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Abstract: Tt is the purpose of this paper
to present a dialogical {uning method of the
- sampling period in fuzzy control systems.
Last year, the authors gave a dialogical tun-
ing technique of fuzzy control system under
the fixed sampling period in this symposium.

In the case where sampling period is cho-
sen larger, the response of the control system
is unsatisfactory, and in the case where the
sarnpling period is smaller, ineffective control
aclions are repeated.

The appropriale sampling period is chosen
through the slep response of the closed loop
fuzzy conlrol process. As the Luning tech-
vique depends on the controlled plant, it is
necessary to estimate the rough characteris-
tics of it. The authors propose a method to
decide the appropriate sampling period, by
inspecting the characteristics of the plant.

1 INTRODUCTION

The authors gave a dialogical tuning tech-
nique of fuzzy control system using rough
grasp of the unknown process propertics
(1}{2]. In Lhis technique, they deal with a
single-input single-output feedback control
syslem containing a [uzzy coutroller as shown
in Fig.1. The process property is roughly es-
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timated by the step response, and the fuzzy
-controller is interactively modified according

to the operator’s requests.
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Fig.1: Fuazy Control System

In addition to the work mentioned before,
the authors deal with a dialogical {uning
method of the sampling period in fuzzy con-
itrol system in this paper. In the same way as
the previous work, the following conditions
are supposed.

1. Relcrence input r is step.
2. Process is unknown.
3. Input u and oulput y is observed.

At first, sampling period is fixed to 0.1(s)
and according to the step response, fuzzy
conlroller for an unknown process is tuned.
Initial conditions for the Tuzzy controller are:
(1) the hight of step is 0.5, (2) the mem-
bership functions of e and ce have a triangle
shapes, (3) the membership functions of u
and du are singletons.

Fundamental control rules are shown in la-
ble.1 and GDU tuning melhod is as follows:

T, |u
GDU = [SetPoint] x 7 x [tnar]
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Here, T, is the sampling time and T} is the
time to the first maximum value.
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Fig.2: The Membership Function of e and ce
( fundamental type )
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Fig.3: The Membership Function of wand

du ( fundamental type )

ce\Nel|-3¢{-2]-l 0 1 2 3
3 0 3 9 9 9 9

2 -3 0 3 6 9 9 9

1 -6 1 -3 0 3 6 9 9

0 -9 1 -6 | -3 0 3 6 9

-1 -9 -9 -6 -3 0 3 6
2 -9 -91-9-6]-3 0 3
-3 -9 -9 -9 -9 -6 -3 0

Table.1: Fundamental Control Rules

2 PROCESS DISCRIMINATION

The method of tuning a fuzzy controller
differs, depending on the characteristics of
the process whether it is stable or unstable,
or it has an inlegral element. We can es-
timale its characleristics from the step re-
sponse by the following discriminating meth-
ods.

(1) Discriminating stability of process
Init i;m.‘l_San flesponse
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Fig.4: Discriminating Method of
Stability
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(2) Discriminating integral element of pro-
cess

(a) Stable process
“S-Lable Proc;;.s— J
GDU Tuning
~" Does the response
&‘C_@nzerxe ?

/

[ Fuzzy PD Control"

Fig.5: Discriminaling Melhod of
Integral Element
( stable process )
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(b) Unstable process

Unstable Process

Does the response N
converge 7
Y A
GDU 0.5
N Does Lhé—response
diverge ?
v,
Fuzzy PD Control ]

lj Fuzzy PI Control l

Fig.6: Discriminating Method of
Integral Flement
( unstable process )

A dialogical tuning technique of fuzzy control
system with a rough grasp ol its characteris-
tics under fixed sampling period is based on
our previous work [1]{2].
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3  TUNING OF SAMPLING PERIOD

In the preceding discussions, fuzzy con-
troller is designed under the fixed sampling
period which is small enough to simulate
most of processes. Bul, for some processes,
fuzzy controllers designed with fixed samn-
pling period do not work properly. Only if we
get undesirable result afler tuning, we should
change sampling period in the above fuzzy
control syslems.

3.1 Undesirable Plobrems Caused by the
Fixed Sampling Period

Undesirable problems caused by a luzzy
controller designed with a fixed sampling pe-
riod are the followings: (1) Control perfor-
mance becomes worse, (2) Tuning metlod
becomes complicated, (3) Some processes be-
come uncontrollable, (4) Control efliciency
becomes worse. In order to overcome each
of these problems, some lechniques are con-
sidered:

(1) To avoid bad performance, smaller sam-
pling period is desired. Because bad control
petformance is due Lo ils larger sampling pe-
riod compared with the process’ time con-
stant.

(2) Complicated tuning method is due to the
inadequate sampling period. So the sampling
period should be changed in this case.

(3) 1I the sampling period is fixed as 0.1(s),
the processes which diverges rapidly are un-
able to be controlled. By using the smaller
sampling period, stable control is achieved.
(4) 1 conlrol input is saturaled, or delay time
is larger than the sampling period, [uzzy in-
ference in that part is of no use. Then, the
larger sampling period is desired.

