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1. INTRODUCTION

PID controllers has been used in a lot of industrial machines.
Appropriate PID parameters are necessary for a desired perfor-
mance. However, the parameters are difficult to be decided by
trial and error. Therefore, the Chien-Hrones-Reswick (CHR)
method, a conventional method, is widely used. In this method,
the proportional gain, the integral gain and the differential gain
are determined based on the parameters of the controlled system,
respectively. However, this method can be applied only when the
system parameters are known, and desired response characteristics
cannot necessarily be obtained in some cases.

Recently, the Fictitious Reference Iterative Tuning (FRIT) method
which calculates PID parameters directly using the closed-loop
data obtained by a set of operational data attracts attention [1]. The
method can be applied, even when the characteristics of the system
are unknown. The fictitious reference input is calculated from
system input and output in the operational data, and input to the
reference model. This method designs the optimum controller by
adjusting PID parameters to let the output of the reference model
be close to the output in the operational data. However, for many
industrial machines, especially machines that operated by human,
the system characteristics change when the operating environment
changes. In such cases, it is necessary to redesign the controller
after the system fluctuation.

In this paper, the controlled system is assumed to be switched in
steady state, and the controller is constituted as a PID controller.
The PID parameters before the system switching are set by the
FRIT method. After the system switching, a method that setting
the PID parameters by the Fictitious Exogenous Signal is proposed.
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The fictitious reference iterative tuning method is used to design Proportional-Integral-Derivative (PID) controllers to achieve
desired performance for industrial machines. However, the desired control performance cannot be obtained by this method, if
the system characteristics changed in steady state. In this paper, design method of a PID controller using the Fictitious Exogenous
Signal is proposed. The change of system characteristics is considered as an impulse-like virtual disturbance. The Fictitious
Exogenous Signal to calculate PID parameters is obtained from a set of operational data. The effectiveness of the proposed
method has been verified by numerical examples.
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Specifically, the system fluctuation in steady state is regarded as an
impulse-like virtual disturbance is input. At this time, the transfer
function from the disturbance to the control error is constructed.
The optimum controller is designed by adjusting the PID parame-
ters so that the characteristics of the closed-loop system approaches
the reference model. Genetic Algorithm (GA) is used to calculate
the PID parameters. Moreover, the effectiveness of the proposed
method has been verified by numerical examples.

2. CONTROL SYSTEM
2.1. Control Objective

A switching system in which the system changing occurs in steady
state is shown in Figure 1 as the control objective. System1 is ini-
tial state, and system?2 is the state after switching. Switching of the
system is assumed to occur at a known time. Controller1 and con-
troller2 are controllers for these systems, respectively. PID parame-
ters are set in the controllers.

2.2. Control Law

The controllers for System1 and System2 use the following I-PD
controller [Equation (1)].

Au(k) = Ke(k) - KPAy(k) - KdAzy(k) (1)

u(k), e(k) and y(k) are control input, control error and system
output. K , K, and K, are proportional gain, integral gain and dif-
ferential gain, respectively. A is a differencing operator, defined by
A=1-z1
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Furthermore, the control error e(k) is calculated as the following
Equation (2). r(k) is the reference value.

e(k)=r(k)— y(k) (2)

2.2.1. FRIT method

The controllerl for system1 is setas K, K, , and K, using the FRIT
method. Here, K, K, , and K are proportional gain, integral gain
and differential gain, respectively. The controller parameters are
calculated directly by using a set of operational data, and the block
diagram is shown in Figure 2. u (k) and y (k) in the closed-loop
data are system input and output of a set of initial operational data.
y(k) is the output of a reference model G (z™'). 7(k) indicates the
fictitious reference input of the reference model G, (z™'), and calcu-
lated from a set of operational data (u,(k), y,(k)) and Equation (1).

G, (z") and 7(k) are defined as the following Equations (3)—(5).

Sy — Ny — z'P(1) . (3)
y(k) =G, (z7)r(k) PG r(k)
P(z)=1+pz'+pz” )

Auy (k) + K, Ay, (k) + K, Ay, (k)

r(k)=y,(k)+
7(k) = y,(k) K 5)
Here, p, and p, are designed by the following Equation (6) [2].
p = —Zexp(—ﬁJcos(—A’u_l J
2u
P, = €xp _EJ (6)
U

O
4=025(1-0)+0.518

o relates to the rising characteristic of the control, and ¢ is a para-
meter relating to the attenuation characteristics (it can be set by the
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Figure 2 Block diagram of the FRIT method.

designer, arbitrarily). It is desirable that J'is set between 0 < o< 1.
When 0= 0, the Binominal model response is shown, and when
0 =1, the Butterworth model response is shown.

2.2.2. Fictitious Exogenous Signal method

The controller2 for system2 is set as K , K, and K, by a method
using the Fictitious Exogenous signal. Here, K , K, and K, are
proportional gain, integral gain and differential gain, respectively.
The controller parameters are calculated directly by using a set
of operational data. The method using the Fictitious Exogenous
Signal is similar to the FRIT method, and block diagram is shown
in Figure 3. The reference model G, (z') means the desired
closed-loop transfer characteristics from disturbance to control
error. d(k) is the input, and e (k) is the output. The d(k) is a
Fictitious Exogenous Signal, and the output of the reference model
G, (z") is é(k) when the input is &(k). The Fictitious Exogenous
Signal d(k) is expressed by the following Equation (7) [3] from a
set of initial operational data (u(k), y,(k)) measured in advance
and Equation (1). Here, the system fluctuation is regarded as an
impulse-like virtual disturbance d(k) was input. At this time,
since d(k) is a virtual value, the initial operational data that it is
necessary to calculate the d(k) is the same as a set of operational
data (u(k), y,(k)) measured in advance. u (k) is calculated by the

controller. d(k) is calculated by the following Equation (7).

d(k) = uy (k) — u, (k)

= 1y (k) — (11, (k= 1) + Ky, (K) = K , Ay, (k) — K , 0%y, (K)) @)

The reference model G, (z') can be expressed by the following
Equation (8) using the G, (z!) in the FRIT method.

