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Abstract 
This paper is one of the series which attempts to provide the reader with some practical guidelines on how to design a 
fuzzy control system and how to choose its structure and parameters. Attention is mainly given to a practical side but not 
to the development of the mathematical theory of design. The paper briefly reviews the design methodologies applied up 
to date in fuzzy controller design and classifies the design approaches. The design process is roughly divided into two 
stages: an initial choice of a controller structure and parameters and then their further tuning. At the first stage the 
recommendations are given regarding the choice of the structure, scaling factors, rules and membership functions. 
Different methodologies such as neural networks, genetic/evolutionary algorithms are considered at the second stage. 
The ideas about the future development in fuzzy controller design are presented in the conclusion. 

1. Introduction 
Due to a large number of successful applications fuzzy 
logic controllers (FLCs) have grown up from exotic 
strangers to effective tools , applied for solving various 
problems in different areas. FLC design from a rare 
activity of a few researchers has turned into an everyday 
job of a considerable number of designers. This process 
must be accompanied and supported by the development 
of the FLC design theory and technology. In 1990 C.-C. 
Lee stated in his survey [6] that "there is no systematic 
procedure for the design of an FLC". In 1993 another 
author [ 1] asserted that "the design methodologies are in 
their infancy and still somewhat intuitive". This paper 
reviews the current situation in the FLC design and based 
on the experience gained to provide the practitioner, who 
wants to design and apply a FLC, with some advice how 
to do it. 

The first part of the paper (p.2-4) briefly describes a FLC 
design process and classifies design approaches applied up 
to date. The second part (p.5) gives some advice about the 

initial design and choice of the structure and parameters, 
and the third part (p.6) about the methods of their further 
adjustment and tuning. The results are summarised and 
presented as practical recommendations on FLC design in 
p.7. 

2. Fuzzy controller design process: 
step by step. 
A fuzzy controller design process contains the same steps 
as any other process of practical design. One needs to 
choose initially the structure and parameters of a FLC, test 
a model or a controller itself and change the structure 
and/or parameters based on the test results. One may see 
that an actual design process consists of choosing the 
controller structure and some parameters (a synthesis of 
the controller) and evaluation of their influence on the 
controller stability and performance (an analysis of the 
controller). The processes of the analysis and synthesis are 
interrelated and interdependable on each other. The 
process can be divided roughly into two steps: an initial 

(high effort) 
Figure 1. A fuzzy controller design process 
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choice of the structure and parameters and the following 
adjustment based on the analysis (Fig. 1). Because of a 
large number of parameters to be determined and an 
incompleteness of a design theory the first step in a fuzzy 
controller design is characterised by a high subjectivity 
degree, and as a result of that the second step may require 
a high effort to be implemented. 

3. What does one need to design a 
FLC? 
Fig. 2 represents the basic structure of a FLC. The set of 
the principal design parameters as formulated in [6] as 
follows: 

1) fuzzification strategies and the interpretation of a 
fuzzification operator (fuzzifier), 
2) data base: 

a) discretization/normalization of universe of 
discourse, 
b) fuzzy partition of the input and output 
spaces, 
c) completeness, 
d) choice of the membership function of a 
primary fuzzy set; 

3) rule base: 
a) choice of process state (input) variables and 
control (output) variables of fuzzy control rules, 
b) source and derivation of fuzzy control rules, 
c) types of fuzzy control rules, 
d) consistency, interactivity, completeness of 
fuzzy control rules; 

4) decision making logic: 
a) definition of a fuzzy implication, 
b) interpretation of the sentence connective and, 
c) interpretation of the sentence connective 
also, 
d) definitions of a compositional operator, 
e) inference mechanism; 

5) defuzzification strategies and the interpretation of 
a defuzzification operator(defuzzifier). 

