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ABSTRACT 

In industry same technological processes are characterized by unpredictable and 

hard formulized factors, uncertainty and fuzziness of information. In this situation 

deterministic models is not enough adequately describe those processes and at the 

results control on their base begin difficult. In these conditions it is advisable to use 

fuzzy technology, which provide independency of the model to disturbance and 

adequacy of the model. 

The aim of thesis is the development of the fuzzy control system for 

technological processes. To solve this problem the structure and operation principle of 

fuzzy control system are considered. Different fuzzy processing mechanisms are 

analyzed. 

The development of fuzzy control system is performed. The one of main 

problem in synthesis of fuzzy system is the development fuzzy knowledge base. The 

synthesis of the fuzzy knowledge base for PD-like fuzzy controller is carried out. 

Processing mechanisms of fuzzy rules are described. By using max-min fuzzy 

processing of Zade the inference mechanism of fuzzy system is realized. 

The fuzzy controller for control temperature of heater is modeled. 

The simulation and obtained results satisfy the efficiency of application of fuzzy 

technology to industry. 
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INTRODUCTION 

Presently large class of industrial processes is characterized with non-linearity, 

time-variance, the overlapped presence of various disturbance and so on. As a result, it 

is difficult to develop sufficiently adequate models of these processes and, 

consequently, to design a control system using traditional methods of the control theory, 

even if sophisticated mathematical models are applied. 

At the same time it is surprising that a skilled human-expert successfully 

performs his duties due to a great amount of a qualitative information which he uses 

intuitively while elaborating a control strategy. Usually, he keeps in mind this 

information in the form of linguistic rules, which make up an intrinsic control 

algorithm. Furthermore, a human operator often is able to aggregate a great amount of 

quantitative information, to extract most essential peculiarities and interconnections as 

well as to define the most important qualitative control indices. 

Fuzzy set theory was found to be a very effective mathematical tool for dealing 

with the modeling and control aspects of complex industrial and not industrial processes 

as an alternative to other, much more sophisticated mathematical models. Further, the 

latter circumstance led to the appearance at the beginning of the 1970's of fuzzy logic 

computer controllers which became a powerfully tool for coping with the complexity 

and uncertainty with which we are faced in many real-world problems of industrial 

process control. The first investigations in this field had to answer the question: Is it 

possible to realize a process controller which deals like a man with the involved 

linguistic information? The results of these inquires led to the design of the first fuzzy 

control systems which implemented in hardware and software a linguistic control 

algorithm. Such a control algorithm was then formulated by a control engineer on the 

base of the interviews with human experts who currently work as process operators. The 

most simple fuzzy feedback control systems contain a fuzzy logic controller (FLC) in 

the form of a table of linguistic rules, or fuzzy relation matrix and input-output 

interfaces. 

Fuzzy logic has been successfully applied to many of industrial spheres, in 

robotics, in complex decision making and diagnostic system, for data compression, in 

TV and others. Fuzzy sets can be used as a universal approximator, that is very 

important for modeling unknown objects. Fuzzy technology has such characteristics as 
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interpretability, transparency, plausibility, graduality, modeling, reasoning, imprecision 

tolerance. 

In the thesis the development of fuzzy system for technological processes control is 

considered. The thesis consist of introduction, 4 chapters and conclusion. 

Chapter 1 describes the architecture of fuzzy systems for technological 

processes control. The structure of fuzzy systems, the functions of its main blocks are 

described. The structures of PD-like fuzzy controller are described. 

Chapter 2 presents the operations in fuzzy system. The description of linguistic 

rules, their characteristics, fuzzy rules firing, different types of fuzzy processing 

mechanisms are given. The representation of max-min processing of Zade is described. 

Chapter 3 describes the development of fuzzy system for technological process 

control. Using fuzzy desired time response characteristic of the system, fuzzy model of 

the technological processes the synthesis of fuzzy control system is performed. 

