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ABSTRACT

Fuzzy Logic has played a pivotal part in this age of rapid technological development .In this paper we have elaborated on the automation process used in a washing machine. This paper has focused on the two subsystems of the washing machine namely the sensor mechanism and the controller unit. It also discuss on the use of singletons for fuzzy sets. This paper also highlights the use of a fuzzy controller to give the correct wash time. The use of fuzzy controller has the advantage of managing time, increasing equipment effiency and diagnosing malfunctions.

1.INTRODUCTION:


Classical feedback control theory has been the basis for the development of simple automatic control systems .It is easily comprehensible principle and relatively simple implementation has been the main reason for its wide applications in industry. Such fixed-gain feedback controllers are insufficient, however to compensate for parameter variations in the plant as well as to adapt to changes in the environment. The need to overcome such problems and to have a controller well-tuned not just for one operating point for a whole range of operating points has motivated the idea of an adaptive controller.

HOW DOES FUZZY LOGIC WORK?


In order to illustrate some basic concepts in fuzzy logic consider a simplified example of a thermostat controlling a heater fan illustrated in fig.1.The room temperature detected through a sensor is input to a controller which outputs a control force to adjust the heater fan speed.


    




(fig.1)


A conventional thermostat works like an ON/OFF switch (fig.2). If we set it at 78F then the heater is activated only when the temperature falls below 75F.When it reaches 81F the heater is turned off .As a result the desired room temperature is either too warm or too hot.


A fuzzy thermostat works in shades of gray where the temperature is treated as a series of overlapping ranges .For example, 78F is 60% warm and 20% hot .The controller is programmed with simple if-then rules that tell the heater fan how fast to run. As a result, when the temperature changes the fan speed will continuously adjust to keep the temperature at desired level. Our first step in designing such a fuzzy controller is to characterize the range of values for the input and output variables of the controller. Then we assign labels such as cool for the temperature and high for the fan speed, and we write a set of simple English-like rules to control the system. Inside the controller all temperature regulating actions will be based on how the current room temperature falls into these ranges and the rules describing the system behavior .The controller’s output will vary continuously to adjust the fan speed.


The temperature controller described above can be defined in four simple rules:



If temperature is COLD then fan speed is HIGH


If temperature is COOL then fan speed is MEDIUM


If temperature is WARM then fan speed is LOW


If temperature is HOT then fan speed is ZERO






(fig.2)


Here the linguistic variables cool, warm, high, etc. are labels, which refer to the set of overlapping values shown in fig.2. These triangular shaped values are called membership functions.



A fuzzy controller works similar to a conventional system: it accepts an input value, performs some calculations and generates an output value. This process is called the fuzzy inference process and works in three steps illustrated in fig.3.



(a) Fuzzification where a crisp input is translated into a fuzzy value.



(b) Rule evaluation, where the fuzzy output truth-value is computed



(c) Defuzzification where the
fuzzy output is translated into a crisp value.


During the fuzzification step the crisp temperature value of 78F is input and translated into fuzzy truth-values. For this example, 78F is fuzzified into warm with truth-value 0.6(or60%) and hot with truth-value 0.2 (or 20%).


During the rule evaluation step the entire set of rules is evaluated and some rules may fire up .For 78F only the last two of the four rules will fire. Specifically, using rule three the fan speed will be low with degree of truth 0.6. Similarly, using rule four the fan speed will be zero with degree of truth 0.2.


During the defuzzification step the 60% low and 20% zero labels are combined using a calculation method called the center of gravity (COG) in order to produce the crisp output value of 13.5 rpm for the fan speed. Usually there are three methods of defuzzification is possible. They are 

                                     (1) Single then method 

                                     (2) Min-max method

                                     (3) Centroid method

In case of simple then method decision will be mostly based on approximate value. In case of min-max method it is an average between maximum and minimum values. Whereas in case of centroid method perfect center is taken as a crisp value.

 3.WASHING MACHINE:

When you use a washing machine, you generally select the length of wash time based on the amount of clothes you wish to wash and the type and degree of dirt you have. To automate this process, we use sensors to detect these parameters (i.e. volume of clothes, degreeand type of dirt). The wash time is then determined from this data. Unfortunately, there is no easy way to formulate a precise mathematical relationship between volume of clothes and dirt and the length of wash time required. Consequently, this problem has remained unsolved until very recently. People simply set wash times by hand from personal trial and error experience. Washing machines were not as automatic as they could be. To build a more fully automatic washing machine with self-determining wash times, we are going to focus on two subsystems of the machine.

(1) The sensor mechanism and 

                        (2) The controller unit.

The sensor system provides external input signal into the machine from which decisions can be made. It is the controller’s responsibility to make the decisions and to signal the outside world by some form of output. Because the input/output relationship is not clear, the design of a washing machine controller has not in the past lent itself to traditional methods of control design. We address this design problem using fuzzy logic and FIDE.

4.FUZZY CONTROLLER

Objective:

Design a washing machine controller, which gives the correct wash time even though a precise model of the input/output relationship is not available.

