View metadata, citation and similar papers at core.ac.uk brought to you by fCORE

provided by Purdue E-Pubs

Purdue University

Purdue e-Pubs

ECE Technical Reports Electrical and Computer Engineering

4-1-1993

A Fuzzy Precompensator Design for PD Control of
Systems with Deadzones

Jong-Hwan Kim
Purdue University School of Electrical Engineering

Jong-Hwan Park
Korea Advanced Institute of Science and Technology Department of Electrical Engineering

Seon-Woo Lee
Korea Advanced Institute of Science and Technology Department of Electrical Engineering

Edwin K. P. Chong
Purdue University School of Electrical Engineering

Follow this and additional works at: http://docs.lib.purdue.edu/ecetr

Kim, Jong-Hwan; Park, Jong-Hwan; Lee, Seon-Woo; and Chong, Edwin K. P,, "A Fuzzy Precompensator Design for PD Control of
Systems with Deadzones" (1993). ECE Technical Reports. Paper 226.
http://docs.lib.purdue.edu/ecetr/226

This document has been made available through Purdue e-Pubs, a service of the Purdue University Libraries. Please contact epubs@purdue.edu for

additional information.


https://core.ac.uk/display/4948227?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
http://docs.lib.purdue.edu?utm_source=docs.lib.purdue.edu%2Fecetr%2F226&utm_medium=PDF&utm_campaign=PDFCoverPages
http://docs.lib.purdue.edu/ecetr?utm_source=docs.lib.purdue.edu%2Fecetr%2F226&utm_medium=PDF&utm_campaign=PDFCoverPages
http://docs.lib.purdue.edu/ece?utm_source=docs.lib.purdue.edu%2Fecetr%2F226&utm_medium=PDF&utm_campaign=PDFCoverPages
http://docs.lib.purdue.edu/ecetr?utm_source=docs.lib.purdue.edu%2Fecetr%2F226&utm_medium=PDF&utm_campaign=PDFCoverPages

A Fuzzy PRECOMPENSATOR
DeESIGN FOR PD CONTROL OF
SYSTEMSWITH DEADZONES

JoONG-HwAN KM
JONG-HWAN PARK
SEON-WOO LEE
EpwiN K. P. CHONG

TR-EE 93-16
APRIL 1993

EIAT # PURDUE UNIVERSITY
~  WEST LAFAYETTE, INDIANA 47907-1285

ﬁ')

e &
y%’_,, .. SCHOOL OF ELECTRICAL ENGINEERING
: ®



A Fuzzy Precompensator Design for

PD Control of Systems with Deadzones

Jong-Hwan Kim*  Jong-Hwan Park* Seon-Woo Lee
Edwin K. P. Chong'

Abstract

Simple conventional control methods, such as PD and PID controllers, are widely
used in industrial applications. Such controllers exhibit poor performance when ap-
plied to systems containing nonlinearities arising from unknown deadzones. In this
report, we propose a novel fuzzy logic-based precompensation approach for controlling
systems with deadzones. The control structure consists of a fuzzy logic-based prec-
ompensator followed by a conventional PD controller. Our proposed control scheme
shows superior transient and steady-state performance compared to conventional PD
and PID controllers. In addition, the schemeis robust to variations in deadzone non-
linearities, as well asthe steady-state gain of the plant. Weillustrate the effectiveness

of our scheme using computer simulation examples.
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| ntroduction

We propose a fuzzy logic-based scheme for controlling systems with deadzones. Our
control structure consists o a fuzzy precompensator and a standard PD controller.
The idea underlying the control scheme is based on analyzing the source o large
steady-state errors which arise when a conventional PD controller is applied to a
system with a deadzone. Our proposed scheme has good transient as well as steady-
state performance, and is robust to variations in deadzone nonlinearities.

Nonsmooth nonlinearities are common in many physical components in control
systems, such as gears and hydraulic servovalves. Such nonlinearities include satu-
ration, relays, hysteresis, and deadzones, and are often unknown and time varying.
For example, a common source of nonlinearities arise from friction, which vary with
temperature and wear, and may differ significantly between components which are
mass produced. Therefore the study d methods for dealing with nonsmooth nonlin-
earities has been of interest to control practitioners for some time. In this report, we
consider only deadzone nonlinearities. Deadzones are of interest in their own right,
and provide good models for many nonsmooth nonlinearities found in practice.