Chapter 4 describes the simulation of the fuzzy system to control temperature of 

heater. The results of simulation of PD-like fuzzy control system are described. The 

efficiency of its application is analyzed. 

Conclusion presents the obtained important results and contributions in the 

thesis. 
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CHAPTER ONE: ARCHiTECTURE OF FUZZY CONTROLLER 

1.1 Structure Of General Fuzzy System 

There are specific components characteristic of a fuzzy controller to support a 

design procedure, in the block diagram in Figl.1, the controller is between a 

preprocessing block and a post-processing block. The following explains the diagram 
block by block. 

Input signals entering to the preprocessing unit after scaling and performing some 

operation are enter to the fuzzification block. On the output of fuzzification block the 

fuzzy values of input signals are determined. Inference engine using these fuzzy input 

signal and rule base block made decision. Obtained output signals after defuzzification 

are entered to the postprocessing unit , where the scaling of the output signal is carried 
out. 

Fuzzy 001,troller 
,---------------. 
I I 
I ~u!e Prepro. Fuzz!- base I _ I Oefuzz.1. 

__...., oessln9 fle:atlon ~ ffcatlon 
· Infer&~ 

engine 

PostprQ­ 
Ce$Sin9 

--------------- 
Figure 1.1. Blocks of a fuzzy controller 

1.2 Structure of PD-Like Fuzzy controller 

The most simple fuzzy feedback control systems contain a fuzzy logic controller 

(FLC) in the form of a table of linguistic rules ( or fuzzy relations matrix) and input­ 

output interfaces. A linguistic rule consists of one or more premises and one or more 
consequences, f .i. in the form: 

IF (premises:a and b and c ... ) hold 

THEN( consequences:x and y and z ... ) hold too. 

3 



A controller (see Fig.1.2)presents and informationloop with: 

-an input signal gas an advising set-point(for example, a quality control); 

-a comparatorwhich checks, if the emitted process output x is the correct reaction to the 

set-point g,and which emits himself an error signal e as an input to the decision element 

TLR,in order to report him,how much the process output x deviatesfrom the preset 

value of g; 

-a decision element TLR which emits for each value of e an output u which, on his side, 

becomes an input to a process with output x to be controlled. 

A fuzzy logic controller is a synthesis of both, a controller's loop and a set of 

linguistic rules which are the content of the decision elementof the controller. The 

purpose of the input interface is to convert the non-fuzzy signals of error,either 

derivative( e'")or sum error( or both) into those input fuzzy sets which serve as premises 

in the correspondent linguistic rule of the FLC. The output fuzzy set( or the consequent 

of the linguistic rule)is converted by the output interface to the non-fuzzy control 

actionwhich is transferred to the input of an indistrial process. 

1 2 3 

__r-1 ldfu,y~ 4 1 
rela:ti.on U I Arg 
matrix 

/1El(ILR) 1 

Process y 

Fig.1.2 A structure of a fuzzy controller 

The transient performance demonstrated by these controllers as well as the noise 

immunity and robustness were essentially better then that of usual PID (Proportional, 

Integral, Differential) controllers. At the same time,the practical use of fuzzy control 

systems revealed the following problems: 

a.there is not yet a satisfactory approach to the construction of input-output interfaces 

being sufficientlysupported by logical evidence; 
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b.there is no definitive agreement about how to proceed with an incomplete table of 

linguistic rule(TLR).Thus, no actualrule in the TLR can be applied to a concrete 

decision case,if the features of parameters p of this caseappear nowhere in the TLR as 

premises. Then, a new consequent c, as the missing term of a new rule r(p,c )must be 

introduced(this is done,for instance,by interviewing the human process operator). On 

the other hand ,the broadened TLR demands an expensivestudy of the processand does 

not guarantee a desirable transient performance of the system in the case of a time 

variant process. 

Moreover , the efficiency of fuzzy systems deoends on the competence of the 

experts interviewed during the Knowladge elicitation process. Therefore , a wide 

application of single-loop fuzzy control systems is restiricted, because of their inability 

to cope with complex decision cases. 