This set of parameters is complete and includes all 
parameters of a FLC. In theory to design a FLC one has to 
choose all these parameters. In practice, however, the 
situation is different. The main reasons for this situation 
are that either even nowadays the literature contains no 
results representing the influence of some of the 
parameters (e.g. definition of a fuzzy implication) on the 
FLC performance, or a designer considers their 
determination as may be theoretically important but 
practically not essential. For example, a very good review 
of the fuzzy processing methods is available [see 16] but a 
practitioner commonly does not care about this choice and 
takes the method recommended in the design package. On 
the other hand, the same or similar effect can be reached 
by modifying different parameters of a FLC. So in 
practice, a FLC designer usually needs to make a choice 
of: 

1) a structure, inputs and outputs of a FLC, 
2) input and output scaling factors, 
3) input and output membership functions, 
4) rules. 

4. Design approaches 
classification. 
Basically all the approaches to FLC design can be 
classified as follows: 

1) expert approach, 
2) control engineering approach, 
3) combined approaches, 
4) intermediate approaches. 

The first approach originates from the methodology of 
expert systems. It is justified by a consideration of a FLC 
as an expert system applied to control problem solving. In 
this approach fuzzy sets are applied to represent the 
knowledge or behaviour of a control practitioner (an 
application expert, an operator) who may be acting only 
on the subjective or intuitive knowledge. All the 
theoretical and practical methods of knowledge 
acquisition developed in artificial intelligence and other 
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sc~ence~ are. to. be pr~cticed here. One should note that by 
usmg hngmstlc vanables fuzzy rules provide a natural 
framework for the human thinking and knowledge 
formulation. Many experts find that fuzzy control rules 
provide a convenient way to express their domain 
knowledge. So cooperation with the experts will be easier 
for a knowledge engineer. This approach was very popular 
in design of pioneer FLC 's. 

In a pure expert approach the choice of the structure 
inputs, outputs and other parameters of a FLC is th~ 
whole and solemn responsibility of the expert(s). 
Moreover, the supporters of this approach (not numerous, 
nowadays) warn against further parameter modifications, 
pointing out that such adjustments can change the 
expert's prescriptions and jeopardise his/her instructions. 
Changing, for example, the scaling factors and/or 
membership functions may result in loosing original 
linguistic sense of a rules base. The experts may not 
recognise their rules after tuning and will not be able to 
formulate new rules. Generally speaking here an expert 
system is designed. This expert system is specified for 
control applications and, after the design is completed, 
operates as a FLC. In this approach any structure and set 
of the parameters of the FLC can be chosen. 

The supporters of the control engineering approach 
consider the first one as too subjective and prone to errors 
and try to make a choice based on some objective criteria. 
This approach proposes to design a FLC by investigating 
how the FLC stability and performance indicators depend 
upon different FLC parameters. Thus this approach 
clearly incorporates the analysis of a FLC as one of the 
important stages of design. To evaluate a quality of a FLC 
the criteria commonly used in control engineering practice 
are applied. As a performance indicator one can apply 
either of the following: 

1} an integral criteria such as an integral of the 
absolute value of the error signal, an integral of the 
square of the error signal, etc. 
2) one or a set of the parameters characterising the 
system response, e.g. the overshoot, the settle time, 
the response time, the steady-state accuracy. 

The application of the same criteria facilitates a fair 
comparison of the conventional and FLC's. 

In the control engineering approach the feedback structure 
of the FLC is commonly applied with the error signal 
chosen as one of the FLC inputs. Here fuzzy PID-like (as 
well as PD-like, PI-like controllers) are extremely popular. 
The choice of the controller type determines other inputs 
and an output of the FLC. The membership functions and 
scaling factors are selected on the base of their influence 
on the FLC control surface, and rules are formulated 
considering the control trajectory. 

Intermediate approaches suppose setting some of the 
parameters (e.g. membership functions) by the experts and 
fixing the others (e.g. rules) with the methods inherited 
from the control system design. Combined approaches 
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include the initial choice of the FLC structure and 
parameters made by the expert and further their 
adjustment performed with the control engineering 
methods. 

