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Abstract

       Conventional quantitative techniques of system analysis are unsuited for dealing with humanistic system “the fuzzy logic has been developed to provide soft information processing algorithms. And utilize imprecise data. It allows variables to be partial membership of a particle set and uses generalization of the conventional Boolean logical operator to manipulate this information. By allowing partial membership of a set, it is possible the smooth transition from one rule to another as the input is varied smoothly, which is a very desirable property in modeling and control applications. In contrast conventional expert systems reason using hard, crisp rule that are unable to represent a smooth input – output transformation.Fuzzy logic widely used in intelligent control reason about vague rules which describe the relationship between imprecise, linguistic assessment of the system's input and output states. These production rule are generally natural language representation of human's (or expert's) Knowledge, and provide an easily understood knowledge representation scheme for explaining information learnt by a computer.
الخلاصة
    التقنيات الكمية التقليدية لتحليل الانظمة غير مناسبة للتعامل مع النظام الانساني لذلك المنطق الضبابي طور لتوفير خوارزميات معالجة البيانات ويستعمل بيانات غير دقيقة ويسمح للمتغيرات لكي تكون عضواً جزئياً لمجموعة دقيقة وتستخدم المشغل المنطقي العام لمعالجة هذه المعلومات وذلك بالسماح للمجموعة الجزئية بالانتقال من قاعدة الى اخرىكالمدخل المتغير الذي يكون ذات خاصية مرغوبة جداً بالتخطيط وتطبيقات السيطرة .على النقيض من ذلك فأن الانظمة الخبيرةالتقليدية تفكر بأستخدام القواعد الصلبة والهشة التي  غير قادرة على تحويل المدخل والمخرج.المنطق الضبابي كثير الاستعمال في السيطرة النوعية للقواعد الغامضة او المبهمة التي تصف العلاقة بين التقييم اللغوي الغير دقيق لحالات الادخال والاخراج للانظمة.قواعد الانتاج هذه تمثل بشكل عام معرفة الخبير(اللغة الطبيعية للخبير) ويوفر مخطط تمثيل مفهوم المعرفة بسهولة لشرح المعلومات التي يمكن تعلمها بواسطة الحاسوب. في هذا البحث كونت برنامج للسيطرة على درجة حرارة الغرفة وذلك باستخدام دوال (Gaussian ). حيث يجب معرفة درجة الحرارة المطلوب الوصول اليها والبرنامج يعطينا افضل وقت للوصول الى درجة الحرارة المطلوبة   والخطأ والتغيير بالخطأ ل  (1 Microsecond)    يحسب اعتماداً على الوقت المستهلك للوصول الى حالة الاستقرار    .وقد نفذت البرنامج بواسطة فيجوال بيسك(6).

Introduction
It is well known that conventional control system design methods assume an analytical model of the process to be controlled. This involved making basic supposition about the behavior of the plant within the expected range of operating conditions. However, for many processes it is difficult, if not impassible, to obtain such model. Design based upon an ill-defined model can result in a performance that is significantly different that predicated by the theory. In case like these, industry has solved the problem by banding the process over to expert operators. They control the system based on their experiences. However, this solution has May disadvantages different operators may have different control strategies, or the same operator may very his routine because of factor external of his work. Sum control strategies may not be optimal and the quality of the production obtained differs. Among the few available approach that do not required mathematical models, the fuzzy logic controller methods is characterized by it use of incorporation of human experience   . Fuzzy logic firmly grounded in mathematical theory. Fuzzy logic is combined with multi- valued logic, probability theory, artificial intelligence and neural networks, it is a digital control methodology that simulates human thinking by incorporating the imprecision inherent in all physical system(Adlassnig, 2004).
For this reason, during the past several years, fuzzy logic has found numerous applications in a wide variety of consumer products and industrial system. One of these applications is fuzzy logic control system
A review of previous work. 

Mamdani and Assilian implemented the first fuzzy logic controller in control for an experimental setup in 1975. Mamdani applied the fuzzy logic approach to control a steam engine. This method is chiefly applicable in the control of the plants that are difficult to model, such as those in the cement, chemicals or iron and steel industries. Where a lot of research work has been done on the application of fuzzy logic controllers to the control of cement kilns.(Mamdani, 2000)
Kickert and lemke applied three types of fuzzy controllers to control the temperature of warm water plant, and compared the result with normal PI controller. They used continuous type of membership function to describe the fuzzy sets (Lotifi, 1999).

Application of fuzzy logic control.