1.3 Fuzzy Analysis 

1.3.lFuzzy Analysis 

To specify rules for the rule-base, the expert will use a "linguistic description"; hence, 

linguistic expressions are needed for the inputs and outputs and the characteristics of the inputs 

and outputs. We will use "linguistic variables" ( constant symbolic descriptions of what are in 

general time- 

varying quantities) to descnbe fuzzy system inputs and outputs. For our fuzzy system, linguistic 

variables denoted by u, are used to descnbe the inputs u, . Similarly linguistic variables denoted 

by Yi are used to descnbe outputs Yi· For instance , an input to the fuzz system may be yz = 

''voltage in." 

1.3.2 Linguistic Values 

Just as u ; and y i take on values over each universe of discourse U; and :It, respectively, 

linguistic variables u, and Yi take on "linguistic values" that are used to describe characteristics 

of the variables. Let A ji denote the j th linguistic value of the linguistic variable u, defined 
over the universe of discourse U;. If we assume that there exist many linguistic values defined 

over U; , then the linguistic variable u, takes on the elements from the set of linguistic values 

denoted by 
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( sometimes for convenience we will let the J indices take on negative integer values, as in the 

inverted pendulum example where we used the linguistic-numeric values). Similarly, let B I j 

denote the j th linguistic value of 

the linguistic variable Yi defined over the universe of discourse Yi.The linguistic variable Yi 

takes on elements from the set of linguistic values denoted by 

( sometimes for convenience we will let the p indices take on negative integer values). Linguistic 

values are generally descriptive terms such as "positive large," "zero," and "negative big" (i.e., 

adjectives). For example, if we assume that ui denotes the linguistic variable "speed," then we 

may assign A\ == "slow," A21 == "medium," and A31 == "fast" so that u1 has a value from 

1.3.3 Linguistic Rules 

The mapping of the inputs to the outputs for a fuzzy system is in part characterized by a 

set of condition ~ action rules, or in modus ponens (If- Then) form, 

H premise Then consequent. (2.3) 

Usually, the inputs of the fuzzy system are associated with the premise, and the outputs 

are associated with the consequent. These If -Then rules can be represented in many forms. Two 

standard forms, multi-input multi-output (MIMO) and multi-input single-output (MISO), are 

considered here. The MISO form of a linguistic rule is 

if u, is A1i and u2 is A/ and, ..... , and Un is A1n Then Yq is BP q (2.4) 

It is an entire set of linguistic rules of this form that the expert specifies on how to 

control the system. Note that if ur "velocity error" and A1j= "positive large," then" U1 is 

A/' a single term in the premise of the rule, means "velocity error is positive large." It can be 

easily shown that the MIMO form for a rule (i.e., one with consequents that have terms 

associated with each of the fuzzy controller outputs) can be decomposed into a number of MISO 

rules using simple rules from logic. For instance, the MIMO rule with n inputs and m==2 outputs 

6 



• 
If u 1 is A1j and u2 is A/ and, ... , and Un is in Then Y1 is Bir and Y2 is 

B/ is linguistically (logically) equivalent to the two rules 
If · j d · k d d · A1Th · Br U 1 IS A 1 an U2 IS A2 an , , an Un IS n, en Y 1 IS 1 

If u 1 is Al and U2 is At and, , and Un is An1, Then Y2 is B2s 

This is the case since the logical "and" in the consequent of the MIMO rule is still 

represented in the two MISO rules since we still assert that both the first "and" second rule are 

valid. For implementation, we would specify two fuzzy systems, one with output Y1 and the 

other with output y2. The logical "and" in the consequent of the MIMO rule is still represented 

in the MISO case since by implementing two fuzzy systems we are asserting that ones set of 

rules is true "and" another it true. 