5. How to choose the structure and 
parameters initially? 

5.1. The structure of a fuzzy control 
system 
One of the main problems in a design of a FLC as well as 
of any other controller is a concord of the required high 
performance under specified operating conditions and the 
desired possession of some other features, first of all 
stability and robustness. FLC are proved to be rather 
robust to any changes in the environment, the plant and 
the controller itself. This feature was considered as one of 
the main advantages of the fuzzy control on the first 
(historically) stage of their development. As robustness we 
understand the ability to preserve· or to avoid significant 
decay in the perfonnance after some operating conditions 
have changed. To achieve this goal two basic ways are 
widely exploited: 

1) an adjustment of the FLC parameters after their 
initial choice and FLC test - adaptive and learning 
controllers (see p.6), 
2) an application of special fuzzy control system 
structures, first of all hierarchical supervisory control 
structures. · 

The hierarchical rule-based controller usually consists of 
a simple upper-level "expert" controller, which is often 
called a supervisory controller [17] and the low level 
controller(s) (see Fig. 3). The switch between the levels 
can be realised as a fuzzy controller as well. The 
application of a hierarchical structure lets distribute 
solving of different problems between the levels and 
apply various criteria in construction of different 
controllers. The top level controller should provide the 
approaching of the main goal of the system as the low 
level controllers should obtain the solutions of special 
problems. 

Figure 3. Hierarchical FLC scheme 

The rule-based supervisory control has proven to be very 
effective in a number of applications, providing the 
required performance and stability of the whole system 
and comparing favourably to a variety of conventional 
techniques attempted to date. Unfortunately, except [13] 
the authors know no references comparing fuzzy 
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hierarchical and adaptive controllers. One should note 
that in some applications low-level (executive) controllers 
are designed by conventional methods. 

5.2. Fuzzy PID-Iike controllers 

A PID controller is the most widely used in industry 
controller type. Unsurprisingly a lot of work has been 
done in design of fuzzy PID controllers (fuzzifying the 
parameters of a PID controller) and fuzzy PID-like 
controllers (employing the same set of the inputs and 
outputs as PID controllers). 

Some FLC designers try to imitate the PID controller 
action [see 2, 15]. It has been proved that fuzzy controllers 
are capable of approximating any real continuous control 
function on a compact set to arbitrary accuracy. In 
particular, any given linear control can be achieved with a 
fuzzy controller for a given accuracy. [2] proposes 
methodology which enables the synthesis of a Sugeno or 
Mamdani type fuzzy controller precisely equivalent to a 
given PI controller. The main idea is to equate the output 
of the fuzzy controller with the output of the PI controller 
at some particular input values, called modal values. The 
rule base and the distribution of the membership functions 
can thus be deduced. The analytic expression of the 
output of the generated fuzzy controller is then 
established. For Sugeno-type fuzzy controllers, precise 
equivalence is directly obtained. For Mamdani-type fuzzy 
controllers, the defuzzification strategy and the inference 
operators have to be correctly chosen to provide linear 
interpolation between modal values. The usual inference 
operators satisfying the linearity requirement when using 
the center of gravity defuzzification method are proposed. 
This method can be used not only in design but in analysis 
ofFLC's. 

Nowadays there exist numerous examples of fuzzy Pill-
like (PI- and PD-like) controllers. These fuzzy controllers 
are realised in the feedback structure with the error signal 
as the controller input. Two other inputs can be the 
change_ of_ error or integral_ error signals. The most 
widely used structures are given on Fig. 4 (PD-like fuzzy 
controller), Fig. 5 and Fig. 6 (PI-like fuzzy controller). 

of error 

Figure 4. A block-diagram of a PD-like fuzzy control 
system 

5.3. Rules formulation. 
Main methods of the FLC rules derivation are based upon: 
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1) Expert experience and knowledge, 
2) Operator's control actions learning, 
3) Fuzzy models of the process or object under 
control, 
4) Learning technique application. 