Input/Output of controller:

Figure 1 shows a diagram of the fuzzy logic controller. There are two inputs:(1) one for the degree of dirt on the clothes and (2) one for the type of dirt on the clothes. These two inputs can be obtained from a single optical sensor. The degree of dirt is determined by the transparency of the wash water. The dirtier the clothes, the lower the transparency for a fixed amount of water. On the other hand, the type of dirt is determined from the saturation time, the time it takes to reach saturation. Saturation is the point at which the change in water transparency is close to zero (below a given number). Greasy clothes, for example, take longer for water transparency to reach saturation because grease is less water-soluble than other forms of dirt. Thus a fairly straightforward sensor system can provide the necessary inputs for our fuzzy controller.

Figure 1 fuzzy controller 






(FIG.4)

Definition of Input/Output Variables:

Before designing the controller, we must determine the range of possible values for the input and output variables. These are the membership functions used to translate real world values to fuzzy values and back. Figure 2 shows the labels of input and output variables and their associated member functions. Values for the input variables dirtiness and type of dirt are normalized (range of 0 to 100) over the domain of optical sensor values. Note that wash time membership functions are singletons (crisp numbers) in this example. We can use fuzzy sets or singletons for output variables. Singletons are simpler than fuzzy sets. They need less memory space and works faster. If we are not satisfied by the results when singletons give output values we could change them into fuzzy sets. Remember that when we use TVFI method for inference we can only use singletons as values of outputs. We should use Mandani’s values for inference if we want to define output values as fuzzy sets.

Figure 2a Labels and Membership Functions of Input Variable

dirtiness

Figure 2b Labels and Membership Functions of Input Variable

type_of_dirt




5.RULES:


The decision-making capabilities of a fuzzy controller are codified in a set of rules .In general; the rules are intuitive and easy to understand, since they are qualitative statements written in English like if-then sentences. Rules for our washing machine controller are derived from common sense, data taken from typical home use and experimentation in a controlled environment. A typical intuitive rule is as follows:


If saturation time is long and transparency is bad, then wash time should be long. From different combinations of these and other conditions, we write the rules necessary to build our washing machine controller.

FIU source code

FIU stands for Fuzzy Inference Unit. This is the fundamental unit in which FIDE encodes controller information. The FIU includes input and output variable definition and the rules of the application. The following is a listing of the FIU source for a possible washing machine fuzzy logic controller. Figure 3 shows the response surface of the input-output relation as determined by this FIU.

6.COMMENTS:

Amore fully automatic washing machine is straightforward to design using fuzzy logic technology .Moreover ,the design process mimics human intuition , which adds to the ease of development and future maintainence.Although this particular example controls only the wash time of a washing machine ,the design process can be extended without undue complications to other control variables such as water level and spin speed.

$ CONTROLLER for Washing Machine Two inputs,one output,open-loop control 

$ INPUT(S):           dirtness _of_clothes ,type_of_dirt

$ OUTPUT(S):        wash time

$ FIU HEADER 

fiu  tvfi (min max) *8;

$ DEFINITION OF INPUT VARIABLE(S)

invar dirtness_of _clothes “degree”:0()100[

    Large (@50,0,@100, 1),

    Medium(@0,0,@50, 1,@100, 0),

Small(@0, 1, @50, 0)

];

$ DEFINITION OF OUTPUT VARIABLE(S)

outvar wash_time “minute”:0()60 *(

       Very long =60,

        Long =40,

        Medium =20,

);

$ RULES

if dirtness_of_clothes  is Large and type_of_dirt is Greasy  then wash_time is Very Long;

if ditrness_of_clothes  is Medium and type_of_dirt is Greasy then wash_time is Long;

if dirtness_of_clothes is Small and type_of_dirt is Greasy  then wash_time is Long;

if dirtness_of_clothes is Large and type_of_dirtb  is Medium  then wash_time is Long ;

if dirtness_of_clothes is Medium and type_of_dirt is Medium then wash_time is Medium

if dirtness_of_clothes is Small and type_of_dirt is Medium  then wash_time is Medium;

if dirtness_of_clothes is Large and type_of_dirt is NotGreasy then wash_time is Medium;

if dirtness_of_clothes is Medium and type_of_dirt is NotGreasy then wash_time is Short;

if dirtness_of_clothes is Small and type_of_dirt is NotGreasy then wash_time is V.Short;

end

 7.CONCLUSION:

Fuzzy logic is a powerful problem-solving methodology with a myriad of application in embedded control and information processing. Fuzzy provides a remarkable simple way to draw definite conclusions from vague, ambiguous or imprecise information. In a sense, fuzzy logic resembles human decision making with its ability to work from approximate data and find precise solutions. Fuzzy Logic has been gaining increasing acceptance during the past few years. There are over two thousand commercially available products using Fuzzy Logic, ranging from washing machines to high speed trains. Several manufacturers in the automotive industry are using fuzzy technology to improve quality and reduce development time. In aerospace, fuzzy enables very complex real time problems to be tackled using a simple approach. In consumer electronics, fuzzy improves time to market and helps reduce costs. In manufacturing , fuzzy is proven to be invaluable in increasing equipment efficiency and diagnosing malfunctions. Thus we can see that fuzzy plays an important role in the present world in various fields.
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