Standard controllers used in practice, such as PD and PID controllers, suffer from
poor performance when applied directly to systems with deadzone nonlinearities. For
example, a steady-state error occurs when applying a conventional PD controller to a
system with deadzones—the sized the steady-state error increases with the deadzone
width (see Section 11.2). The steady-state error arises because a PD controller uses
only the output error and the change in output error as inputs to the controller. To
eliminate the steady-state error, we may attempt to use a PID controller, that aso
incorporates the "integral” d the output error as an input to the controller. However,
as we shall seein Section 114, the transient performance in this case is poor.

More advenced control schemes for controlling systems with nonsmooth nonlin-
earities include sliding mode control {1], and dithering [2]. Motivated by limitations

in these methods, such as chattering in sliding mode control, Recker et al. [3] pro-



posed an adaptive nonlinear control scheme for controlling systems with deadzones.
In (3], full state measurements were assume to be available. More recently, Tao and
Kokotovic [4] considered the more realistic situation where only a single output mea-
surement isavailable. In practice, however, the transient performance of theadaptive
control schemes above is limited.

Fuzzy logic-based controllers have received considerable interest in recent years
(see for example (5], [6], [7], [8], [9]). Fuzzy-based methods are useful when pre-
cise mathematical formulationsare infeasible. Moreover, fuzzy logic controllers often
yield superior results to conventional control approaches [7]. In [10], Kim et al. stud-
ied a fuzzy logic based controller applied to systems with deadzones. Their scheme
exhibits superior transient and steady-state response compared to the schemes de-
scribed above.

In this report we propose a fuzzy logic-based schemefor controlling systems with
deadzones. Our present schemeis simpler and more practical than the one considered
in [10]. The control structure we propose in this report consists of simply adding a
fuzzy logic based precompensator to a standard PD controller. The idea underlying
our approach is based on analyzing the source of the steady-state error resulting
from using a PD controller alone. We demonstrate that our controller has excellent
transient as well as steady-state performance, and is robust to variations in deadzone
nonlinearities as well as the steady-state gain of the plant.

The remainder of this report is organized as follows. In Section II we describe a
system with a deadzone, and study the characteristics of a conventional PD controller
applied to the system. We show that the PD controller results in poor performance,
and givean analysisof thesource of steady-stateerrors. We also study the behavior of
a PID controller applied to thesame system. In Section III we propose our fuzzy logic
precompensation scheme. We describe the idea underlying our approach, and give
a precise description of the controller. We aso provide simulation plots to illustrate

the behavior of our scheme. Finally we conclude in Section IV.
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IT Characteristicsof Conventional PD Controller

In this section we describe a genera PD (Proportional-Derivative) controller, and

study the behavior o the controller applied to a system with a deadzone.

I1.1 Basic Control Structure

We consider the (discrete-time) system shown in Figure 1, which is a conventional
PD control system. The transfer function P(z) represents the plant, D represents
an actuator with deadzone, Cle(k), Ae(k)] = Kpe(k) T KpAe(k) is alinear function
d the error and change of error representing a standard PD control law, K, is the
feedforward gain, v(k) is the output of the PD controller, «(k) is the output o the
actuator, ym(k) is the referenceinput (command signal to be followed), y,(k) is the
output d the plant, e(k) is a tracking error between y,.(k) and y,(k), and Ae(k) is
the change in tracking error e(k) — e(k — 1). The characteristics of the actuator with
deadzone D is described by the function

m(v—-d), if v>d
D] =< o, if—d<v<d
m(v+d), ifv<-d

whered, m > 0. Figure2 illustrates the characteristics o the actuator with deadzone.
The parameter 2d specifies the width o the deadzone, while m represents the slope

of the response outside the deadzone.

1.2 Analysisof Steady-State System Behavior

We now study the steady-state behavior of the system controlled by the conventional
PD controller. The purpose o the analysis is to illustrate a problem that arises
in the presence d a deadzone. Specificaly, we will show that in the presense of a
deadzone, a steady-state error occurs in a Type 0 system controlled by a "well-tuned”
PD controller (while there is no steady-state error if there is no deadzone).
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The dynamics of overall system are described by the following equations:

e(k) = ym(k) —yp(k)

Ae(k) = e(k)—e(k—1)
Cle(k),Ae(k)] = Kpe(k)+ KpAe(k)

v(k) = Kiym(k)+ Cle(k), Ae(k)]

u(k) = Dlv(k)]

yp(k) = P(2)u(k)]

Note that theequation y,(k) = P(z)[u(k)] involvesaslight abuse of notation; however,
its meaning should be obvious. Since C[0,0] = 0, then if wefix the reference input
ym(k) = ym, the steady-state actuator input is Kiy,,.

