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Introduction


Fuzzy logic has rapidly become one of the most successful of today's technologies for developing sophisticated control systems. The reason for which is very simple. Fuzzy logic addresses such applications perfectly as it resembles human decision making with an ability to generate precise solutions from certain or approximate information. While other approaches require accurate equations to model real-world behaviors, fuzzy design can accommodate the ambiguities of real-world in human language and logic. Although genetic algorithms and neural networks can perform just as well as fuzzy logic in many cases , 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 th design of the controller. This makes it easier to mechanize tasks that are already successfully performed by humans. 
 	
 In a broad sense, fuzzy logic refers to fuzzy sets - a set with unsharp boundaries. Examples of fuzzy sets are “hot,” “tall,” “medium,” etc. In a narrow sense, fuzzy logic is a logical system that aims to formalize approximate reasoning .In fuzzy logic a fuzzy symbol can take any truth values from the closed set [0, 1] of real numbers thus generalizing the Boolean truth values.  As the technology was further embraced, fuzzy logic was used in more useful applications.
 	
In 1987, the first fuzzy logic-controlled subway was opened in Sendai in northern Japan. Here, fuzzy-logic controllers make subway journeys more comfortable with smooth braking and acceleration. Best of all, all the driver has to do is push the start button! Fuzzy logic was also put to work in elevators to reduce waiting time. Since then, the applications of Fuzzy Logic technology have virtually exploded, affecting things we use everyday.Take for example, the fuzzy washing machine . A load of clothes in it and press start, and the machine begins to churn, automatically choosing the best cycle. 


The fuzzy microwave, Place chili, potatoes, or etc in a fuzzy microwave and push single button, and it cooks for the right time at the proper temperature. The fuzzy car, manuvers itself  by  following simple verbal instructions from its driver. It can even stop itself when there is an   obstacle immedeately ahead using sensors. But practically the most exciting thing about it, is the simplicity involved in operating it. 
                                                         _____________________

                                Background

The precision of mathematics owes its success in large part to the efforts of Aristotle and the philosophers who preceded him. In their efforts to devise a concise theory of logic, and later mathematics, the so-called "Laws of Thought" were posited . One of these, the "Law of the Excluded Middle," states that every proposition must either be True or False. Even when Parminedes proposed the first version of this law (around 400 B.C.E.) there were strong and immediate objections: for example, Heraclitus proposed that things could be simultaneously True and not True. It was Plato who laid the foundation for what would become fuzzy logic, indicating that there was a third region (beyond True and False) where these opposites "tumbled about." Other, more modern philosophers echoed his sentiments, notably Hegel, Marx, and Engels. But it was Lukasiewicz who first proposed a systematic alternative to the bi-valued logic of Aristotle . 

In the early 1900's, Lukasiewicz described a three-valued logic, along with the mathematics to accompany it. The third value he proposed can best be translated as the term "possible," and he assigned it a numeric value between True and False. Eventually, he proposed an entire notation and axiomatic system from which he hoped to derive modern mathematics. Later, he explored four-valued logics, five-valued logics, and then declared that in principle there was nothing to prevent the derivation of an infinite-valued logic. 


Lukasiewicz felt that three- and infinite-valued logics were the most intriguing, but he ultimately settled on a four-valued logic because it seemed to be the most easily adaptable to Aristotelian logic. 

Knuth proposed a three-valued logic similar to Lukasiewicz's, from which he speculated that mathematics would become even more elegant than in traditional bi-valued logic. His insight, apparently missed by Lukasiewicz, was to use the integral  range [-1, 0 +1] rather than [0, 1, 2]. Nonetheless, this alternative failed to gain acceptance, and has passed into relative obscurity. It was not until relatively recently that the notion of an infinite-valued logic took hold. In 1965 Lotfi A. Zadeh published his seminal work "Fuzzy Sets" which  described the mathematics of fuzzy set theory, and by extension fuzzy logic. This theory proposed making the membership function (or the values False and True) operate over the range of real numbers
 [0.0, 1.0]. New operations for the calculus of logic were proposed, and showed to be in principle at least a generalization of classic logic. It is this theory which we will now discuss. 
______________

What do you mean fuzzy ??!!