To overcome the above undesitrable prob-
lems, the sampling period should be changed
according to the characteristics of the pro-

coss. Nowever, if sampling period becomes
smaller, control performance will be beller,
but control efliciency will be worse than be-
fore. 1t is a trade-off relation. So thal, which
tuning method should be taken depends on
the operator’s requests.

3.2 Basic Idea of Changing a Sampling
Period

There are two methods of changing sam-
pling period:
(1) Sampling period is changed belore design-
ing a fuzzy controller.
(2) Design a fuzzy controller under fixed sam-
pling period, and afler that, sampling period
is changed according Lo operator’s requests.

The latter method is adopted in this paper
because the former is diflicult lo be imple-
mented in dialogical method.

Rasic idea of Luning the sampling period is
as follows:

L Desig;d with Lhe_ia@l_i_n?ﬁcriod 0.1s l

[ Request ofﬁlkmprovemenk J

[_ Ecaghing Time iioi\;ersl;(;ot smali ]

[-Knowvl?ed.ge of modifyjfg Sampling I’eriod?J

8

[;T?Ilaing Method oirfrié;ﬂrlling Pe\:‘iodJ

Iig.7: Basic Idea of tuning Sampling Period

At first, Tuzzy controller is designed un-
der the fixed sampling period.  After that,
the judgement whether the sampling period
should be changed or not is made, and il it
should, the choise whether the sampling pe-
riod should be smaller or larger is made. The
fuzzy controller is tuned by the operator’s re-
quest which is given based on the rising lime
and overshoot of the slep response.
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3.3 Method of Tuning the Sampling Pe- the process is stable or unstable, or it has
riod an inlegral element. Then we can suppose 4

. ) ) types of tuning methods. They are shown in
The melhod of tuning the sampling period Fig.8 Lo 10.

differs depending on the process whether

| Sampling Period = 0.1s |

Y u: Time to First Maximunm N
Value = 5 X Ts ?

[ Sampling Period largerl

[ Sampling Period smaller]

N u: First Maximum Value Y N
is saturated ? >__No Change |

[ Initialization |

[ GDU converge |—>{ Sampling Period X 0.5 |
: TN [Sanpling Period X 2.0 ]
< u: Second Maximum Value > TN
> Third Maximum Value 7 (T First Maximum Valu
Y < is not saturated ?>
Y
E N D |

I'ig.8: Tuning Method of Sampling Period (Stable process, Tuzzy PT controller)
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N J The end of
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and overshoot 7
v u X 0.02
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Fig.9: Tuning Mcthod of Sampling Period (Stable process, Fuzzy PD controller)
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| Sampling Period = 0.1s |
\2

| Sampling Period smaller]

[ Fuzzy PI Control |
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Fig.10: Tuning Method of Sampling Period (Unstable process)

4

A few simulalion results are shown here.

SIMULATION EXAMPLES

(1) Tmprovement of control performance

10
5420
spt = 0.005 (s)

Process:

P ey e
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Fig.12: Simulation Results (output)
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Tn the case where sampling period is
0.1(s), the process is controlled with the
smaller open loop gain and the Lime con-
stant of the closed loop system becomes
larger than the process. By changing
the sampling period to 0.005(s), the
closed Joop system can Dbe conlrolled
with smaller time constant.

Simplified tuning method

In the above example, tuning method is
simpler for the sampling period 0.005(s)
than thal of 0.1(s).

Stabilizalion

ocoss: —0_
Process: ——55

The unstable process can be stabilized
by changing the sampling period [rom
0.1(s) to 0.01(s).
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Fig.12: Simulation Resulls (output)
v
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Fig.13: Simulalion Results (output)

(4) Taking larger sampling period withoul
loss of control performance.
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Process: 5051
spt = 0.1 (s)

g Ty oy T T

T T R T T T X R

Fig.14: Sinnilation Results (input)

spt = 0.1 (s) , 1.7 (s)
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Fig.15: Simulation Resulls (outputl)

Sampling period is changed from 0.1(s)
to 1.7(s), but control performance docs
not become worse.

5  CONCLUSION

The authors propose a dialogical tuning
method of sampling period in fuzzy control
systems in Lhis paper. Making it simple, the
method consists of the following three steps
(1) Design a fuzzy controller under fixed sam-
pling period.

(2) Decide whether sampling period should
be changed or not. I[ it is betler Lo change,
bascd on our work, we ate able to know that
it should be larger or smaller.

(3) 1 the operator requests to change the
sampling period, appropriale sampling pe-
riod 1s chosen. ,

The effects of changing the sampling pe-
riod are, 1)improvement in control perfor-
mance, 2)simplifying tuning method, 3}im-
provement in control efficiency. And it is con-
firmed that uncontrollable process becomes
controllable by changing the sampling pe-
riod.

This method is of use to sclect a sampling
period when [uzzy controller is designed.
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