Consider the case when there is no deadzone, i.e., d =0, and m = 1. In this case

the plant output can be written as
yp(k) = P(2)[K1ym (k) + Cle(k), Ae(k)]]
Since e(k) = ym(k) — y,(k), then the plant output can also be written as

Yp(k) = ym (k) — e(k)

We now fiX ym(k) = ym, and study the behavior of the system in steady-state. We
assume that the plant is of Type 0 (i.e., P(z) does not have a pole at z = 1). To

derive the equation for the steady-state behavior, we set Ae(k) = 0 to get
Ypss = I{S[Klym + I(Peu] = Ym — €4 (1)

where K, is the steady-state gain of P(z) (assumed stable), given by K, =
lim,_; P(2), yp.ss IS the steady-state output, and e, is the steady-state error. Note
that K, < co for a Type 0 plant. The steady-state error e, is then the solution to
equation (1), that is,

K[ K1ym T Kpeys] = ym — €55 (2)



We assume that the controller is "well-tuned”, so that K; = K;'. Equation (2) then

becomes
K,Kpe,, = —e,, (3)

It is clear that the solution to the above equation is simply e, = 0, i.e., the steady-
state error is zero, as expected.
We now consider the case when a deadzone is present, i.e.,d >0, and m > 0 are

arbitrary. In this case, the steady-state output of the plant can be written as
Ypss = K DIK1ym T Kpeys] = ym — 5
Therefore, the steady-state error is the solution to the equation
K,D[Kiym T Kpe(k)] — ym = —e, (4)

Thefirst termin theleft hand side of (4) isillustrated in Figure 3(a). Once again we
use a graphical approach to solve (4); see Figure 3(b). As we can see, the solution
ess IS NOt Zero, but some nonzero number (with the samesign as y.,; in Figure 3(b)
we have assumed a positive y,,). It is clear that the nonzero steady-state error is a
direct result of the presence o the deadzone in the actuator. In the next section we

illustrate this behavior viaan example.

11.3 An Example

Consider a (continuous time) plant with transfer function
10
24541
Using the standard sample-and-hold approach, with a sampling time of 0.025 seconds,
we apply the PD controller to the plant, as described before. Note that the system
isof Type0. In this example, weset y,, =1, K; = 0.1, Kp = 0.7, and Kp = 39.2.
Figure 4 shows output responses of the plant for three values o d. 0.0, 0.5, 1.0. In
all cases we used m = 1. It is clear from Figure 4 that there is a relatively large
steady-state error and overshoot when a deadzone is present. The steady-state error

and overshoot increases with the the deadzone width.

7

e e e e e e e e



A ,,I Kl ym +er

KsDIK ;¥ +er]

(a)

KsD[K; Ym +Kpel-¥m

/

€

(b)
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114 PID Controller

We may argue that a steady-state error exists in the previous system because the
controller uses only the output error and change of output error. It is wdl known
that if we also include the "integral™ o the error as an input to the controller, then
steady-state errors can be eliminated. In this section westudy the behavior of a PID
(Proportional-Integral-Derivative) controller applied to the system with a deadzone.
The controller includes not only the error and change of error, but also "integral" of

error, asinput.
Consider thecontrol structure shown in Figure5, which consists of a H D controller

applied to the system with deadzone. The control law used is given by:
v(k) =v(k—1)+ KpAe(k) + Kre(k) + Kp(Ae(k) — Ae(k — 1))

The aboveis the standard PID controller law, used widely in practice.
To observe the behavior of the system in Figure 5, we used the plant given in the

previous example, with the following parameter values. Kp = 1.284, K; = 0.0325,

9
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Figure5: PID controller for system with deadzone

and Kp = 46.8. As before, we used a sampling time of 0.025 seconds. The output
responses are shown in Figure 6. As we can see, the steady-state error is eliminated.
However, the transient response is sensitive to the deadzone width, and is increas-
ingly poor as the deadzone width is increased. By tuning the parameters of the PID
controller to the specific deadzone width, we may improvethe transient response (al-
though our experience with simulations of the system suggests that the improvement
is not substantial). Nonetheless, the fact remains that the PID scheme is sensitive
to variations in the deadzone width, and is therefore not a practical approach to the

deadzone problem.