Before illustrating the mechanisms which make fuzzy logic machines work, it is important to realize what fuzzy logic actually is. Fuzzy logic is a superset of conventional(Boolean) logic that has been extended to handle the concept of partial truth- truth values between "completely true" and "completely false". As its name suggests, it is the logic underlying modes of reasoning which are approximate rather than exact. The importance of fuzzy logic derives from the fact that most modes of human reasoning and especially common sense reasoning are approximate in nature.




The essential characteristics of fuzzy logic as founded by Zader Lotfi are as follows.
· In fuzzy logic, exact reasoning is viewed as a limiting case of approximate reasoning.   
· In fuzzy logic everything is a matter of degree. 
· Any logical system can be fuzzified 
· In fuzzy logic, knowledge is interpreted as a collection of elastic or, equivalently , fuzzy constraint on a collection of variables .
· Inference is viewed as a process of propagation of elastic constraints.
The third statement hence, define Boolean logic as a subset of Fuzzy logic.
_________________



Fuzzy Sets


Fuzzy Set Theory was formalised by Professor Lofti Zadeh at the University of California in 1965. What Zadeh proposed is very much a paradigm shift that first gained acceptance in the Far East and its successful application has ensured its adoption around the world.  A paradigm is a set of rules and regulations which defines boundaries and tells us what to do to be successful in solving problems within these boundaries. For example the use of transistors instead of vacuum tubes is a paradigm shift - likewise the development of Fuzzy Set Theory from conventional bivalent set theory is a paradigm shift.  Bivalent Set Theory can be somewhat limiting if we wish to describe a 'humanistic' problem mathematically. For example, Fig 1 below illustrates bivalent sets to characterise the temperature of a room. 
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 The most obvious limiting feature of bivalent sets that can be seen clearly from the diagram is that they are mutually exclusive - it is not possible to have membership of more than one set ( opinion would widely vary as to whether 50 degrees Fahrenheit is 'cold' or 'cool' hence the expert knowledge we need to define our system is mathematically at odds with the humanistic world). Clearly, it is not accurate to define a transiton from a quantity such as 'warm' to 'hot' by the application of one degree Fahrenheit of heat. In the real world a smooth (unnoticeable) drift from warm to hot would occur.  This natural phenomenon can be described more accurately by Fuzzy Set Theory. 


Fig.2 below shows how fuzzy sets quantifying the same information can describe this natural drift. 
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The whole concept can be illustrated with this example. Let's talk about people and "youthness". In this case the set S (the universe of discourse) is the set of people. A fuzzy subset YOUNG is also defined, which answers the question "to what degree is person x young?" To each person in the universe of discourse, we have to assign a degree of membership in the fuzzy subset YOUNG. The easiest way to do this is with a membership function based on the person's age. 

young(x) = { 1, if age(x) <= 20,
(30-age(x))/10, if 20 < age(x) <= 30,
0, if age(x) > 30 }

A graph of this looks like: 
[image: I:\ramya seminar\SEMINAR (FUZZY)\New Folder\FUZZY REPORT 3_files\report.2.gif]

Given this definition, here are some example values: 
     Person               Age           degree of youth
--------------       ------------       --------------------
   Johan                        10                  1.00 
  Edwin                       21                  0.90
  Parthiban                  25                  0.50
  Arosha                      26                  0.40
  Chin Wei                  28                  0.20
  Rajkumar                  83                  0.00 

So given this definition, we'd say that the degree of truth of the statement "Parthiban is YOUNG" is 0.50. 

Note: Membership functions almost never have as simple a shape as age(x). They will at least tend to be triangles pointing up, and they can be much more complex than that. Furthermore, membership functions so far is discussed as if they always are based on a single criterion, but this isn't always the case, although it is the most common case. One could, for example, want to have the membership function for YOUNG depend on both a person's age 


and their height (Arosha's short for his age). This is perfectly legitimate, and occasionally used in practice. It's referred to as a two-dimensional membership function.

