has developed over the past 50 years, this 
mathematical theory being an interesting tool for researchers to solve complex scientific 
and technical problems. In these years, research has always yielded new results in the field 
of advanced fuzzy logic applications. Fuzzy logic has found applications in various sectors of 
human activity, such as, industry, business, finance, medicine, and in many scientific fields 
such as, machine learning, big data technologies, fuzzy control, expert systems, dynamic 
fuzzy neural networks, and others. Fuzzy logic provides a different way of dealing with 
mathematical calculus problems. In the case of fuzzy logic, conventional algorithms are 
replaced by a series of linguistic rules of the If (then) condition (conclusion). Thus, a heuristic 
algorithm is obtained, and human experience can be taken into account in the subject 
matter of the calculation.  

As advantages of fuzzy logic are useful in the calculations, we can list the following: 

• Development of fuzzy controllers without a complex mathematical modelling of the 
problem addressed 

• The possibility of implementing “human linguistic knowledge” on the application 
solved. 

• The possibility of using fuzzy logic for complex, nonlinear, and variable relations 
• The possibility of performing exceptional treatments, that is, changing the 

calculation strategies as a result of a change in the course of application 
• Possibility of using it when making decisions specific to artificial intelligence 
• Interpolation among rules, usable in exceptional treatments to change the scope of 

application 

 

 

 

 



 

 



 

 

 



 

 

 

 

 



 

 

 



 

 

Summary on Defuzzification 

Defuzzification is the process of producing a quantifiable result in Crisp logic, 
given fuzzy sets and corresponding membership degrees. It is the process that 
maps a fuzzy set to a crisp set. It is typically needed in fuzzy control systems. 
These will have a number of rules that transform a number of variables into a 



fuzzy result, that is, the result is described in terms of membership in fuzzy 
sets. For example, rules designed to decide how much pressure to apply might 
result in "Decrease Pressure (15%), Maintain Pressure (34%), Increase Pressure 
(72%)". Defuzzification is interpreting the membership degrees of the fuzzy 
sets into a specific decision or real value. The simplest but least useful 
defuzzification method is to choose the set with the highest membership, in 
this case, "Increase Pressure" since it has a 72% membership, and ignore the 
others, and convert this 72% to some number. The problem with this approach 
is that it loses information. The rules that called for decreasing or maintaining 
pressure might as well have not been there in this case. A common and useful 
defuzzification technique is center of gravity. First, the results of the rules must 
be added together in some way. The most typical fuzzy set membership 
function has the graph of a triangle. Now, if this triangle were to be cut in a 
straight horizontal line somewhere between the top and the bottom, and the 
top portion were to be removed, the remaining portion forms a trapezoid. The 
first step of defuzzification typically "chops off" parts of the graphs to form 
trapezoids (or other shapes if the initial shapes were not triangles). For 
example, if the output has "Decrease Pressure (15%)", then this triangle will be 
cut 15% the way up from the bottom. In the most common technique, all of 
these trapezoids are then superimposed one upon another, forming a single 
geometric shape. Then, the centroid of this shape, called the fuzzy centroid, is 
calculated. The x coordinate of the centroid is the defuzzified value.  
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