IIT Controller with Fuzzy Precompensator

I'n this section we describe a novel controller structure based on fuzzy logic precompen-
sation. Our aim is to eliminate the steady-state error and improve the performance
of the output response for PD control systems with deadzones by introducing a fuzzy
logic controller in front of the PD controller. Aswe shall see, our proposed scheme is
indeed insensitive to deadzones, and exhibits good transient and steady-state behav-

ior.

10
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ITI.1 Basic Control Structure

We use a graphical approach to describe the idea underlying our proposed controller.
Consider Figure 3(b), which illustrates the source of the steady-state error for the
conventional PD control system. Suppose weshift thegraph o K, D[K,ym+Kpe|—ym
to the left by an amount equal to n (the intersection point of the graph with the e-
axis). Then, it isclear that the steady-state error (the point of intersection of the two
graphs in Figure3(b)) becomes zero. Shifting the graph of K,D[K1ymt Kpe] — ym t0
the left by an amount 5 is equivalent to adding » to e In other words, the graph of
K,D[Kiym T Kp(e T 1)] — ym intersects the graph of —e at theorigin. The key idea
underlying our proposed controller isto shift the curveof K,D[Kly,,.+Kp(e+n)]—y,,,
as described above so that the steady-state error is zero. Note that instead of adding
n to e toshift the curve, we can achieve asimilar effect by adding someother constant
u to thereferenceinput y». Inour control scheme we usefuzzy logic rulesto calculate

the appropriate value o x to be added to the reference input. Note that in the above

11




scheme we have deliberately avoided using explicit knowledge of the values K, or of
the deadzone parameters d and m. In fact, as we shall see later, our approach is
robust to variations in these parameter values.

We now proceed to describe our proposed control scheme. First, we define the

variables y,.(k) and €e'(k) as follows:

Um(k) = ym(k) +u(k)
e'(k) = e(k)+p(k)

where u(k) is a compensating term that is generated using a fuzzy logic scheme
(described below). The proposed control schemeis shown in Figure 7. As we can see,
the overall control structure consists o two "layers': a fuzzy precompensator, and a
conventional PD controller. The error e(k) and change of error Ae(k) are inputs to
the precompensator. The output o the precompensator is u(k). The dynamics of
overall system is then described by the following equations:

e(k) = ym(k)— yp(k)

Ae(k) = e(k)—e(k—1)

p(k) = Fle(k), Ae(k)]

Im(k) = ym(k) + p(k)

(k) = ym(k)—yp(k)
A(k) = €(k)—¢€(k-1)

Cle'(k),Ae'(k)] = Kpe'(k)+ KpAé'(k)

v(k) = Ky (k)+ Cle'(k), Ae'(k)]
u(k) = Dlv(k)]

y(k) = P(2)[u(k)]

I n the next two sections we describe in detail the two layers of our proposed controller

structure.

12
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111.2 First Layer: Fuzzy Precompensator

We now describe thefirst layer in our two-layered controller structure, which consists
of the fuzzy logic-based precompensator. The fuzzy logic control law is based on
standard fuzzy logic rules—for details on fuzzy logic controllers we refer the reader to
(7). We think o e(k) and Ae(k) as inputs to the controller, and (%) as the output.
Aswe already know, e(k) isthe output error y.,.(k) —y,(k), and Ae(k) is the changein
output error e(k) — e(k—1). The output u(k) isgenerated via the dynamic equation

u(k) = u(k = 1) + Fle(k), Ac(k)]

where F[e(k), Ae(k)] is a nonlinear mapping implemented using fuzzy logic. In the
following we describe how Fle(k), Ae(k)] is implemented.
Associated with the function Fle(k), Ae(k)] is a collection of linguistic values

L={NB,NM,NS,Z0O,PS,PM,PB)
and an associated collection of membership functions
M = {Mng, Mnpm, Mns, Mzo, Mps, Mprr, Mpg}

Each membership function is a map from the real line to the interval [0,1]; Figure 8

shows a plot o the membership functions. The "meaning” o each linguistic value
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should be clear from its mnemonic; for example, N B stands for "negative-big", NM
stands for " negative-medium", N Sstands for " negative-small", ZO stands for "' zero",
and likewise for the "positive”" (P) linguistic value.

The realization o the function Fle(k), Ae(k)] is based on a fuzzy logic method,
consists of threestages: fuzzification, decision makingfuzzy logic, and defuzzification.
The process of fuzzification transforms the inputs e(k) and Ae(k) into the setting
o linguistic values. Specifically, for each linguistic value I € L, we assign a pair o
numbersn.(!) and na.({) to theinputs e(k) and Ae(k) viathe associated membership

function M;, by

n(l) = M(C.e(k))
nAc(l) = MI(CAcAe(k))

where C. and Ca. are scale factors. The numbers n.({) and na.({), ! € L, are used
in the fuzzy logic decision process, which we describe next.