 It's also possible to have even more criteria, or to have the membership function depend on elements from two completely different universes of discourse. 
____________________

Fuzzy Set Operations.
· Union: 
The membership function of the Union of two fuzzy sets A and B with membership functions [image: ]and [image: I:\ramya seminar\SEMINAR (FUZZY)\New Folder\FUZZY REPORT 3_files\report.memb.gif]respectively is defined as the maximum of the two individual membership functions. This is called   the maximum criterion. 
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The Union operation in Fuzzy set theory is the equivalent of the OR operation in Boolean algebra. 



· Intersection:
The membership function of the Intersection of two fuzzy sets A and B with membership functions [image: ]and [image: I:\ramya seminar\SEMINAR (FUZZY)\New Folder\FUZZY REPORT 3_files\report.memb.gif] respectively is defined as the minimum of the two individual membership functions. This is called the minimum criterion. 
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The Intersection operation in Fuzzy set theory is the equivalent of the AND operation in Boolean algebra. 
· Complement:
The membership function of the Complement of a Fuzzy set A with membership function is defined as the negation of the specified membership function. This is caleed the negation criterion. 
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The Complement operation in Fuzzy set theory is the equivalent of the NOT operation in Boolean algebra. 
The following rules which are common in classical set theory also apply to Fuzzy set theory. 
· De Morgans law:
                              [image: I:\ramya seminar\SEMINAR (FUZZY)\New Folder\FUZZY REPORT 3_files\report.demorga1.gif], 
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·      Associativity:
                                      [image: I:\ramya seminar\SEMINAR (FUZZY)\New Folder\FUZZY REPORT 3_files\report.assoc2.gif]
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·      Commutativity:
                                   [image: I:\ramya seminar\SEMINAR (FUZZY)\New Folder\FUZZY REPORT 3_files\report.commut.gif]



·     Distributivity:
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_________________

Fuzzy Rules

Human beings make descisions based on rules. Although, we may not be aware of it, all the descisions we make are all based on computer like if-then statements. If the weather is fine, then we may decide to go out. If the forecast says the weather will be bad today, but fine tommorow, then we make a descision not to go today, and postpone it till tommorow. Rules associate ideas and relate one event to another.Fuzzy machines, which always tend to mimic the behaviour of man, work the same way. However, the descision and the means of choosing that descision are replaced by fuzzy sets and the rules are replaced by fuzzy rules. Fuzzy rules also operate using a series of if-then statements. For instance, if X then A, if y then b, where A and B are all sets of X and Y. Fuzzy rules define fuzzy patches, which is the key idea in fuzzy logic. 
A machine is made smarter using a concept designed by Bart Kosko called the Fuzzy Approximation Theorem(FAT). The FAT theorem generally states a finite number of patches can cover a curve as seen in the figure below. If the patches are large, then the rules are sloppy. If the patches are small then the rules are fine. 
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· Fuzzy Patches:-
In a fuzzy system this simply means that all our rules can be seen as patches and the input and output of the machine can be associated together using these patches. Graphically, if the rule patches shrink, our fuzzy subset triangles gets narrower. Simple enough? Yes, bcause even novices can build control systems that beat the best math models of control theory. Naturally, it is math-free system. 
_________________

PROGRAMMING THE FUZZY LOGIC

"Fuzzy logic allows a generalization of conventional logic”. It provides for terms between "true" and "false" like "almost true" or "partially false". Therefore, fuzzy logic cannot be directly processed on computers but must be emulated by special code. 
Fuzzy tech provides you with all the tools to design and test a fuzzy logic system. Once designed, fuzzy tech stores your work as an FTL format file. FTL stands for "Fuzzy Technology Language", and can be considered "the programming language of fuzzy logic". Fuzzy Tech provides an all-graphical user interface fuzzy Tech converts this FTL description to code that can be used on your target hardware that is, the hardware where your fuzzy logic solution finally shall run on.

