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Fuzzy Control of DC Servo System and Hardware Realization of

Fuzzy Controller Using Decomposition of @-level Fuzzy Sets

Yo-Seob Lee

Department of Electrical Engineering, The Graduate School,

Pukyong National University

Abstract

The applications of fuzzy logic technique into the real applications require
the specific design methods which save development time and reduce the
programming efforts, but we are in the lack of a methods established to
support the design of fuzzy controller.

The servo system is required the faster and the more accurate response and
robust for a uncertain information. Therefore fuzzy control method is discussed
the application for DC servo system.

In this paper, on the basis of the general fuzzy sets and a-cut
decomposition of fuzzy sets fuzzy reasoning methods are described to support
the design of fuzzy controller for a DC servo system.

The controlled performance will be examined and evaluated with the result
of application of a DC servo systems by the design fuzzy control.

Though the fuzzy control has many parameters of membership function, rules
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and fuzzy reasoning methods, etc., it enhances the elasticity , the robustness
and makes the control of nonlinear system possible in the control system
requiring change of the parameters.
The objectives of study is the development of a fuzzy controller which is
independent of a computer and its software for fuzzy control of servo system.
The hardware scheme presents the fuzzy logic controller with the fuzzy
inference engine of a min-max-center of the gravity method, based on ¢-level
set decomposition of the fuzzy sets for the fuzzy control of DC servo system.
The propose a method that is directly converted to PWM(Pulse Width
Modulation) actuating signal by the body of fuzzy inference and defuzzification.
This method can be easily implemented with the analog circuit. The
influence of quantity a-levels on input/output characteristics of fuzzy controller

and the output response of DC servo system are investigated. 1t is concluded

that quantity a-cut 4 gives a sufficient results for the fuzzy control
performance of DC servo system. The experimental result show that the
proposed hardware is suitable and effective for the practical applications of DC
servo system.

This study is organized in the following format.

Chapter 1 : An historical perspective, the object, the needs of study and an

overview of the study are described.




Chapter 2 : A principle of the fuzzy control and fuzzy sets is illustrated.
The calculated formulars for a several fuzzy inference and defuzzification are
derived.

Chapter 3 : This chapter describes the simulation program and excited
method for fuzzy control of DC servo system by general fuzzy sets.

It is discussed that the fuzzy control for DC servo system is compared with
PID(proportional integral derivative) control. And also is discussed that step
response and input-output characteristics are compared with the changed control
rules, methode of fuzzy inference and tuning as the changed scaling factor.

Chapter 4 : This chapter describes a method of approximate reasoning for
fuzzy control of servo system, based on decomposition of g-level fuzzy sets
that the hardware can easily realize with the logic circuits. The effectiveness of
quantified o-levels on input/output characteristics of fuzzy controller and output
response of DC servo system are discussed. It is investigated the optimal «
-cut levels for the fuzzy control performance of DC servo system.

Chapter 5 : This chapter describes a fuzzy controller of the hardware which

is independent of a computer and its software for fuzzy control of servo
system.

The fuzzy logic controller composes a mim-max-center of gravity for the
fuzzy control of servo system, based on the decomposition of o-level fuzzy

sets. It is proposed that the fuzzy logic circuits are a body from fuzzy
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inference to defuzzificaion in cases where the output variable u directly is
generated PWM.
Chapter 6 : This chapter describes the conclusion by the results to be

obtained from the study and investigation.
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(b)The equivalent fuzzy rules of singleton type

Fig. 2.9 General and the equivalent fuzzy rules of singleton type
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Fig. 2.10 The min-sum-center of gravity
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Fig. 2.12 Algebraic-sum-center of gravity
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(3.1)

Aol g ME DS 7= UGRMEM-02MAZ2, 100[W]e]tt. table 3.1 A

BAC]  ARERE A7 B sEbvlEolty o7lM, HEV] o|SA

Kn=10 olm 7148 AR+ T,=0.4[secloltt. sixdlolzlel ee

e=(8"—0y) xrlradl, 1 ¥3E JeolH

olt}, 18] ZF& ue [V] ot}

MEHY F71 AT=0.004[ sec]

Table 3.1 Motor parameters

Torque Constants

0.0647 [N - m/A]

Armature Resistance g, 1.3 [ohm]
Armature Inductance La 1.7[mH]
e.m.f Constants K, 0.0649

Initial momont J

0.28[ kg - em?]

Time Constants 7,

0.04[sec]

Gain X,

10
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Table 3.2 Typical rules of fuzzy controller

Ae
NB NS 70 PS PB

NB NB NB NM NS Z0
NS NB NM NS Z0 PS
Z0 NM NS Z0 PS PM
PS NS Z0 PS PM PB

PB Z0 PS PM PB PB

1714 7 eae vewt g

NB . Negative Big, NM : Negative Medium
NS . Negative Small, Z0 . Zero

PS : Positive Small PM : Positive Medium
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Fig. 3.4 Simulation flowchart of fuzzy control for DC motor
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Fig. 3.5 Input-output characteristics by min-max inference
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Fig. 3.6 Input-output characteristics of PD controller
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Fig. 3.7 Step response of DC servo motor by fuzzy control
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Fig. 3.9 Step response of DC servo motor by PD control
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e FUZZY CONTROL
Km ={@.Blrad (U-sec)] overshoot =B.83(%]
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Fig. 3.22 Step response by operations of algebraic product-sum
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Fig. 3.23 Step response by operations of bounded product-bounded sum
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e FUZZY CONTROL
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Fig. 3.24 Step response by operations of drastic product-drastic sum
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Table 3.3 Rules(2) of fuzzy control.

) el B NS z0 PSS PB
NB NE NB NB NB NB
NS NB NM NS 7O PM
70 NB NS ZO PS  PB
PS NM Z0  PS  PM PB
PB PB PB  PB PB PB

4714, 7 ehae Bt 2

NB : Negative Big NM : Negative Medium
NS : Negative Small 7O  Zero
PS : Positive Small PM : Positive Medium

PB : Positive Big

=
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Fig. 3.26 Input-output characteristics by rule table 3.3
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Fig. 3.27 Step response by rule table 3.3
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Tm = 1.58 (sec) , SampleP. = B.B5 (sec)
12 St P, = 8,88 - , time = 5,08 (s8p)
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Fig. 3.29 Step responses by a trapezoid membership function
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Fig. 3.31 Input-output characteristics by simplified type
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Fig 3.32 Step response by simplified fuzzy reasoning
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Table 4.1 Control rules

) ' \B Ns 70 PS  PB
PB PB
PS | NM ZE PS PM  PB
70 NB NS zO PS PB
NS NBE NM NS ZE PM
NB NB

71A, 7} ehile Be} 2o

NB

NM

PB

PB

. Negative Big NS
: Negative Medium  ZO
: Positive Big PS

. Positive Medium
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Fig. 4.4 Membership function(1)
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Fig. 4.5 Input-output characteristics for a=1,a =2 step
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Fig. 4.6 Input-output characteristics for ¢ =4, a=8 step
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FLZZY CONTROL.
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