      A lot of work was done in the applications to fuzzy logic controllers in different fields: the water heating process, traffic junction , boiler and steam and  steam engine , robot system, servo system , self-tunings rule-based for gasoline refinery catalytic reformer, automatic train operation system, welding industrial process, temperature control of a process trainer and other many applications reported in.(Jan, 1998).
General advantages of fuzzy logic control.
1. It is known that fuzzy control is able to deal with human knowledge, therefore a precise mathematical model of the plant & their projects are not required for designing the controller.

2-.Designing the fuzzy controller is the same as transferring human expert control skills with linguistic rule.
3. Fuzzy logic control system arc designed to deal with situation where the available sources of Information   are inaccurate, subjectively interpreted, uncertain, imprecise or vague.

4. The   rules arc not specific to given model. for example, the rule matrix for the simple linear system can be used successfully for non –linear System.
5. It is useful to control a complex and non - linear dynamic plant. 

6. The   fuzzy logic works will tandem with other techniques such as neural networks and expert system.

7. It is possible to turn a fuzzy controller on- line by modifying weaker and bad rules that give rise to unacceptable action. This approach of Control it called "self- organizing control.
8. Fuzzy controller is   suitable for real lime applications. Recently, some fuzzy logic chip where designed   to speed up the whole process. The include the fuzzy MAX and MIN operations, membership function Generators and the difuzzifier chip. (Lotfi, 2001).
Importance of the work.

     The main of this paper is produces anew program to controlling on the temperature in any room by proved the demonstrate that the fuzzy logic control can by use effectively for control of the dynamical system.
Fuzzy set in Control. 
[image: image1.wmf]Ì

      In fuzzy control, there are usually four kinds of fuzzy sets that are dealt with, namely "increasing, "decreasing , and two kinds of "approximating notion these kinds of "approximating" fuzzy set are called (convex) and in fuzzy set theory.( Non –convex) fuzzy set that are alternatively increasing and decreasing on the domain figures. Show a convex and non convex (Rebecca, 2001).

(Fig.1)   convex fuzzy set theory
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(Fig.2) non convex

fuzzy set theory

In fuzzy control theory, it is usual no deal only with convex fuzzy sets. A fuzzy set is called convex if is membership function dose not contain "dips", this mean that the membership function is, for example, increasing decreasing, or bell - shaped.
Increasing fuzzy sets are used to represent linguistic notion like "tall',   "fat,   and   "old"   on the domains of light (m) weight (Kg),
temperature (c°) and age ({0, 1,…………., 120}) respectively. Examples of
decreasing notion on these domains are short, "thin", 'cold" and young, Examples of approximating notion on these domains are often difficult to in one to express in one word.

    On the domain of temperature it may be "comfortable'', on domain of age it may be ' middle - aged'.

For example, suppose one washes to build an air conditioner, then there may be the following linguistic notion which describe the temperature to be controlled (hot, cold and comfortable)
Furthermore, in an air - conditioning system, there can be the approximating notion cool and warm. These five fuzzy sets can be Given in on figure, as in (fig.3)(Rebecca, 2001).
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(Fig. 3)   the whole domain
The linguistic notions are meaning-depending on the actual physical domain for example the domain of temperature. In fuzzy control it is usual to use linguistic notion that are meaning - independent of the particular physical domain.

The domain described previously for the temperature consists of five elements Consider now, 1 domain consisting of seven elements which is usual in fuzzy control. The elements of the domain have names like "positive Big" (PB), ''positive medium" (PM) ''Positive Small” (PS) “zero" (ZO), "Negative Small" (NS), “negative Medium" (NM), “Negative Big” (NB) the domain used, is the domain of real number between - L. and L (where L is any real number). This is a frequently used “standard Domain". If the domain. Used is the real interval [-1.1]. Then we have the SO -called normalized domain.
It is usual to have function with straight line instead of function with curves as shown in the temperature domain. The result of this is shown in (fig. 4)(Rebecca, 2001).
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(Fig. 4) The fuzzy sets NB,NM,NS,ZO,PS,PM,Pb
Fuzzy logic system:
      Recently, fuzzy control has become a popular research in the control engineering. the fuzzy logic controller has mad itself- available not only in the laboratory work but also in industrial applications, such as the kiln control and the servo hydraulic cylinder position control, the controller can be regarded as a set of heuristic decision values drived from the experience operator.

Design of a fuzzy controller is based on trail - and observation procedures and there is still on analytical tool to analyze the stability of the fuzzy control system.

Fig (5) shows the basic configuration of fuzzy logic system, which consist of four principle components:

· The fuzzy rule base.