PROCEDURES FOR FUZZY CONTROL

Fuzzy logic makes it possible to express a control system with a set of fuzzy rules. A fuzzy rule is an "IF-THEN" statement of a desired control action using human language variables. An example of a fuzzy rule would be: 
· .    If the temperature is a little above the set point and rising at a medium rate, then increase cooling slightly. 


·     If the temperature is somewhat below the set point, but the present amount of cooling is a lot less than what the normal amount has been, then wait a while to change cooling. 

A set of input data from an array of sensors is fed into the control system. The values of input variables undergo a process termed as "fuzzification," which converts the discrete values into a range of values. Fuzzified inputs are evaluated against a set of production rules. Whichever production rules are selected will generate a set of outputs. Output data are "defuzzified" as distinctive control commands. Fuzzy products use fuzzy systems in their microprocessors. Most applications of fuzzy logic use it as the underlying logic system. A key 

feature of the fuzzy logic controller would be the ability to automatically and smoothly adjust the priorities of a number of controlled variables .Our eventual aim is to achieve a process that is stable for months at a time without the need for a huge machine and fuzzy logic provide part of the solution
_______________

Adaptive Fuzzy Systems
Background
            As of now the "smartness" of our fuzzy machines are dependent on the rules given. The greater the number of rules, the "smarter" the machine gets. However, this means that the performance of the fuzzy machines is restricted by the capabilities of the human brain. Therefore, how do we make the machines think for themselves and come up with rules of its own?  Consider the way the human beings learn. We all learn through experience and through experience we become smarter. Whether, it is the smell of lime, or the picture of our mother, we remember things as it is given to us. With memory, we improve on our actions or thoughts and by defintion become smarter. 

Fuzzy logic can be applied the same way. Instead, of depending on humans to put specifc fuzzy rules to deal with every situation, the machine should be able to produce its own rules through experience. This can be done with the Data In Rules Out(DIRO) method. 

Data In Rule Out
The DIRO method is simple, put data in through a black box and rules come out as shown in the figure below. 
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fig:Data In Rules Out

Nueral networks, which fill the black box is beyond the scope of this article. However, it is important to note that it is neural networks, which acts like the eyes and ears of an adaptive fuzzy system whose rule changes with experience. The adaptive fuzzy system tunes its rules as it samples new data. At first the rules change fast. This lets the fuzzy system find a working set of fuzzy rules. Then with more samples, the rules change and fine tunes itself and as the saying goes practice makes perfect. 
Simple Case Study: An Adaptive Fuzzy Air Conditioner:-
                  As an example, consider an air-conditioner controller, which controls the speed of its motor according the the temperature of the surrounding. Fuzzy subsets and member functions are written for this application in the similar way as before. The two subsets used are the temperature of the surrounding as inputs and speed of the motor as outputs. As usual the two sets overlap to produce fuzzy patches. Because at first, five rules are defined, there are five patches. Each patch will cover data which are represented here as points. Using an expert, we can place logical data points on each patch of the system. The expert adjusts the speed of the motor according to what temperature of the room she or he feels appropriate. 


The nueral nets used in this example are called the adaptive vector quantizers (AVQ) which are suppose to come up with rules by itself. Each web of nueron in the system is defined as AVQ points. As data comes in, the AVQ point tries to move closer to it. The nuerons then "compete" with each other and "wins" if its AVQ point is closest to the data. How the AVQ points move about is again beyond the scope of this report. The whole system can be seen in the figure below. The big black dots represent the AVQ point and the small dots represent the data points. 
[image: I:\ramya seminar\SEMINAR (FUZZY)\New Folder\FUZZY REPORT 6_files\report.adaptive.gif]
fig:Adaptive Fuzzy System

The number of rules taken now, simply depends on the number of AVQ points in the rule cells. If a cell has an AVQ point, the that rule is added add to our list of rules. Some cells which have more than one rule in it, are used more often making them more inportant. Note: It is more feasible usually to have not more than two rules per cell as this cuts down on bad rules. With more data the expert is no longer needed as the system starts generating its own rules. With practise the system may enventually win over the expert. 