We assume that there are a total of R rules in the rule-base numbered 1, 2 ... R, and we 

naturally assume that the rules in the rule-base are distinct (i.e., there are no two rules with 

exactly the same premises and consequents); however, this does not in general need to be the 

case. For simplicity we will use tuples 

(j,k, ... ,I ;p,q)i 

to denote the ith MISO rule of the form given in Equation (2.4). Any of the terms associated 

with any of the inputs for any MISO rule can be included or omitted. For instance, suppose a 

fuzzy system has two inputs and one output with ui = "position," u: = "velocity," and yt = 

"force." Moreover, suppose each input is characterized by two linguistic values A/ = "small" 

and A2i = "large" for i = 1,2. Suppose further that the output is characterized by two 

linguistic values B11 = "negative" and B / = "positive." A valid If -Then rule could be 

If position is large Then force is positive 

even though it does not follow the format of a MISO rule given above. In this case, one 

premise term (linguistic variable) has been omitted from the If-Then rule. We see that we 

allow for the case where the expert does not use all the linguistic terms ( and hence the fuzzy sets 

that characterize them) to state some rules.6 

'Finally, we note that- if all tbe premise tel1115 are used in every rule and a rule is formed for 

each possible combination of premise elements, then there are 

n TI Ni = NI * N2 * .... * Nn 
i=l 
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rules in the rule-base, For example, if n = 2 inputs and we have N = 11 rrembership functions on 

each universe of discourse, then there are 1 lxl l = 121 possible rules. Clearly, in this case the 

number of rules increases exponentially with an increase in the number of fuzzy controller inputs 

or membership :functions. 
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CHAPTETR TWO: OPERATiON OF FUZZY CONTROLLER 

2.1 Preprocessing 

The inputs are most often hard or crisp measurements from some measuring 

equipment, rather than linguistic. A preprocessor, the first block in Fig. 4, conditions the 

measurements before they enter the controller Examples of preprocessing are: 

• Quantisation in connection with sampling or rounding to integers; 

• normalisation or scaling onto a particular, standard range; 

• filtering in order to remove noise; 

• averaging to obtain long term or short term tendencies; 

• a combination of several measurements to obtain key indicators; and 

• differentiation and integration or their discrete equivalences. 

A quantiser is necessary to convert the incoming values in order to find the best 

level in a discrete universe. Assume, for instance, that the variable error has the value 

4. 5, but the universe is : 

u = (-5, -4, .. ,0, .. ,4,5). The quantiser rounds to 5 to fit it to the nearest level. Quantisation 
is a means to reduce data, but if the quantisation is too coarse the controller may 

oscillate around the reference or even become unstable. 

Nonlinear scaling is an option (Fig. 5). In the FL Smidth controller the operator is asked 

tor 
.•... 
::3 
Q. 

0 -~ 
"Q 

5 

.m 
re - " 

0 
t) -ror (/'J 

input 
.5 

Figure 2.1: Example of nonlinear sealing of an input measurement. 
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to enter three typical numbers for a small, medium and large measurement respectively 

(Holmblad & Ostergaard. 1982). They become break-points on a curve that scales the 

incoming measurements ( circled in the figure). The overall effect can be interpreted as a 

distortion of the primary fuzzy sets. It can be confusing with both scaling and gain 

factors in a controller; and it makes tuning difficult. 

When the input to the controller is error, the control strategy is a static mapping 

between input and control signal. A dynamic controller would have additional inputs, 

for example derivatives, integrals, or previous values of measurements backwards in 

time. These are created in the preprocessor thus making the controller multi­ 

dimensional, which requires many rules and makes it more difficult to design. 

The preprocessor then passes the data on to the controller. 

2.2 Fuzzification 

The first block inside the controller is fuzzification, which converts each piece 

of input data to degrees of membership by a lookup in one or several membership 

functions. The fuzzification block thus matches the input data with the conditions of the 

rules to determine how well the condition of each mie matches that particular input 

instance. There is a degree of membership for each linguistic term that applies to that 

input variable. 

