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Fuzzy Logic Applications 

Defining Fuzzy Sets Mathematically  

    Fuzzy sets were first proposed by Lofti A. Zadeh in his 1965 paper entitled none other than: 

Fuzzy Sets. This paper laid the foundation for all fuzzy logic that followed by mathematically 

defining fuzzy sets and their properties. The definition of a fuzzy set then, from Zadeh's paper is: 

    Let X be a space of points, with a generic element of X denoted by 

x. Thus X = {x}. 

 

    A fuzzy set A in X is characterized by a membership function 

fA(x) which associates with each point in X a real number in the 

interval [0,1], with the values of fA(x) at x representing the "grade of 

membership" of x in A. Thus, the nearer the value of fA(x) to unity, 

the higher the grade of membership of x in A. 

                                                                from Fuzzy Sets, by Lofti A. Zadeh  

    This definition of a fuzzy set is like a superset of the definition of a set in the ordinary sense of 

the term. The grades of membership of 0 and 1 correspond to the two possibilities of truth and 

false in an ordinary set 

Defining Fuzzy Operations  

    Traditional Bivalent logic uses the boolean operators AND, OR, and NOT to perform the 

intersect, union and complement operations. These operators work well for bivalent sets and can 

be essentially defined using the following truth table: 

x y x AND y x OR y NOT x  

0 0 0 0 1 

0 1 0 1 1 

1 0 0 1 0 

1 1 1 1 0 

    The truth table above works fine for bivalent logic but fuzzy logic does not have a finite set of 

possibilities for each input; this makes for an infinitely large truth table. The operators need to be 

defined as functions for all possible fuzzy values, that is, all real numbers from 0 to 1 inclusive. 

Fuzzy logic is actually a superset of bivalent logic since it includes the bivalent options (0,1) as 

well as all reals in between, so a generalized form of these operators will be usefull. The 

generalized form for these three operators are: 

x AND y min(x,y) 

x OR y max(x,y) 

NOT x 1 - x 

    Using these definitions they can be applied to all of the bivalent combinations above as well as 

some fuzzy number combinations. The truth table for this can be seen below: 

x y min(x,y) max(x,y) 1 - x 

0 0 0 0 1 
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0 1 0 1 1 

1 0 0 1 0 

1 1 1 1 0 

0.2 0.5 0.2 0.5 0.8 

0.7 0.2 0.2 0.7 0.3 

0.6 0.6 0.6 0.6 0.4 

 
Making Fuzzy Decisions  

    Most decisions that people make are logical decisions, they look at the situation and make a 

decision based on the situation. The generalized form of such a decision is called a generalized 

modus ponens, which is in the form: 

If P, then Q. 

P. 

Therefore, Q. 

    This form of logical reasoning is fairly strict, Q can only be if P. Fuzzy logic loosens this 

strictness by saying that Q can mostly be if P is mostly or: 

If P, then Q. 

mostly P. 

Therefore, mostly Q. 

    Where P and Q are now fuzzy numbers. The reasoning above requires a set of rules to be 

defined. These rules are linguistic rules to relate different fuzzy sets and numbers. The general 

form of these rules are: "if x is A then y is B," where x and y are fuzzy numbers in the fuzzy sets 

A and B respectively. These fuzzy sets are defined by membership functions. There can be any 

number of input and output membership functions for the same input as well, depending on the 

number of rules in the system. For example, a system could have membership functions that 

represent slow, medium, and fast as inputs. 

    The linguistic rules are used to define the relation between the input and the output, but how 

exactly are the output fuzzy values determined? There are several ways to determine the answer 

based on the inputs, mainly the Mamdani, Larsen, Takagi-Sugeno-Kang, and Tsukamoto 

inference and aggregation methods. Firstly, we must describe the basic general set of rules, they 

will bet a set of rules that have one input in a fuzzy set and one output in a fuzzy set: 

If x is Ai then y is Bi, i=1,2,...n 

Applications: 

  Almost any control system can be replaced with a fuzzy logic based control system. This may be overkill 

in many places however it simplifies the design of many more complicated cases. So fuzzy logic is not 

the answer to everything, it must be used when appropriate to provide better control. If a simple closed 

loop or PID controller works fine then there is no need for a fuzzy controller. There are many cases when 

tuning a PID controller or designing a control system for a complicated system is overwhelming, this is 

where fuzzy logic gets its chance to shine. 

The most tangible applications of fuzzy logic control have appeared commercial appliances. Specifically, 

but not limited to heating ventillation and air conditioning (HVAC) systems. These systems use fuzzy 

logic thermostats to control the heating and cooling, this saves energy by making the system more 

efficient. It also keeps the temperature more steady than a traditional thermostat 

  Another signifigant area of application of fuzzy control is in industrial automation. Fuzzy logic based 

PLCs have been developed by companies like Moeller. These PLCs, as well as other implementations of 

fuzzy logic, can be used to control any number of industrial processes 

http://www.moeller.co.uk/ta_fuzzy_plc.htm
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Fuzzy logic also finds applications in many other systems. For example, the MASSIVE 3D animation 

system for generating crowds uses fuzzy logic for artificial intelligence. This program was used extensivly 

in the making of the Lord of the Rings trilogy as well as The Lion, The Witch and the Wardrobe films. 