This method is just one of the many methods used to generate rules in an adaptive sytem. Thougha simple example was used to illustrate the system, it is important to realize how powerful this system is. In Japan, research is currently being made to use adaptive systems to model events in politics, history, medicine and even military planning. Imagine in the future, we may even have a Fuzzy British Prime Minister !! 



OBJECTIONS

It would be remarkable if a theory as far-reaching as fuzzy systems did not arouse some objections in the professional community. While there have been generic complaints about the "fuzziness" of the process of assigning values to linguistic terms, perhaps the most cogent criticisms come from Haack . A formal logician, Haack argues that there are only two areas in which fuzzy logic could possibly be demonstrated to be "needed," and then maintains that in each case it can be shown that fuzzy logic is not necessary.  The first area Haack defines is that of the nature of Truth and Falsity: if it could be shown, she maintains, that these are fuzzy values and not discrete ones, then a need for fuzzy logic would have been demonstrated. The other area she identifies is that of fuzzy systems' utility: if it could be demonstrated that generalizing classic logic to encompass fuzzy logic would aid in calculations of a given sort, then again a need for fuzzy logic would exist.  In regards to the first statement, Haack argues that True and False are discrete terms. For example, "The sky is blue" is either true or false; any fuzziness to the statement arises from an imprecise definition of terms, not out of the nature of Truth. As far as fuzzy systems' utility is concerned, she maintains that no area of data manipulation is made easier through the introduction of fuzzy calculus; if anything, she says, the calculations become more complex. Therefore, she asserts, fuzzy logic is unnecessary. 



 Fox  has responded to her objections, indicating that there are three areas in which fuzzy logic can be of benefit: as a "requisite" apparatus (to describe real-world relationships which are inherently fuzzy); as a "prescriptive" apparatus (because some data is fuzzy, and therefore requires a fuzzy calculus); and as a "descriptive" apparatus (because some inferencing systems are inherently fuzzy).  His most powerful arguments come, however, from the notion that fuzzy and classic logics need not be seen as competitive, but complementary. He argues that many of Haack's objections stem from a lack of semantic clarity, and that ultimately fuzzy statements may be translatable into phrases which classical logicians would find palatable.  Lastly, Fox argues that despite the objections of classical logicians, fuzzy logic has found its way into the world of practical applications, and has proved very successful there. He maintains, pragmatically, that this is sufficient reason for continuing to develop the field. 
_____________________

 FUZZY LOGIC VS. TRADITIONAL CONTROL SYSTEM TECHNIQUES 

The classical approach to solving process control system design problems involves the use of linear differential equations. The control engineer attempts to write an equation that represents both the characteristics of the system to be controlled and the action of the controlling device being designed. Determining and expressing this equation properly is referred to as "modeling" the system. Solving this equation makes it possible to analyze and predict the behavior of the system under control. However, difficulties sometimes arise with this method. Real-world systems (unlike ideal ones) are difficult to describe with much certainty. Since mathematical equations are precise expressions, systems that exhibit uncertain characteristics (such as the size and shape of the room, the location of heat-producing equipment in the room, the thermal mass of the equipment and room walls, the amount of outside air introduced to the room, etc.) are naturally difficult to model accurately 

with equations. Also, many real world systems have properties that cause their apparent behavior to change in an abrupt or uneven manner (air flow delay and dead times, uneven air flow distribution patterns, duct work layouts, etc.) This type of characteristic is called a non-linearity or discontinuity. A non-linear system usually results in an equation that is very difficult or impossible to express and solve. 
A control system based on fuzzy logic has the following advantages: - 
· It is easy to implement since it uses "if-then" logic instead of sophisticated differential equations. 
· It is understandable by people who do not have process control backgrounds. 
· Software and hardware tools are readily available for applying this technology. 


