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Abstract: The practical realization of the Fuzzy Logic Controler (FLC) usually depends on
the application. Using the parameter-depended group of fuzzy operators like distance
based operators in the approximate reasoning process the FLC components can be adapted
to achieve better results. The program language environment, applied by simulation,
supports the choosing of suitable fuzzy operators and their parameters. The simulation
results are analysed, depending on the efficiency of the operator choice in approximate
reasoning model.
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1 Introduction

The underlying notions of soft-computing systems are flexibility and the human
mind. The choice of the fuzzy environment must support the efficiency of the
system, it must comply to the real world. This is more important than trying to fit
the real world into the inflexible models. [1],[2]

In the paper it is presented how distance based operators in FLC approximate
reasoning can be applied. Considering that the distance based operators are
parameter-dependent norms, we influence the behavior of the system by changing
or sliding the parameter values. Along with the operators in the approximate
reasoning model, the structure of the fuzzy sets can also be modified in order to
improve the behavior of the experimental system. It outlines the foundations of a
future adaptive system, which is based on earlier research results.
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After the problem definition and descripiton of some possible ways of solution,
the experimental results are explained. The simulation model is a satellite
controler model. The fuzzy controler was built in a MATLAB environment, first
based on fuzzy toolbox, and then using a new program interface, where some
elements from a given fuzzy toolbox are extended with the possibilities of the
operator choise in the fuzzy approximate reasoning.

2 Main Steps in the Building of the Simulation
System

To explain the behavior of a controlled system using distance based operators in
the fuzzy reasoning case, we design a MATLAB program, which allows a quick
comparison of the effiency of used operators in FLC. More precisely the used
operators group depends on e parameter (ee[O,l]), and tuning the controller

means to choose the value of e. Simulation of control for the parameter e can be a
tuning solution. To do this it is necessary to compare different results, for different
values of e (and even for different operators).

The proposed solution combines three toolboxes of Matlab:

I Fuzzy Logic Toolbox: where the user will be able to design the fuzzy
controller. There are several ways to do that. We recommend to use the fuzzy
GUI (General User Interface) where interactively the user can establish:

— the number of inputs and outputs;
—  the membership functions;
— therules;

— the And, Or methods (generalized t-norms and t-conorms applied in the
fuzzy approximate reasoning process);

— the implication, aggregation and defuzzyfication methods;

II Simulink: where the user will be able to design the Control Diagram. Mainly
this diagram is composed from:

— the plant model;
— the actuator model;
— the sensor model;

— the controller model which is an object from Simulink —> Fuzzy Logic
Toolbox —>Fuzzy Logic Controller with Ruleviewer. In fact this object
imports the fuzzy logic controller (designed with fuzzy logic toolbox) in
a Simulink diagram;
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IIT Matlab GUI, where we have designed a program (Smarta) which allows the
following actions:

open the Simulink file where the user has designed the control diagram;
open the Fuzzy Logic (FL) controller;

change the values of e parameters from the And, Or methods;

start the simulation;

store the simulation results;

because there are many simulation results stored the program can plot
different combinations of this results, so in this way a comparison will be

In addition to this structure the user must create two MATLAB files which consist
of And, Or methods (used t-norms and conorms). The diagram from Figure 1
illustrates this structure.

T norm Simulink file

name.m

name.mdl

Suzzy
controller

Smarta @ Plot results

\/_

Figure 1

The solution structure

3 Simulation Results

The behavior of a system to be controlled by different FLC models is investigated
in an example of satellite control. In Figure 2 illustrates the satellite whose angular
(spin) position we intend to control. The satellite has two jet actuators. Because of
the actuator behavior the control problem is nonlinear.
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The dynamical model of the plant (satellite) is
6=u (1

where: (from simplicity reasons J=1), @ is the spin angle, u torque generated by
the jet actuators. Because the torque value is +u where u is a constant value we
can choose to control the plant with the diagram from Figure 3.