of error 

Figure 5. A block-diagram of a PI fuzzy control system 
(version 1) 

of error 

Figure 6. A block-diagram of a PI fuzzy control system 
(version 2) 

In practical realisation of the first method, two ways can 
be proposed; based on work either with the documentation 
or the experts themselves. The first one employs 
redeveloping manuals, operation instructions and any 
other documents available into the set of the rules. 
Another way includes an interrogation of experienced 
experts or operators using carefully organised 
questionnaires. Of course, a good knowledge engineer 
always tries to apply the combination of these two 
approaches. 

Another method is pretty similar to the first one. Here the 
rules are formulated by observing how a skilled operator 
controls the object or the process. In this case the operator 
should be an expert. As was pointed by Sugeno in order to 
automate the control process one can express the 
operator's control rules as fuzzy If-Then rules employing 
linguistic variables. In practice such rules can be deduced 
from the observation of human controller's actions. 

Unlikely the first couple two other methods come out the 
control engineering domain. The first one is a generation 
of a set of fuzzy control rules based on the fuzzy model of 
the process or object under control. This approach is 
ideologically similar to a classical controller design 
technique in which one derives a mathematical model of 
the controller from the mathematical model of the plant. 
Here the mathematical plant model is fuzzy. There exist 
no strict procedures of a FLC design even in this case. 
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However, depending on the degree of fuzziness of the 
plant model some conventional technique can be applied. 
Another method is based on learning and experience 
gained during FLC operation. This method supposes 
employing adaptive and/or self-organising fuzzy 
controllers. In this methodology the rules set is modified 
during the FLC test and operation based on some criteria 
evaluation. One should note that there exist design 
methods which deny a necessity for the initial rules 
formulation and suppose their derivation through a 
learning process. 

functions on the right or left to capture the extreme input 
values. 

5.4. Membership function selection 
In the membership function choice one has to solve a few 
problems: how to choose general parameters like a 
number of classes (membership functions) to describe all 
the values of the linguistic variable on the Universe of 
discourse, the position of different membership functions 
on the Universe of discourse, the width of the membership 
functions, and concrete parameters like a shape of a 
particular membership function. The research results and 
practical recommendations regarding this choice are 
presented in [14]. 

5.5. Choice of the scaling factors 
The first stage of the fuzzy controller operation is 
fuzzification and the last one is defuzzification. On both 
stages the membership functions which describe different 
values of the linguistic variables (or labels) are applied. 
To choose membership functions first of all one needs to 
consider the universe of discourse for all the linguistic 
variables, applied to the rules formulation. To specify the 
universe of discourse one must firstly determine the 

A 

B 

c 
Figure 7. Choice of the scaling factors 

applicable range for a characteristic variable in the Because of this situation it is usually desirable, and often 
context of the system being designed. The range you select necessary, to scale, or normalise, the universe of discourse 
should be carefully considered. For example, if you specify of an input/output variable. Normalisation means applying 
a range which is too small, regularly occurring data will the standard range of [·1,+ 1] for the universe of discourse 
be out off-scale (fig. 7B), that may impact an overall both for the inputs and the outputs. This simple procedure 
system performance. Conversely, if the universe of can essentially facilitate the FLC debugging and tuning 
discourse for the input is too large (fig. 7 A), the process. So the FLC structure of fig. 2 should be 
temptation will often be to have wide membership replaced with one given on fig. 8 . . -------------------------------------------------------------------------------, 
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In the case of the normalised universe of discourse an 
appropriate choice of specific operating areas requires 
scaling factors. An input scaling factor transforms a crisp 
input into a normalised input in order to keep its value 
within the universe of discourse. An output scaling factor 
provides a transformation of the defuzzified crisp output 
from the normalised universe of discourse of the controller 
output into an actual physical output. 