Associated with the fuzzy logic decision process is a set of fuzzy rules R =
{R1,Rs,...,R.}. Each R;, i =1,...,r,isatriplet (I, lac, 1), wherel.,la., !, € L.
Thefirst two linguistic values are associated with the input variables e(k) and Ae(k),
while the third linguistic value is associated with the output. An example o a rule
is the triplet (NS, PS,Z0). Rules are often written in the form: "if e(k) is . and
Ae(k) islae, then 4 is!,” (here we think of u as the output o the fuzzy logic rule).
For example, in the rule represented by the triplet (NS, PS, Z0), theidea d the rule
isthat if e(k) is "negative-small™ and Ae(k) is " positive-small", then output "zero".
The rules for our fuzzy precompensator are given in Table 1. In this case, we used
26 rules (i.e., r = 26). Our rules were derived by using a combination of experi-
ence, "trial and error”, and our knowledge o the response of the system. These are
common approaches to the design of fuzzy logic rules, as described in [7]. We refer
the reader to [7] for a discussion o advantages and tradeoffs in methods for selecting
fuzzy rules.

Specifically, each rule R; = (I, lae,!.) takes a given pair e(k) and Ae(k) and

14




assigns to it a function p;(e(k), Ae(k), 1), u € [—1,1], as follows:

Nmin = min(n.(l.),nae(lae))
p.-(e(k),Ae(k),u) = rnin(N,,,,-,,,Mlp(u))

We combine the functions p;, : = 1,...,26 to get an overall function q by

q(e(k), Ae(k), p) = max(py(e(k), Ae(k), ), ..., pas(e(k), Ae(k), p)), g €[-1,1]

The defuzzification process maps the result of the fuzzy logic rule stage to a
real number output Fle(k), Ae(k)]. Specificaly, we use the Center of Area (COA)

method, given by

Ff.ll pq(e(k), Ae(k), p) dus
11 a(e(k), Ae(k), p) dp
where Cr is a scale factor. Note that the ratio in the right hand side of the above

Fle(k),Ae(k)] =C

equation is simply the center of area d the function g(e(k), Ae(k), #) (as a function

of ).
Finally, as mentioned before, the actual control law for the precompensator is

given by the equation:
p(k) = p(k = 1) + Fle(k), Ae(k)]

Note that the precompensator is not simply a memoriless nonlinearity, but a nonlinear

dynamical system.

111.3 Second Layer: Conventional PD Controller

The second layer of our controller structure consists d a conventional PD controller,
which is essentially identical to that described in Section II.2. The only difference
in this case is that instead d using e(k) and Ae(k) as inputs to the PD controller,
we use €'(k) and A€'(k), where €'(k) = e(k) + u(k), Ae'(k) = €'(k) — e'(k — 1), and
p(k) istheoutput o the precompensator. In particular, as indicated by the dynamics
equations previously, the output of the PD controller is given by

v(k) = Kiyn (k) + Cle'(k), Ae'(k)]

15



NB NM NS Z20 PS PM PB

Figure 8 Membership Functions

e(k)
NB|NM|NS|ZO | PS |PM| PB
NB NM | NS
NM | NB NM | NS
NS | NB NS | ZO PM
Ae(k) | ZO | NB|NM| NS | ZO | PS | PM | PB
PS | NM 7O | PS | PM
PM PM | PB | PB
PB PM | PM | PB

Table 1. Fuzzy logic rules for precompensator
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where y;. (k) = ym (k) + n(k).

1114 Example

We consider again the plant of Section 11.3. We now apply the proposed two-layered
fuzzy logic controller to the plant; as before we use a sampling time of 0.025 seconds.
The scale factors used in the fuzzy precompensator (first layer) are as follows. C, =
4.5/ym, Cae = 49.5/ym, Cr = 0.2y,,. The parameters of the PD controller (second
layer) are the same as in the previous example. Here, we once again set y,, = 1, and
K, =01

Figure 9(a) shows output responses of the plant for m = 1 and three values o
d (as before): 0.0, 0.5, 1.0. The output responses in Figure 9(a) show considerable
improvement over those o Figures4 and 6. Not only is the steady-state error reduced
to virtually zero, but the transient response is also dramatically improved. In Note
that in Figure 9(a), the same values for the "internal variables" {e.g., scale factors,
membership functions) As we can see, the performance of the controller does not de-
teriorate significantly for deadzone widths o d = 0.5 and 1.0. Therefore, we conclude
that our controller is robust to variations in the deadzone width. In practice, we
can use the same values of interval variables for a whole range o deadzone widths,
without having to "retune” the controller.