· The fuzzy inference engine

· The fuzzier.
     <    The defuzzifier.
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(Fig.5)  Fuzzy logic system
Fuzzy rule base
It consists of a collection of fuzzy If-then rule in the following form:

 If XI is Fij and GJ are fuzzy sets in UI 
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  R, respectively, and
X =   (X1, X2,….. Xn)T  
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   V are linguistic
Variables *. Let M the number of fuzzy if-then rules in the fuzzy rule
base; and j = 1, 2,……….., M.

     X and Y are input and output to the fuzzy logic system respectively. The fuzzy rule base is the heart of the fuzzy logic system in the sense that all other three components are used to interpret these rules and make them usable for a specific problem.(Linguistic variable):  if variable can take words in natural language as Its value, this variable defined as a linguistic variable.
A linguistic variable differs from a numerical variable in that its values are not numbers but word or sentences in a natural or artificial language. Since words, in general, are less precise than numbers, the concept of a linguistic variable serves the purpose of providing a means of approximate characterization of phenomena which arc conventional quantitative terms. Such as a linguistic variable are introduced example of air - conditioner .which meaning on the actual physical domain linguistic variable may be meaning independent on the actual physical domain such as (Negative Big) “NB", (Positive Small) 'BS". Which are introduced in the same part(Buckley & Tucker, 1995).
Fuzzy inference Engine
In fuzzy inference engine, fuzzy logic principle arc used to combine the   fuzzy   IF - THEN rules   in the fuzzy rule base into a mapping from
Fuzzy set in U=Ul x --
xUn", to fuzzy in V. (Zadeh, 1998)
Fuzzifier
It measures the values of input variable. Performs a scale mapping that transfers the range of value of input variables into corresponding universe of discourse, then performs the function of fuzzification that input data into suitable linguistic values. (Graham, 2000).

Defuzzifier:
It performs a mapping from fuzzy set in V to a crisp point Y
[image: image5.wmf]Î

 V by applying one of the defuzzification method.(Graham, 2000).
Fuzzy Control Algorithm:    

Figure (6) shows the block diagram of the fuzzy controller in a closed loop system.(Adlassnig, 2004).
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Fig. (6) fuzzy logic controller in a closed loop system.

The Algorithm

1-Chose suitable scaled universe of discourse U:

-L ≤ e (K),  ce (K) ≤ L
Where
L and-L represents the upper and lower limits of U
E (K) and ce represent, respectively the error and it’s of change at

time K:
E (K) = desired value Yd (K) – measured output Ym(K)
ce (K) = instant error   e (K) - previous error e (K -1)

2- The simplest linguistic qualification chosen for e, ce and U are five
               qualification of the form.
Negative Big (NB),
· Negative Small (NS).

· Zero (Z).
· Positive Big (PB).
· Positive Small (PS).

Figure (3) shows the will known shapes of the membership function for above five qualifications which are used for this research. This kind of membership function is called - Gaussian membership function; table (1) shows the mathematical characterization of function.(Forgy, 2002)
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(Fig. 7) membership function with five qualifications

Table (1) mathematical characterization of Gaussian membership function.(Lotfi, 1999)
We can easily tune this function by varying the parameters of the function which is: "C" the center of the function, “CL” the left saturation point, “CR” the right saturation point “σ" this parameter used to vary the shape of the function.

3- Deduction ruled combine the error and change of error fuzzy sets with the appropriate control action set. Where, as shown in (table (2, a fuzzy rule takes the form of: IF < situation >THEN < action >

 e.g.
IF (ZE AND PBC) THEN (PUS)
It means that if the error is zero find the change of error is positive Big, then the control action is positive small.  These rules are obtained by using   background   information    from e\pen:'£ experience and control engineering knowledge. See table (2)

	ERROR

	Change

Of error
	
	NBE
	NSE
	ZE
	PSE
	PBE

	
	PBC
	ZU
	PUS
	PUB
	PUB
	PUB

	
	PSC
	NUS
	ZU
	PUS
	PUB
	PUB

	
	ZC
	NUB
	NUS
	ZU
	PUS
	PUB

	
	NSC
	NUB
	NUS
	NUS
	ZU
	PUS

	
	NBC
	NUB
	NUB
	NUS
	NUS
	ZU


Table (2) decision table

4-calculate the scalar   value of the control action u. the following steps can be used
a) The input values (e, ce) are multiplied by suitable scale factor to transform them in to the desired range.

b) For the error (E), the change of error (CE) defines the fuzzy subsets with  their   discrete membership functions.

c) The   degree-of- fulfillment (DOF) of each rule is determined buy ANDing the subset of e and those of CE. Subset is a set that is satisfying the relation as shown below: Let A be a fuzzy set with membership function µA(u)then there is a fuzzy subsets B such as B Є  A if µA(u) ≤(u) for all u Є U.  d) The resultant control action vector of each rule is obtained by ANDing the   DOF   of that   rule   with   the fuzzy   set of the corresponding control action.
e) The   net   control   action   vector   is   obtained by Oring all the individual control action vector of each fired rule.

f) The net control action vector is then transformed to scalar value by  applying a diffuzification strategy.
g) The resultant crisp u is then multiplied by a scale factor for    normalization.