/ 0
\/ The satellite

Figure 2

We intend to control the angular position of the satellite

0 " O\ -0 I_: u 16
_| s

v

Figure 3
Control diagram (first idea)

The dynamical behavior of the plant will be:

6= sign(-0)u = %% = sign(—u = 6d0 = sign(-0)u-d6 = @)

Jgdﬁ = Jsign(—@)u do= 6% = 2sign(—6)6u + ¢

Using special trajectories and the dynamical behavior of the plant the satellite will
have an un-damped oscillation (see Figure 4).
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Figure 4
The satellite behavior

3.1 Classic Fuzzy Control Solution

We will denote this solution Classic Fuzzy because in the construction of the FLC
we use the classical min, max rules. In order to simulate the fuzzy controller we
have constructed the Simulink diagram from Figure 5. The object Fuzzy Logic
Controller with Rule viewer links the FL application to this diagram. This
application was designed in Fuzzy Logic Toolbox.
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Figure 5

The Classical Fuzzy solution

In order to obtain the desired behavior we changed the range of the angular speed
Universe. When we refined this range (consider a smaller Universe) the
importance of angular speed has increased. The results are presented in Figure 6.
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Results, comparison for several values of the angular speed range(tet=6; dtet= 0 )

3.2 Using the Program-Interface Tool and Test of Several
Pairs of The T-norms and Conorms

The modified FLC model, presented in [3] is the base of the investigation in this
case. The if .. then ... rules from the rule base and the influence of the sysytem
input on the rules is modeled by minimum distance maximum operator, which is a
conjunctive fuzzy operator (AND operator). The aggregation of all rule-outputs is
done with the minimum distance minimum operator, which is a disjunctive type
operator (OR operator). Both of the operators are dependent on the parameter e.

The minimum distance maximum operator with respect to e € [0,1] is defined as

min(x, y), if y>2e—x

min™ =Jmax(x,y), if y<2e-x. (3)

max(x, y), if y=2e-x
The maximum distance maximum operator with respect to e € [0,1] is defined as

max(x, y), if y>2e—x
max

max, = = min(x, y), if y<2e—x. @)
max(x, y), if y =2e-x
The structure of the program was presented in Figure 1. After we had realized the

program for the description of T and S norms, which are respectively (3) and (4),
we have used the Smarta and we have obtained the results as described below.
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Comparison of the Controller Behavior for Several Values of e Parameter

We can conclude, that changing the parameter value, there is a measurable
difference between results (the relative difference between results may be 30%). It
proves again that building simulation systems before the realisation of the system
working, it is possible to test possibilities, and choose the best solution and the
suitable fuzzy operators in FLC. It can be seen that increasing the value of e
parameter is similar to increasing Kd parameter of PID controller: decreasing the
dominant poles value and transform them from real to complex (with non zero
imaginary parts, see Figure 7).

MaxEmax & MinEmax

; e=0
; €=0.05
; e=0.1
; e=0.15
; e=0.2
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; e=0.3
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! ; e=0.4
| — Run10; e=0.45
: Run11; e=0.5
0 5 10 15
time

Figure 7
Comparison for several values of e for the step form of tet=6

For this result, in Figure 8, a state space representation is plotted, like in Figure 6.
Conclusions

A quick way to investigate the parameter-based operator group applying in FLC
was constructed and tested on a satellite control problem. In order to use a quick
program the following steps are needed:

—  Construct your And and Or operators by two Matlab files;

—  Construct your fuzzy logic control application using Fuzzy Logic Toolbox,
and connect to this application the two And and Or operators;

—  Construct your Control Diagram in Simulink, (Plant, Sensor, ... Controller).
The controller is an object from Fuzzy Logic Toolbox (from Simulink library)
which link your FL application to the Simulink application;
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dtet

Figure 8

The state space representation (tet=0; dtet= ), using min e max and max e max operators pair

—  Save all this file in the same directory, close the applications;

— These steps can be done for several methods, FL controllers, and Control
Diagrams opening and runing the quick program.

It is a measurable difference between outputs using the scale of different e
parameter-based distance based operators.
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