
Chapter Three 

Fuzzy Controllers 
A fuzzy control system is a control system based on fuzzy logic - a mathematical system 
that analyzes analog input values in terms of logical variables that take on continuous 
values between 0 and 1, in contrast to classical or digital logic, which operates on discrete 
values of either 0 and 1 (true and false). Fuzzy logic has the advantage that the solution to 
the problem can be cast in terms that human operators can understand, so that their 
experience can be used in the design of the controller. This makes it easier to mechanize 
tasks that are already successfully performed by humans. 

3.1 Fuzzy Logic History and Applications 

Fuzzy logic was first proposed by Lotfi A. Zadeh of the University of California at 
Berkeley in a 1965 paper. [12] He elaborated on his ideas in a 1973 paper that introduced 
the concept of "linguistic variables", which in this article equates to a variable defined as 
a fuzzy set. Other research followed, with the first industrial application, a cement kiln 
built in Denmark, coming on line in 1975. 

3.2 Fuzzy Logic In Industrial Automation 

Fuzzy logic has proven well its broad potential in industrial automation applications. In 
this application area, engineers primarily rely on proven concepts. For discrete event 
control, they mostly use ladder logic, a programming language resembling electrical 
wiring schemes and running on programmable logic controllers (PLC). For continuous 
control PID type controllers are mostly employed. 

While PID type controllers do work fine when the process under control is in a stable 
condition, they do not cope well in other cases [10]: 
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The presence of strong disturbances (non-linearity) 
Time-varying parameters of the process (non-linearity) 
Presence of dead times 

The reason for this is that a PID controller assumes the process to behave in a strictly 
linear fashion. While this simplification can be made in a stable condition, strong 
disturbances can push the process operation point far away from the set operating point. 
Here, the linear assumption usually does not work any more. The same happens if a 
process changes its parameters over time. In these cases, the extension or replacement of 
PID controllers with fuzzy controllers has been shown to be more feasible. 

3.3 Multivariable Control 

The real potential of fuzzy logic in industrial automation lies in the straightforward way 
fuzzy logic renders possible the design of multi-variable controllers. In many applications, 
keeping a single process variable constant can be done well using a PID controller. 
However, set values for all these individual control loops are often still set manually by 
operators. The operators analyze the process condition, and tune the set values of the PID 
controllers to optimize the operation. This is called "supervisory control" and mostly 
involves multiple variables. 

PID controllers can only cope with one variable. This usually results in several 
independently operating control loops. These loops are not able to "talk to each other". In 
cases where it is desirable or necessary to exploit interdependencies of physical variables, 
one is forced to set up a complete mathematical model of the process and to derive 
differential equations from it that are necessary for the implementation of a solution. This 
is not practical in many situations. The general observation in industry is that single 
process variables are controlled by simple control models such as PID, while supervisory 
control is done by human operators. Fuzzy logic provides an efficient solution to the 
problem. Fuzzy logic enables design supervisory multi-variable controllers from operator 
experience and experimental results rather than from mathematical models. 

19 

9 1 2 5 0 



3.4 Structure of a Fuzzy Controller 
With fuzzy logic, practical experience which can be described verbally is implemented 
qualitatively or quantitatively, in the form of IF-THEN assignments (fuzzy logic rules). 
The block diagram of a fuzzy logic system is shown below. Several input variables are 
linked with an output variable. In the context of fuzzy logic, we often speak of linguistic 
input and output variables. This is because when fuzzy logic rules are stated, the input 
and output variables are added verbally 

When the structure of a complete fuzzy controller is considered, there are specific 
components characteristic of a fuzzy controller that supports the design procedure. The 
following is a block diagram representation of these components. 

Figure 3.2: Standard Fuzzy Logic Controller. 
3.4.1 Pre-processing 
The inputs from process sensors/transducers have to be first fed to a pre-processor which 
will do the necessary filtering to remove noise, scaling of the inputs, etc. 

3.4.2 Fuzzyfication 
The first block inside the controller is Fuzzyfication and it converts the input data to 
degree of membership by interacting with the membership functions. The Fuzzyfication 
block therefore matches the input data with the conditions of the rules to determine how 
well the condition of each rule matches the particular input at that instance. 
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Membership functions: 
In designing a fuzzy controller, building the membership functions is a first most task to 
be accomplished. There are two specific questions to consider, 

1. How to determine the shape of the membership functions? 
2. How many membership functions are necessary and sufficient? 

According to fuzzy set theory, the choice of shape and width is subjective, but some rules 
of thumb apply. [12] 
• The membership functions should be sufficiently wide to allow for noise in the 

measurements. 
• A certain amount of overlap is desirable; otherwise the controller may run in to 

poorly defined states, where it does not return a well defined output. 

The following is a recommended practice to start with a design [12]. 
• Start with triangular sets. All membership functions for a particular input or 

output should be symmetrical triangles of the same width. The leftmost and the 
rightmost should be shouldered ramps. 

• The overlap should be at least 50%. The width should be initially chosen so that 
each value of the universe is a member of at least two sets, except possibly for the 
elements at the two extreme ends. If on the other hand there is a gap between two 
sets no rules will fire for values in the gap. 

3.4.3 Rule Base 
The rules may use several variables both in the condition and the conclusion of the rules. 
The controllers therefore can be applied for multi input multi output (MIMO) and single 
input single output (SISO) situations. 
Rule formats: A linguistic controller contains the rules in an "IF-THEN" format but they 
can be presented in different formats. 

3.4.4 Inference Engine 
In the fuzzy inference engine, fuzzy logic principles are used to combine the fuzzy "IF-
THEN" rules in the fuzzy rule base into a mapping from a fuzzy set in the input universe 
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to a fiizzy set in the output universe. There are two ways to infer with a set of rules: 
composition based inference and individual-rule based inference, 

Composition Based inference: 
In composition based inference, all rules in the fuzzy rule base are combined into a single 
fuzzy relation, which is then viewed as a single fuzzy "IF-THEN" rule. 

Individual-Rule Based inference: 
In individual-rule based inference, each rule in the fuzzy rule base determines an output 
fuzzy set and the output of the whole fuzzy inference engine is the combination of the 
individual fuzzy sets. The combination can be taken either by union or by intersection. 

3.4.5 Defuzzification 
The resulting fuzzy set must be converted to a number that can be sent to the process as a 
control signal. This operation is called Defuzzification. There are several defuzzification 
methods. 
3.4.6 Post processing 
In case the output is defined on a standard universe, this must be scaled to engineering 
units. The post processing block often contains an output gain that can be tuned. 
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