As a final example of fuzzy logic, it can be used in areas other than simply control. Fuzzy logic can be 

used in any decision making process such as signal processing or data analysis. An example of this is a 

fuzzy logic system that analyzes a power system and diagnoses any harmonic disturbance issues. The 

system analyzes the fundamental voltage, as well as third, fifth and seventh harmonics as well as the 

temperature to determine if there is cause for concern in the operation of the system. A complete 

explanation of this project can be found in this paper: Harmonic Distortion Diagnostic using Fuzzy Logic 

There is more to fuzzy logic than some interesting math, it has some impressive applications in 

engineering. The main application of fuzzy logic in engineering is in the area of control systems. 

The definition of a control system, given by Richard Dorf in Modern Control Systems is: "An 

interconnection of components forming a system configuration that will provide a desired 

response." This means that a control system needs to know the desired response (input) and it 

needs to process this input and attempt to acheive it. The general control system can then be 

summarized with the following diagram: 

 

    The process is the system that is being controlled and cannot typically be changed. The 

controller then, must take the input and also take measurements from the process and use this 

information to generate the appropriate input to the process. A basic example of a controller 

would be a summing point that will provide the difference between input and output to the 

process, whereas a more advanced controller would be a PID controller. A fuzzy logic based 

controller will use fuzzy membership functions and inference rules to determine the appropriate 

process input. Designing a fuzzy controller is a more intuitive approach to controller design since 

it uses a comprehendable linguistic rule base.  

    A fuzzy controller can be broken down into three main processes. The first of these is the 

fuzzification, this uses defined membership functions to process the inputs and to fuzzify them. 

These fuzzified inputs are then used in the second part, the rule-based inference system. This 

system uses previously defined linguistic rules to generate a fuzzy response. The fuzzy response 

is then defuzzified in the final process: defuzzification. This process will provide a real number 

as an output. 

POWER SYSTEM SECURITY 
The Power System needs to be operationally secure, i.e. with minimal probability of 
blackout and equipment damage. An important component of power system security is  
the system’s ability to withstand the effects of contingencies. A contingency is basically  
an outage of a generator, transformer and or line, and its effects are monitored with  
specified security limits. The power system operation is said to be normal when the 
power flows and the bus voltages are within acceptable limits despite changes in load or  
available generation. From this perspective, security is the probability of a power  
system’s operating point remaining in a viable state of operation. 
 
System security can be broken down into TWO major functions that are carried out in 
an operations control centre: 
(i)Security assessment and 
 (ii) security control.  
The former gives the security level of the system operating state. The latter determines 
the appropriate security constrained scheduling required to optimally attaining the target  
security level. Before going into the static security level of a power system, let us 
analyse the different operating states of a power system. 
 
The states of power system are classified into FIVE states: 
Normal 

http://www.massivesoftware.com/what_massive.html
https://www.calvin.edu/~pribeiro/othrlnks/Fuzzy/pictures/fuzzy_paper.pdf
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Alert 
Emergency 
Extreme Emergency and 
Restorative. 
 
 
The operation of a power system is usually in a normal state. Voltages and the  
frequency  of the system are within the normal range and no equipment is overloaded in 
this state. The system can also maintain stability during disturbances considered in the 
power system planning. 
 
The security of the power system is  described by Thermal, voltage and stability limits. 
The system can also withstand any single contingency without violating any of the limits. 
 
 The system transits into the emergency state if a disturbance occurs  when the system 
is in the alert state. Many system variables are out of normal range or  equipment 
loading exceeds short-term ratings in this state. The system is still complete. 
 
Emergency control actions, more powerful than the control actions related to alert state,  
can restore the system to alert state. The emergency control actions include fault 
clearing, excitation control, fast valving, generation tripping, generation run back-up, 
HVDC modulation, load curtailment, blocking of on-load tap changer of distribution 
system transformers and rescheduling of line flows at critical lines. 
 
The extreme emergency state  is a result of the occurrence of an extreme disturbance 
or action of incorrect of ineffective emergency control actions. 
 The power system is in a state where cascading outages and shutdown of a major part 
of power system might happen. The system is in unstable state. 
 
The control actions needed in this state must be really powerful. Usually load shedding 
of the most unimportant loads and separation of the system into small independent 
parts are required. 
 
Overview of Security Analysis 
 
• Thousands of outages may have to be studied before they occur 
 
• A Security Analysis procedure run at an Energy Control Centre must be very fast 
 
• Three Techniques commonly used – 
 
-Study the Power System with Approximate but fast Algorithms (DC Power Flow  
Methods, Linear Sensitivity factors) 
– Select only important cases for detailed Analysis (Contingency Selection) 
–Use Multiple Processors or Vector Processors: running 
cases in parallel (Still in research stage) 
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Power system harmonics are integer multiples of the fundamental power system frequency. Power system 

harmonics are created by non-linear devices connected to the power system. High levels of power system harmonics 

can create voltage distortion and power quality problems. 