The role of a right choice of input scaling factors is 
evidently shown by the fact that if your choice is bad the 
actual operating area of the inputs will be transformed 
into a very narrow subset of the normalised universe of 
discourse or some values of the inputs will be saturated. 

On the other hand one can see that when the output is 
scaled, the gain factor of the controller is scaled. The 
choice of the output scaling factor affects the closed loop 
gain, which as any control engineer knows, influences the 
system stability. The behaviour of the system controlled 
depends on the choice of the normalised transfer 
characteristics (control surface) of the controller. In the 
case of a predefined rules table the control surface is 
determined by the shape and location of the input and 
output membership functions. 

In regard to the order of the choice which is to be made 
one can be given the following advice [10]: 
1) The output denormalization factor has the most 
influence on stability and oscillation tendency. Because of 
its strongest impact on stability this factor is assigned to 
the first priority in the design process. 
2) Input scaling factors have the most influence on basic 
sensitivity of the controller with respect to the optimal 
choice of the operating areas of the input signals. 
Therefore, input scaling factors are assigned to the second 
priority. 
3) The shape and location of input and output 
membership functions may influence positively or 
negatively the behaviour of the controlled system in 
different areas of the state space provided that the 
operating areas of the signals are optimally chosen. 
Therefore this aspect is getting the third priority. 

However, one should understand that simultaneous fixing 
of both input and output scaling factors can produce much 
better results. The choice of the values for the scaling 

Table 1 

Decrease 

Overshoot I Decrease Decrease Decrease 
Oscillation 

Speed of Increase Increase Decrease 

Decrease Decrllnc Increase 
Error 
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factors can be made analysing their influence on the FLC 
performance indicators. The example of such analysis is 
given in [18] where the fuzzy PI-like controller with the 
error (e) and change_of_error (de) inputs and the 
change_of_control (du) output is considered. As a result 
the following table of the scaling factor tuning advice to 
improve different performance indicators can be derived 
(see Table 1). 

6. How to tune (adjust) the 
parameters of a FLC? 

For a few last years the control engineering approach in 
FLC design has strengthened and a number of modem 
designers try to apply the methods of parameters adjusting 
through adaptation and learning. According to this 
concept [9] there are two main drawbacks in fuzzy 
control: 

1) the design of fuzzy controllers is usually 
performed in an ad hoc manner where it is often 
difficult to choose some of the controller parameters; 
2) the fuzzy controller constructed for the nominal 
plant may later perform inadequately if significant 
and unpredictable plant parameter variations occur. 

To overcome these drawbacks the parameters of the FLC 
designed at the first stage should be allowed to adjust. As 
a result of this tuning process a new FLC appears which 
can be classified as: 

1) self-organising, 
2) adaptive, or 
3) learning. 

Although this classification usually does not face any 
objections, the definitions are not easy to formulate. There 
are some different opinions because of changeable 
understanding, however, we try to present here the most 
common point of view. 

A self-organising controller can be determined as a 
controller, the parameters of which are changed without 
any other changes in the plant model and other models 
used. An adaptive control usually supposes modifications 
of the plant model, and a learning control assumes the 
modification of the control strategy based on the past 
experience. One should note that this definitions are 
general and not specific for a FLC. 

Some of the tuning methods assume an existence of the 
initial FLC model and an availability of the plant model. 
However, most of the late design methods do not require 
any plant model at all. An example of such methods is 
given in [ 11] which proposes a complete design method 
for an online self-organizing fuzzy logic controller 
without using any plant model. By mimicking the human 
learning process, the control algorithm finds the control 
rules of a system for which little knowledge has been 
known. In an expert approach, knowledge on the system 
supplied by an expert is required in developing control 
rules, however, the proposed fuzzy logic controller needs 
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no expert in making control rules. Instead, rules are 
generated using the history of input -output pairs, and new 
inference and defuzzification methods are developed. The 
generated rules are stored in the fuzzy rule space and 
updated online by a self-organizing procedure. 