G,,z"=G, (z'l)(%] (®)

Therefore, output é(k) of the reference model G, (z') is calculated
by the following Equation (9).

R __z%(l)[&]i 9
é(k)=G, (z)d(k) = Y d(k) 9)

The setting method of P (z™) is the same as the FRIT method, and
parameters oand dcan be set different values from system1.
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Figure 3 Block diagram of the proposed method using the Fictitious
Exogenous Signal.
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2.3. Genetic Algorithm

The GA was used to minimize the value of the evaluation func-
tion [4,5]. The evaluation function is defined by the following
Equations (10) and (11).

[System1]

], = %i( 2ok = 300 (10)
[System2]

J, = %i(eo(m —&(k))’ ()

N, and N, indicate the total number of steps of operational data in
the system1 and the system2, respectively. In the system1, a desired
response characteristic can be obtained by defining the difference
between the reference model output j(k) and y (k) as an evalua-
tion function and setting PID parameters to minimize the evalua-
tion value. When the evaluation value is low, the fitness is high and
PID parameters are better. The system?2 is also the same.

First, initial individuals K , K, and K, as genes are randomly gen-
erated, and initial evaluation is performed. Individual with high
fitness are considered elite, and carry over to the next generation.
Next, crossover, tournament selection and mutation are performed
based on the evaluation values. These procedures are repeated in
each generation, and PID parameters are obtained as the gene of
the individual with the highest fitness in the final generation. In
this paper, the GA was calculated using Matlab under the condition
of 200 individuals and 200 generations.

3. NUMERICAL SIMULATION

To verify the effectiveness of the proposed method, a switch-
ing system of the first order lag systems was set as the following
Equations (12) and (13) and a simulation was performed.

|[System1]]
|
= e ™ 12
' 1+50s (12)
[System2]
|
= e 13
> 1+60s (13)

3.1. Conventional Method (CHR Method)

The following Equations (14) and (15) were calculated by discret-
izing the equations above at the sampling time T, = 1 s, and are
obtained, respectively. Here, the Gaussian white noise with mean
0 and variance 0.01 was given by §(k). Furthermore, in 250 steps,
the system was switched from the systeml to the system2. The
effectiveness of the proposed method was verified. Reference is
r(k) = 10.

[[Systemlﬂ
y(k) =0.980y(k —1) +0.0990u(k — 3) + £(k) (14)

[[SystemZ]]
y(k)=0.984y(k —1) + 0.0165u(k —3) + & (k) (15)

First, a simulation result using PID parameters calculated by the
CHR method was shown in Figure 4. The PID parameters are
shown in Table 1.

In Figure 4, it took long time to follow the Reference r(k), and the
responsiveness of the systeml is not good. The fixed PID param-
eters corresponding to the systeml has particularly small propor-
tional gain K . Therefore, input u(k) is moderate at the switching
time, and the output variation after switching to the system?2 is large
and recovery time is long. The control performance is not good.

3.2. Proposed Method

Figure 5 shows the control result of the proposed method. The PID
parameters for the system1 are calculated using the FRIT method,
and the PID parameters for the system2 are calculated by adjust-
ment method using the Fictitious Exogenous Signal. u (k) and y (k)
that obtained by the CHR method were used as a set of the opera-
tional data in order to calculate the PID parameters for the system1
and the system2. Table 2 shows the PID parameters. As shown in
Figure 5, the response of the system1 is faster than the conventional
method, and the desired output was obtained. In addition, the
output variation after switching to the system2 is less than 1/4 as
compared with the conventional method, and good control perfor-
mance is obtained. The PID parameters for system?2 is larger than
that for system1. Therefore, the response of input u(k) is faster and
output variation can be suppressed.

It was confirmed that the responsiveness after the system
switching was improved by considering the system fluctuation
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Figure 4 Simulation result by the CHR method.

Table 1 PID parameters calculated by the CHR method

K K K

P i d

Systems] and 2 3.0 0.06 3.0




M. Kozui et al. / Journal of Robotics, Networking and Artificial Life 6(2) 118-122 121

12
10— N—
U
8h
U
> 6ff
U
44 —Output
2l === Desired output
o | ! | | ----Reference
0 100 200 300 400 500
step

0 100 200 300 400 500
step

Figure 5 Simulation result using the FRIT method and the Fictitious
Exogenous Signal.

Table 2 PID parameters calculated by the FRIT method and Fictitious
Exogenous Signal

14 i d
System1 1.60 0.07 3.19
System2 18.4 0.73 20

as a disturbance input and applying the adjustment law using
the Fictitious Exogenous Signal.

4. CONCLUSION

In this paper, a method of controller adjustment law using the
Fictitious Exogenous Signal for a system that switched characteristics

Authors Introduction

in steady state was proposed. In the proposed method, the system
fluctuation was regarded as a disturbance input, and the trans-
fer function from the disturbance d(k) to the control error e(k)
was constructed as the reference model G, (z™'). The Fictitious
Exogenous Signal calculated from a set of operational data was
input to the reference model G, (z). It was confirmed that a con-
troller with a good disturbance responsiveness can be obtained by
adjusting the PID parameters to approximate the reference model
output é(k) to the control error e (k).

In the future, the proposed method will be applied to an actual
machine to confirm the effectiveness.
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