  Now we can define the membership matrix table for the error (E),
   Change of error (CE), and control action (U).
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Now let range of the error for 3 given system (Temperature for example) e from -5 to +5 and the same range for change error and the control action.
For example if we have e (K) =-1.5 and c (K) = 2 then the following steps are used to find the control action.

                      a. Multiply each of e (K) and c (K) by scale factor which is here equal ten  to transform them to the desired range.

                             e (K) =-1.5* 10=-15

                                c (K) = 2* 10 = 20

       b. Define the fuzzy subsets with their discrete membership functions for  (E) & (CE).
So those memberships

NBE=0, NSE=0.75, ZE=0.25, PSE=0, PBE=0
NBC=0, NSC=0, ZC=0, PSC=l, PBC=0
       c. Find degree of fulfillment (DOF) for Bach rule by implementation of the if   part of all fuzzy rules by ANDing the membership of both (E) & (CE).
      Referring to table (3.2) the fuzzy rules will be read as:-
    Rule 1: if NBE and PSC=0∩l=0=DOF1
      Rule 2: if NSE and PSC =0.75 ∩ 1= 0.75 = DOF2
     Rule 3: if ZE and PSC=0.25∩1 = 0.25=DOF3
      Rule 4: if PSE and PSC =0 ∩ 1 = 0 = DOF4
                         Rule 5: if PBE and PSC =0∩1 =0= DOF5
Since the fuzzy membership of this state change of error (CE) is equal (0) for NBC, NSC, ZC, PBC, Hence DOF6 ...DOF25 will equal to (0).

d- Calculate the control   action vector of each rule by ANDing the DOF of that rule with corresponding control action (after THFN part). For the above five rule the control action vector for each rule is

     Rule 1: DOF1∩ (NUS 21 elements) = control action vector 1.
       Rule2:DOF2∩ (ZU 2l elements) =control action vector 2.
      Rule3:DOF3∩ (PUS 21 elements) = control action vector 3.

       Rule 4: DOF4∩ (  PUS 21 elements) = control action vector 4.

        Rule 5: DOf 5∩ (PUB 21 elements) = control action vector 5.
           CAV 1= 0 ∩ (0, 0, 0, 0.25, 0.5, 0. 75, 1, 0.75, 0.5. 0.25,0, 0, 0, 0, 0, 0, 0, 0, 0, 0) 
                             = (0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0).         
           CAV 2= 0.25 ∩ (0, 0, 0, 0, 0, 0, 0, 0.25, 0.5, 0.75, 1, 0.75, 0, 5, 0.25, 0, 0. 0, 0, 0,0, 0)

                             = (0, 0, 0, 0, 0, 0, 0, 0.25, 0.25, 0.25, 0.25, 0.25, 0.25, 0.25, 0.25, 0, 0, 0).                                        
         CAV 3= 0, 25∩ (0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0.25, 0.5, 0.75, 1, 0.75, 0.5, 0.25, 0, 0, 0)
               = (0, 0, 0, (0, 0, 0, 0, 0, 0, 0, 0, 0.25, 0.25, 0 25, 0.25, 0.25.0.25. 0.25,0, 0, 0)

         CAV 4= 0 ∩ (0, 0, 0, 0. 0, 0, 0, 0, 0, 0, 0, 0.25, 0.5, 0.75, 1, 0.75, 0.5, 0.25, 0, 0, 0)
                        = (0, 0, 0. 0, (0, 0. 0, 0, 0, 0, 0, 0, 0, 0, 0, 0. 0, 0, 0. 0, 0)

         CAV 5=0 ∩( 0,0,0, 0,0,0, 0,0, 0,0, 0,0, 0,0, 0.25, 0.5, 0. 75, 1,1 1) 

       =                    ( 0, 0, 0, 0, 0, 0, 0, 0,0, 0, 0, 0, 0, 0, 0, 0, 0,0,0,0,0,0)

              And other control action   vector CAV6   ...CAV25 is zero because     there   DOF are zero. [12]

Representation the Response:
This section. having a special form, and the input to the form, are regarded as temperature, being preferable to the user temperatures are being controlled via the vertical scroll, existed inside the form.