Figure 9(b) shows output responses of the plant for d = 0.5 and three values of
m: 2.0, 3.0, 6.0. In all three plots, the same values for the internal variables o the
fuzzy precompensator were used as before. The parameter values used for the PD
controller were Kp = 0.3 and Kp = 9.6. As we can see, the controller performs well
in all three cases. Hence we conclude that the controller is also robust to variations
in slope.

In the above examples we used K; = 0.1 = K;!, which means that K; is "well-
tuned" to the steady-state gain of the plant. Figures 10(a) and (b) show output
responses of the plant with values of K; which are not well-tuned; in Figure 10(a)
we used K; = 20 (20 times K;!), and in Figure 10(b) we used K; = 0.005 (1/20

17
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times K;1). The parameters for the PD controller in these plots are the same as in
Figure 9(a). We can see that the performance is relatively robust to the choice of
Kj. Naturally, with fixed values of K, and the internal variables, we expect the per-
formance to deteriorate with increasing deadzone widths, as illustrated in Figure 10.
The performancefor large deadzone widths may be improvedif we retunethe internal
variables of the fuzzy precompensator.

To observe the behavior of our fuzzy precompensator with a PID controller (in-
stead of a PD controller), we plotted the output response o the system with the fuzzy
precompensation scheme and a PID controller (with no feedforward term). Note that
this set up isequivalent to using a PD controller (with K; = 0) applied to a Type 1
system, namely the Type 0 system considered before with an additional poleat » = 1.
Figure 11(a) shows output responses with deadzone slope m = 1 and deadzone widths
of d=0, 0.5, and 1.0. We used a PID controller with the same parameters as the one
used in Section 11.4, Figure 6, namely, Kp = 1.284, K; = 0.0325, and Kp = 46.8.
We can see that the output responses for the system is virtually identical to those of
Figure 9(a). In Figure 11(b), we show output responses o the system with a fixed
deadzone width of d = 0.5, and deadzone dopesof m =1, 2, and 3. The PID pa-
rameter values used in this case were Kp = 0.39, K; = 0.02, Kp = 22.4. The output
responses of Figure 11(b) show slight overshoots for the case where m = 1 (but not
for m = 2 and 3). This indicates that the system is more sensitive to variations in
deadzone slope than to variations in deadzone width. Comparing Figure 11(b) with
Figure 9(b), we see that the precompensator with a PID controller is more sensitive

(with respect to slope variations) than the precompensator with a PD controller.

IV Conclusons

Inthisreport, we proposed afuzzy logic-based precompensation schemefor controlling
systems with deadzones. Our approach consists of a fuzzy precompensator and a

conventional PD controller. The proposed control scheme has superior steady-state
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Figure10: Output responsesof plant with proposed control schemewith (a) Ky = 2.0,
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10




1.2 — — v . ——
1l rr—————
0.8 L J
& o ]
8
0.4 .
d=00
02F maas d=0.5 -
......................... d=1.0
0 F I - L i L Fu
0 1 2 3 4 5 6 7 8 9 10
Time(Seconds)
(a)
1.2
1 L mmem IS
osf ]
H
g
0.6}§ -
8
0.4 .1
m=1
02 - m=2 4
.......................... m=3
0 F— A y T 1
0 1 2 3 4 5 [ 7 8 9 10
Time(Seconds)
(b)

Figure 11: Output responses of plant with fuzzy precompensator and PID controller
with (a) m =1, and (b)d =0.5
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and transient performance, compared to a conventional PD controller, as wel as a PID
controller. An advantage of our present approachisthat an existing PD controller can
be easily modified intoour control structure by simply adding afuzzy precompensator.
In addition, the control structure is robust to variationsin the deadzone nonlinearities
(width and slope), as wdl as the steady-state gain o the plant. We demonstrated
the performance o our controller via several computer simulation examples.

In this report, we do not address the important problem o stability o the control
scheme. Asfor many other fuzzy logic based control schemes, a mathematical analysis
d thestability o our schemeis an intractable problem, due to the highly nonlinear
nature of the fuzzy precompensator. This difficult but important problem is a fopic

o ongoing research.
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