Different techniques have been applied for a FLC tuning. 
They can be divided into conventional and intelligent 
methods. In conventional methods classical approaches of 
the mathematical analysis are applied in searching for the 
parameter set optimising the performance criteria. In 
intelligent methods some heuristic procedures algorithms 
such as artificial neural networks (ANN), genetic (GA) 
and evolutionary (EA) algorithms are employed. 

In intelligent design fuzzy logic is utilised to incorporate 
the available knowledge into the controller design, and 
ANN and/or GA technology are applied to adaptively 
develop an optimal control strategy. The control system 
structure in this case can be presented as on Fig. 9 [8]. 
One should note that there exist another trend in 
combining FL and ANN technologies and creating new 
synergisms such as adaptive network based fuzzy 
inference systems (ANFIS) [5]. In this approach the 
controller design originates from the ANN framework 

Figure 9. Combined structure for a FLC 

Various fuzzy neural networks have been proposed to 
enhance the performance of ANN for control of complex 
dynamic plants with strong nonlinearity and high 
uncertainty. Nowadays there is a need for systematic 
techniques that takes the properties of the FL, ANN and 
GA into account in order to obtain fast convergence and to 
be able to tackle more complex control problems. 

Recently ANN and GA were applied to tune one of the 
FLC parameters. Modem methods tend to enable 
simultaneous determination of a few. To achieve this goal 
a combination of FL, ANN, GA, and conventional 
techniques is often employed. E.g. [12] proposes the FLC 
represented in the form of a neural network which can be 
trained using a GA. This enables the simultaneous 
determination of the membership functions for the fuzzy 
input variable, the quantisation levels for the output 
variable and the elements of the relation matrix of the 
FLC. 

[ 4] considers simultaneous design of FLC rules and 
membership functions with GA. One has to note that 
these parameters are interrelated as the choice of 
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membership functions determines in some aspect the 
choice of rules. On the other hand to achieve the same 
effect in many cases a designer is able to modifY either the 
membership functions or the rules. Previous work using 
GA has focused on the development of rule sets or high 
performance membership functions; however, the 
interdependence between these two components suggests a 
simultaneous design procedure would be a more 
appropriate methodology. When GA's have been used to 
develop both, it has been done serially, e.g., the design of 
the membership functions and then the use of them in the 
design of the rule set. This, however, means that the 
membership functions were optimised for the initial rule 
set and not the rule set designed subsequently. GA's are 
fully capable of creating complete fuzzy controllers given 
the equations of motion of the system, eliminating the 
need for human input in the design loop. [7] proposes the 
GA based algorithm which integrates even three design 
stages: the choice of the membership functions, the rules, 
and the rule consequent parameters. 

7. Summary - Practical 
recommendations on FLC design 
Practical recommendations given in this paper are 
summarised in two parts. Part I (see Table 2) contains 
some advice regarding the initial choice of the structure 
and parameters. Part IT (see Table 3) contains some 
recommendations about how to change this set of 
parameters depending on the results achieved and the 
criteria established. 

8. Forecast for future development. 
Summarising the review of the FLC design methods it can 
be stated, that the most active issues these days are the 
specification of an intelligent control system design 
methodology based on a task-technology mapping and the 
integration of specific technologies to obtain synergistic 
effects. The future development of fuzzy controllers and 
fuzzy controller design supposes movement towards the 
design of more complicated control systems, making a 
control strategy more task-oriented rather than set-point 
and tracking following [19]. These controllers will 
incorporate different achievements from various fields of 
artificial and computational intelligence such as fuzzy 
logic, neural networks, genetic/evolutionary algorithms, 
expert systems. 
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Part L How to choose fuzzy controller structure and parameters initially? 
Table 2 

t!::.~e· ...... :t:.:;:::::::~~==;::.:r~:~i1;·mtY··<t~1lbt• mtb~· •ility· Qt·~. fuzzy.·®ntt91· 
Choice of the inputs The same as for a conventional control system 

Ch~i® Qftb~ ·~ng 
m~t$. 
Choice of the 
number of the classes 
(membership 
functions) 

Cht\ie~ of tJi~ 
m~m~bi:P 
fun~Qil$ .. 