This section of the research has the possibility to give the drawing, concerning the response of the temperature, being spread in the building before applying the fuzzy logic in the control   process of this temperature, (see Fig. 8),
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Fig. (8) The response of temperature
The process of drawing and giving the from response, is done through a mathematical equation, that is particular to give the curve from as in the previous cited Figure.

But the response can be represented with the flowing equation.

Y=Y+A*(B*U-C*Y-D*X)

X=X+ (A*Y)

U=K*(R-X)
Where as

K= a variable, represented the representing the amplitude    where
(0<=k<=20)
R=a variable representing the temperature. where (0<=R<= 20) 

H= a variable, give the concave of the carve where (0<=H<= 5)
C&D= two variables, control on the bending amount, in the curve
, where (0<=C&D<=3).
When insertion of the temperature value, by the applies, the system    gives and draw the response to that temperature. Therefore, the response represents the amplitude that occurs in the temperature, since  origination from zero value till reaching to the certain temperature, with an existence   of a small error percentage or none.
The system gives the values and temperature, being reached to the response, during the process of amplitude, in each (1 microsecond) of time till the temperature is stabilized, as in  fig. (8).
After wards, the error and change of error for (l micro second), is to be calculated, concerning the spent time of the response to reach the stable state, and the error, is being calculate! Via; the following mathematical equations
Ei =R-N
Where as,
R: a variable, represent the chosen temperature, where (0 <-R=^10)

 N: a variable, represents the temperature, being reached so the response in that time. 

Ei: current error amount. 
The change of error will be calculated by the following mathematical equation: Eci=Ei – E-1 Where as.
Eci: change amount in the error values.

 Ei: current error amount. 

Ei-1: previous error amount.

Accordingly, from the calculation of all the error and change of error per (1 micro second), these values to be used in the calculation process through in serration the error and change of error to the procedure of the fuzzy logic, in which the calculation is done by mathematical equations and sets and being cited in above. The control action represents the value, that temperature is (1 micro second) to reach lo a quick response to the previous specified temperature. The process of (output) of the do to, is performed through a table, to be applied in demonstration the error, change of error and the control calculation, regarding all (micro second), as in fig.) 9)

(Fig.9) the t able of (E, CH, C AV)

So the process of drawing and there spouse, has a high elasticity, where as we can be able to give any color, we might selected from the set of colors to color the response, as well as for coloring each micro second, being reached to by the response, as in fig. (10).

(Fig.10) the change of error[image: image15.png]Quantified levels
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Fuzzy Logic:
     In this section, the error and any change of error, is being give, and will be determined   without extracting the error and change of error from a certain response.
The sets being represented, which are available in this application, through some curves, called  as the Gaussian membership function, can be drawn, through the following equation:-

Y=e-k (Y- X)2

X=X+H

K=   a   variable,   represents,   the   curve   concave   amount,   which

H= a variable, represents the bending amount in the curve, which is 

(1 >=H>O).
Thus, it is possible to control. The error and change of error, via (two scroll). Range between [5, -5], become there values will be multiplied in a certain a limited scale, amounted as: (10), 
Therefore the available temperatures will be ranging from (50,-50) there values will be Inserted in the fuzzy logic to tract the amount of the contraction.
 The error and change of error are represented by straight lines, being drawn in side the Gaussian membership function, to represent these two values, as in fig. (11). 
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Fig. (11) Gaussian membership function, Error, Change of error

This system has the characteristic of elasticity in the coloring process, where as the colors of the error, change of error and the Gaussian membership function, can be changed, through a certain table, for all the available colors [as in fig. (11)].
Suggestion

1.
The fuzzy logic is being inserted in many application, in which the Values arc unstable, there, many types of the response curves, should be utilized, in order to be entered in wider applications and domains, and the system will be more elastic and integrated.
2.
Increasing the temperature values for more then available limit in this research which means the increase of the domain and range of the temperatures.

3.
Using many   mathematical   methods to represent the membership function curves, in order there will be no Limitation in applying the Gaussian. Only.
4.
Utilizing many   amount to the membership, instead of ones in this  Systems, which are specified with the values (0, 0.25, 0.75, 1) you make  the system more efficient.

Conclusion

1. To draw the response must be know the value of temperature.

2-The response it drawing by applied the arithmetic equation which by gives this arithmetic equation the value of temperature.

3. The error and change of error for (1 Microsecond), is to be    calculated concerning the spent time of the response to reach the stable state.

4. According, from the calculation of all the error and Change of error per (1 Microsecond (, these values to be used in the calculate the Control  Action. 

5. The  Control    Action   represents   the   value. that temperature is (1 Microsecond) for each to a quick response to the previous specified temperature.
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