2.3 Rule Base 

The rules may use several variables both in the condition and the conclusion of 

the niles. The controllers can therefore be applied to both multi-input-multi-output 

(MIMO) problems and single-input-single-output (SISO) problems. The typical 5150 

problem is to regulate a control signal based on an error signal. The controller may 

actually need both the error, the change in error, and the accumulated error as inputs, 

but we will call it single-loop control, because in principle all three are formed from the 

error measurement. To simplify, this section assumes that the control objective is to 

regulate some process output around a prescribed setpoint or reference. The 

presentation is thus limited to single-loop control. 
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Rule formats Basically a linguistic controller contains rules in the if-then 

format, but they can be presented in different formats. In many systems, the rules are 

presented to the end-user in a format similar to the one below, 

1. If error is Neg and change in error is Neg then output is NB 

2. If error is Neg and change in error is Zero then output is NM 

3. If error is Neg and change in error is Pos then output is Zero 

4. If error is Zero and change in error is Neg then output is NM 

5. If error is Zero and change in error is Zero then output is Zero 

6. If error is Zero and change in error is Pos then output is PM 

7. If error is Pos and change in error is Neg then output is Zero 

8. If error is Pos and change in error is Zero then output is PM 

9. If error is Pos and change in error is Pos then output is PB 

The names Zero, Pos, Neg are labels of fuzzy sets as well as NB, NM, PB and 

PM (negative big, negative medium, positive big, and positive medium respectively). 

The same set of rules could he presented in a relational format, a more compact 

representation. 

Error Change in error Output 
eo Pos Zero -b 

eg Zero NM 
Ieg Neg NB 
Zero Pos PM 
Zero Zero Zero 
Zero Neg NM 
Pos Pos PB 
Pos Zero PNI 
Pos Neg Zero 

The top row is the heading. with the names of the variables. It is 

understood that the two leftmost columns are inputs, the rightmost is the output, and 

each row represents a rule. This format is perhaps better suited for an experienced user 

who wants to get an overview of the rule base quickly The relational format is certainly 

suited for storing in a relational database. It should be emphasised, though. that the 

relational format implicitly assumes that the connective between the inputs is always 

logical and - or logical or for that matter as long as it is the same operation for all 
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rules - and not a mixture of connectives. Incidentally, a fuzzy rule with an or 

combination of terms can be converted into an equivalent and combination of terms 

using laws of logic (DeMorgan's laws among others). A third format is the tabular 

linguistic format. 

Change in error 
Neg Zero Pos 

cg 
Error Zero 

Pos 

NB NM Zero 
NM Zero P1V1 
Zero P~1 PB 

This is even more compact. The input variables are laid out along the axes, and 

the output variable is inside the table. In case the table has an empty cell, it is an 

indication of a missing rule, and this format is useful for checking completeness. When 

the input variables are error and change in error, as they are here, that format is also 

called a linguistic phase plane. in case there are n > 2 input variables involved, the table 

grows to an n-dirnensional array; rather user-unfriendly. 

To accommodate several outputs, a nested arrangement is conceivable. A rule 

with several outputs could also be broken down into several rules with one output. 

Lastly, a graphical format which shows the fuzzy membership curves is also possible 

(Fig. 3). This graphical user-interface can display the inference process better than the 

other formats, but takes more space on a monitor. 

Connectives In mathematics, sentences are connected with the words and. or, 

if- then ( or implies), and if and only if, or modifications with the word not. These five 

are called connectives. It also makes a difference how the connectives are implemented. 

The most prominent is probably multiplication for fuzzy and instead of minimum. So 

far most of the examples have only contained and operations, but a rule like "If error is 

very neg and not zero or change in error is zero then ... '' is also possible. 

The connectives and and or are always defined in pairs, for example, 

a and b = min (a. b) mnumum 

a orb= max (a. b) maxnnum 

or (1) 

a and b= a* b algebraic product 
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