Choice of the rules 

The error and change_of_error (derivative) signals are often applied as the inputs for a fuzzy 
controller 
Additional: choose the inputs regarding to which some control rules expressing the dependence 
of the output on these inputs can be easily formulated 
lniti~·~OQ$the $.(;@ngt~~ ·satt$.fY:· to:th~ :Qperat:l'Q~ ·$.ng~s (-univ~t$~ ·9.fd.1s~o~e) 
f.q.r:~mPu~;m«;J.g).JJPl:J:t~.if:~ey~~Q~ ·· · 
There are several issues to consider when determining the number of membership functions and 
their overlap characteristics. 
The number of membership functions is quite often odd - generally, anywhere from 3 to 9. 
As a rule of thumb, the greater control required (i.e. the more sensitive the output is to input 
changes) the greater the membership function density in that input region 

i~::::!~i'=e:ti~~b=~~h~~m~ts.bip fuit®qti$~~mune4~y:Uie•~~n($.)• 
· lJ :i'Jlffi~Y eh.Pose th~ width.· o.r the mem~tsbip fun®ion$ JQ prpv;;(;l~ me whP.le o.v~tmp (se!! 

[14]) ab.om :U;.i4%, · · · · · ... ~~:m~~fe4 ·=~i:!!::~~:.::::~~bip··~o:tm .. MU~ .;t• l~g~overtapcan.1Je· 
Main methods: 

1) expert experience and knowledge, 
2) operator's control actions learning, 
3) fuzzy model of the process or object under control usage, 
4) learning technique application. 

The rules set in the whole should be: 
-complete, 
- consistent, 
- continuous. 

Part 11. How to change (tune) fuzzy controller structure and parameters? 

... WMll~$. WRtlNti? 
Fuzzy controller does 
not provide the stability 
of the system 

· ··· ············ ·· 

1) Change the structure of the control system. Apply the supervisory fuzzy controller. 
However, you need to remember that this approach usually decreases the controller 
performance in some degree . 

Table 3 . 

2) Check the rules table: sometimes you need to change the wrong sign of the rules output 

. ove.rS.itoot(o•· 
il$~lmt!:ill:~gmtud~) 

3) Decrease the output scaling factor of the fuzzy controller 

··· ·:~:.:.:~==~======~=n=··factot ·of·the•.Pfrpan. 
~u®mgtt ...... ..... .. . 
Speed of response (rise 1) In a PID-like fuzzy controller increase the output scaling factor of the PD-part 

.·. ~l:ll~) is t(.).())O\V . . . . . . . . } ) .IJ:lcr~a.~f! f!J:e ~Sal~J:l~ factor for a £iig~~f!l:l!A~ inp11t COIIlParillg ~(.) ()~~~ il:lp11ts 
· P90t'stea4Y"'statt: 1) ln aPW4ike frizZY conttoilet decrease th~·outpm sqaitngJa~().r:QftheP.:O:..part 

~p~acy i~~;:;~=~6:;:~:r::~:~~~:~:::o::~:panngtpQthefi~ 
4) R•~~ Ui~ wtath,ofthe tnembt:ltsbip.:f.'®.91i®dot•Ute· ~r.o·~l~$~f the (!rt:qtsi~ 

.. .... $)~$IDP9t~tb~m~m~~fim.~tt9P.M~gr~~gllim:t:¥.Pg~Qf.MP9lil~~®:~~~9J•1P~Pt . 
Insufficient sensitivity 1) Increase the scaling factor for this input 
to the input signal 
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