APPLICATIONS OF FUZZY LOGIC

Fuzzy logic is an innovative technology to design solutions for multi-parameter and non-linear control problems. It uses human experience and experimental results rather than a mathematical model for the definition of a control strategy. As a result, it often delivers solutions faster than conventional control design techniques. Today, fuzzy technology is a multibillion-dollar industry spanning the entire globe, from automatic transmission of car engines to zoom control of hand-held cameras. "The bottom line objective is to develop a robust and intelligent automation system”.Fuzzy logic-unlike classical logic-is tolerant to imprecision, uncertainty, and partial truth. One of the earliest applications of fuzzy logic was the use of this technology to control a steam engine. Another major milestone, which actually started in 1977, was the application of fuzzy logic in the control of cement kilns. Apart from these fuzzy logic is used in several wide ranging fields they are:‑




A. Controlled Nuclear Fusion
Controlled nuclear fusion, a much-needed aspect, may be possible if we use fuzzy logic to control the key features of the fusion process. Nuclear fusion works by taking heavy isotopes of hydrogen (deuterium and tritium) and exposing them to high pressure and temperatures (100 - 200 million degrees centigrade). The fusion reaction produces a helium nucleus, known as an alpha particle, a high- energy neutron and, at the same time, releases energy. Until now physicists have grappled with the problem of controlling the plasma (ionized gas) used in nuclear fusion research using fast computers but even these have difficulty keeping up with controlling each part of the complex fusion processes simultaneously. Fuzzy logic overcomes this by taking a holistic approach to the fusion process, enabling physicists to concentrate on controlling just a few key variables and leaving the fuzzy logic software to 'mind' the rest.

B. Fuzzy Data Analysis in a Medical
shoe
After knee surgery, patients are required to limit the strain on the knee during a long convalescence period. The problem is that humans have no strain sensor to control this. When  pain occurs, the knee already suffers from damage. To solve this problem, we used a tension sensor and a fuzzy logic data analysis system to design a biofeedback shoe inlay. The objective for the fuzzy data analysis system is to estimate the internal strain on the knee from the tension signal. If 80% of the maximum acceptable load is reached, a beep warns the user to take it easy from here. If 90% of the maximum acceptable load is reached, a repeating beep tells the user to not use the leg for a while and if the strain is over the maximum threshold that is set by the doctor, the beep sounds continuously.

C. Fuzzy Logic and Consumer Electronics
Consumer video cameras utilize fuzzy logic for Auto focus and lens motion. Modern 35 lens systems have independent zoom and focus elements. There is no complex gearing to maintain focus over zoom range.

 Now it is done by two independent motors which are controlled by fuzzy logic using a separate microprocessor, referred to as a Lens u-com. Balance is controlled by fuzzy logic too.

D. Logicool
          	
Logicool is the first precision air conditioning system to use fuzzy logic; it includes approximately twenty rules, six variables, and eleven terms, which are continuously evaluated to determine the proper action output. This system samples room conditions and makes decisions about once a second. However, to reduce system "nervousness" and improve stability, it only makes minute adjustments to system output anywhere from once every 30 seconds to once every five minutes, depending upon conditions. Fuzzy logic-based environmental control systems have a variety of significant advantages. For the system operator, room conditions can be kept at their programmed set points, rather than some proportional amount away from the set point depending on system load. The control is very stable, which prevents system hunting.  The frequency of cooling output changes are minimized, which can substantially improve the system's energy efficiency.  Fewer on-and-off cycles for compressors and other equipment means less component wear, for greater system reliability and lower maintenance requirements .The use of microprocessor-based fuzzy logic control systems also opens the door for additional options that may be particularly valuable in telecommunications switching gear environments. For example, the LogiCool system's microprocessor maintains a watch over room conditions and activates an alarm in the event of any deviation. If the system is to be located in an unmanned or remote location, the unit can be equipped with a communications card that will automatically dial a pre-programmed number, allowing a distant operator to assess the situation and take whatever action is necessary to correct it. 