Harmonics in power systems result in increased heating in the equipment and conductors, misfiring in variable speed 

drives, and torque pulsations in motors. 

A pure sinusoidal voltage is a conceptual quantity produced by an ideal AC generator built with finely distributed 

stator and field windings that operate in a uniform magnetic field. Since neither the winding distribution nor the 

magnetic field are uniform in a working AC machine, voltage waveform distortions are created, and the voltage-

time relationship deviates from the pure sine function. The distortion at the point of generation is very small (about 

1% to 2%), but nonetheless it exists. Because this is a deviation from a pure sine wave, the deviation is in the form 

of a periodic function, and by definition, the voltage distortion contains harmonics. 

When a sinusoidal voltage is applied to a certain type of load, the current drawn by the load is determined by the 

voltage and impedance and follows the voltage waveform. These loads are referred to as linear loads; examples of 

linear loads are resistive heaters, incandescent lamps, and constant speed induction and synchronous motors. 

In contrast, some loads cause the current to vary disproportionately with the voltage during each cyclic period. 

These are classified as nonlinear loads, and the current taken by them has a nonsinusoidal waveform. 
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When there is significant impedance in the path from the power source to a nonlinear load, these current distortions 

will also produce distortions in the voltage waveform at the load. However, in most cases where the power delivery 

system is functioning correctly under normal conditions, the voltage distortions will be quite small and can usually 

be ignored. 

Waveform distortion can be mathematically analysed to show that it is equivalent to superimposing additional 

frequency components onto a pure sinewave. These frequencies are harmonics (integer multiples) of the 

fundamental frequency, and can sometimes propagate outwards from nonlinear loads, causing problems elsewhere 

on the power system. 

The classic example of a non-linear load is a rectifier with a capacitor input filter, where the rectifier diode only 

allows current to pass to the load during the time that the applied voltage exceeds the voltage stored in the capacitor, 

which might be a relatively small portion of the incoming voltage cycle. 

Typical cases that require multiphase harmonic analysis are: 

 

Utilization system harmonic analysis. Sample utilization systems are utility secondary distribution systems, 

commercial building distribution systems, and aircraft power systems. These systems may contain many single- 

phase harmonic sources. The networks are unbalanced aswell. Sample needs of harmonic analysis are the 

assessment of harmonic currents in neutral conductors, the evaluation of harmonic mitigation devices and the 

derating of supply transformers 

 

Distribution system harmonic analysis. Most utility distribution systems are unbalanced in both network 

structures and connected loads. Even if the harmonic sources of interest are three-phase, unbalanced harmonic 

analysis is often required. The main interest of such analysis includes the determination of harmonic resonance 

conditions, the assessment of harmonic-telephone interference, and the verification of customer power quality levels 

 

Analysis of harmonic problems in balanced systems. For balanced systems, the majority of harmonic related 

problems can be investigated using the one-phase based methods. However, cases do arise that need unbalanced 

analysis. These typically relate to the generation of unbalanced harmonic currents from specific loads or operating 

conditions. 

  

Special Cases. The nature of some harmonic caused problems may warrant multiphase harmonic analysis. For 

example, residual (zero sequence) harmonic currents which are of primary concern for telephone interference need 

to be determined using such analysis. The generation of non-characteristic harmonics is another example 

 

 

Harmonics of different order form the following sequence set: 

Positive sequence: 1, 4, 7, 10, 13, ... 

Negative sequence: 2, 5, 8, 11, 14, ... 

Zero sequence: 3, 6, 9, 12, 15, ... (called triplen) 

 

The positive sequence system has phase order R, S, T (a, b, c) and 

negative sequence system has phase order R, T, S (a, c, b). In the zero 

sequence system the three phases have an equal phase angle 

 

Sources of harmonic distortion 

Non-linear equipment or components in the power system cause distortion of the current and to a lesser extent of the 

voltage. These sources of distortion can be divided in three groups: 

Loads the power system it self (HVDC, SVC, transformers, etc) the generation stage (synchronous generators) 

Subdivision can also be made regarding the connection at different 

voltage levels. In general, loads can be considered connected at lower voltage levels, the power system exists at all 

voltage levels and the generation stage at low and medium voltage levels. 

The dominating distortion-producing group, globally, are the loads. At some locations HVDC-links, SVC’s, arc 

furnaces and wind turbines contributes more than the other sources. The generation stage can, during some special 

conditions, contribute to some voltage distortion at high voltage transmission level. 

The characteristic behavior of non-linear loads is that they draw a distorted current waveform even though the 

supply voltage is sinusoidal. Most equipment only produces odd harmonics but some devices have a fluctuating 

power consumption, from half cycle to half cycle or shorter, which then generates odd, even and inter harmonic 

currents. The current distortion, for each device, changes due to the consumption of active power, background 

voltage distortion and 

changes in the source impedance 
 