D. Truck Speed Limiter Control by Fuzzy Logic

In Europe, commercial trucks in compliance with European legislation, which have a maximum load of more than 12 tons, are required to be equipped with a speed limiter that limits their maximum speed to 53.3 mph (86 km/h). The electro-pneumatic design of such a speed limiter was proposed. In this design, a pneumatic cylinder mechanically limits the throttle opening angle of the fuel pump arm. The cylinder pressure is controlled by a pulse proportional electromechanical valve. This valve is connected to an electronic control unit that uses a microcontroller to drive the valve according to the actual speed of the truck. The design of an algorithm for this control problem proved to be difficult, since the same speed limiter device is used in a variety of different trucks which exhibit different behaviors. In addition to this, the dynamic behavior of a truck differs very much depending on whether it is fully loaded or empty. Conventional control algorithms, such as PID controls, assume a linear model of the process under control and can hence not be used for a solution. A solution using a mathematical Model of the truck is first laborious to build and second of prohibitive computational effort for a low-    cost 8-bit micro controller. Hence, fuzzy logic control was used to design the control algorithm.                                                                                    

Fuzzy logic is also used in the in Braking systems, Linear and Nonlinear Control, Pattern Recognition, Financial Systems, Operation Research, Data Analysis, Can also manage information systems, In microwave ovens, In many household products and car systems, Fuzzy control of the subway system, In washing machines.In addition to all these, fuzzy logic is also used in various engineering fields. Besides temperature controls, fuzzy logic has been implemented or proposed for many other processes in food technology, namely aseptic processing; diagnosis of principle causes of breakage during drying; determination of key ingredients for new products; evaluation of the "doneness" of beef steak; intelligent irrigation; automated feeding systems; and so on.
___________________

FUTURE OF FUZZY LOGIC

	Just from the examples given previously, it is clear that fuzzy logic can be used in numerous applications. It can appear almost anyplace where computers and modern control theory are overly precise as well as in tasks requiring delicate human intuition and experience-based knowledge. What does the future hold? Consider, the example below which is currently undergoing intensive research in OMRON Research Center, Japan.
	


It may seem obvious that babies nowadays don't drink the way it is described in child care books. They may drink a little or a lot depending on their physical condition, mood, and other factors. But if a fuzzy-logic program can be created that would recommend how much to feed the baby, mothers would have an easier time raising the child. The basis of the research is to develop a program to determine the appropriate amount of milk to feed the child according to a knowledge base that includes the child's personality, physical condition, and some environmental factors. This can prevent the child from being fed unnecessarily. Now although adapting fuzzy logic to babies may seem silly, one can easily imagine using it to control the feeding of animals in captivity, for instance. 
Wanna see more. Well, here are some of the future fuzzy uses as predicted by Professor Bart Kosko from UC Southern California: 
· Vast expert decision makers , theoretically able to distill the wisdom of every document ever witten.
· Computers that understand and respond to normal human language.
· Molecule-sized soldiers of health that will roam the blood-stream, killing cancer cells and slowing the aging process. 
Hence, it can be seen that with the enormous reseach currently being done in Japan and many other countries whose eyes have opened, the future of fuzzy logic is undetermined. There is no limit to where it can go.  The future is bright. The future is fuzzy. 





CONCLUSION



Although the number of fuzzy logic-based precision environmental control systems available is still small, their control stability, reliability, efficiency, and durability are bound to make them increasingly popular, particularly for applications such as digital switching sites where the cost of system failure is unacceptable. For these applications, the use of such systems will likely be very common within the next five years. Fuzzy systems, including fuzzy logic and fuzzy set theory, provide a rich and meaningful addition to standard logic. The mathematics generated by these theories is consistent, and fuzzy logic may be a generalization of classic logic. The applications which may be generated from or adapted to fuzzy logic are wide-ranging, and provide the opportunity for modeling of conditions which are inherently imprecisely defined, despite the concerns of classical logicians. Many systems may be modeled, simulated, and even replicated with the help of fuzzy systems, not the least of which is human reasoning itself.
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Fig. 1 : Bivalent Sets to Characterize the Temp. of a room.
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