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Abstract

PID control is widely used in process systems represented by chemical processes and petroleum refining
processes. The reason is that PID control has a simple structure. However, most of the existing systems
are non-linear systems, and it is difficult to always obtain good control results with fixed PID control.
Therefore, in this study, we propose a method of tuning the PID gain according to the deviation (control
error) of the control result, and verify the effectiveness of this method through experiments. For self-
tuning PID control using a local linear model, we propose a program that performs PID tuning only when
the deviation occurs with a certain magnitude. A simulation is performed on the Hammerstein model,
which is a non-linear system. As a result of the experiment, the number of PID gain changes could be

significantly reduced.
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1. Introduction

PID control [1,2] is widely used in industry, especially in
process systems such as chemical processes and oil
refining processes. PID control is widely used in industry,
especially in process systems such as chemical and oil
refining processes. However, the characteristics of many
real systems vary according to environmental and
operating conditions, and they include nonlinear systems.
Therefore, it is difficult to obtain good control results
with fixed PID control. For this reason, methods using
machine learning and data-driven control [3,4] have been
proposed as effective control methods for nonlinear
systems. However, since these methods perform PID
tuning at each step, the computational processing load is

large, and only high-precision computers can handle
them.

In this paper, we propose a method to tune the PID gain
only when the control result does not follow the target
value. In this method, a threshold value is set for the
deviation, and PID control is performed only when the
threshold value is exceeded. If the deviation is smaller
than the threshold, the PID gain is not changed.
Simulation is performed on a bilinear model, which is a
nonlinear system, to verify the effectiveness of this
method in reducing the computational load and focusing
on the control results. A method of tuning the PID gain
according to the deviation of the control results (control
error) is proposed, and the effectiveness of this method is
verified through numerical examples.
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2. A design of a self-tuning control system using
a local linear model that performs PID tuning
according to deviation

The block diagram of the proposed control system is
shown in Fig. 1. The authors have previously proposed a
method for calculating control parameters using the idea
of the local linear model method [5]. This method can be
used to control a nonlinear system by creating a locally
linear model. In the proposed control method, the
deviation is evaluated for a self-tuning control system
using a local linear model.

2.1. Ssystem description

First, consider the discrete-time nonlinear system
represented by
y(®) = fle(t—1)) 1)
where, y(t) represents the system output and f(*)
represents the nonlinear function. Also, @(t-1) represents
the state of the system before time t-1 (historical data)
and is called the information vector. The information
vector @(t-1) is defined by the following equation.
pt—-1)=[yt—-1), yt—2),-,y(t—ny)
u(t—1),u(t—2),,u(t—ny)] (2
Furthermore, u(t) is the control input, and n,, and n,, are
the orders of the output and input, respectively. Now,
suppose that the nonlinear system represented by
equation (1) can be locally represented by a linear model
as follows
Az Dy (©) = z7*m* DB (2 M u(t)
i=12--,N) 3)
where, in Eq. (3), km represents the minimum estimate
of the lag time, and when the lag time is known, km is set
to that value; when the range of the lag time is unknown,
k,, is set to 0. Furthermore, z~1 represents a time-delay
operator, meaning z ly(t) = y(t — 1). Also, A(z™1)
and B(z™1) are given by
Az Y =14+az7 ++ Ain,z2" " 4)
Bi(z™") = by + b1zt + o+ by 2™ (5)
After the above preparation, the controller is designed for
the local linear model.

2.2. Controller Design

Design the controller based on the following steps.
[STEP1] Construction of multiple linear models

y(t)
r I Threshaold @ 7
t switching
PID é‘ Local Linear
Parameters Madels
r(t) I | y()
— Controller System

=l

Fig. 1. Block diagram

For the nonlinear model, multiple linear models are
constructed, system identification is performed using the
lumped least squares method, and the parameters of
Ai(z—1DandB;(z—1) (i=1,2,---, N; where i takes
these values unless otherwise noted) included in the
linear model of Eq. (3) are estimated. ) parameters in the
linear model.

[STEP2] Design of control system

For the linear model represented by Eqg. (3), consider the
feedback control law given by Eq.

R(z)y() + Sz )Au®) ~RQrey =0  ©
where, r(t) represents the target value at step t. R(z™1)

and S(z~1Y)are polynomials designed based on the pole
configuration of the closed-loop system, respectively.

R(z™)=ro+r, 2z +-4r, 27" -
Si(z) =145,z +-+5, 7" }
R(z™1) and S(z™!) are designed based on the pole
placement method. In this case, the input-output relation
of the closed-loop system composed of equations (3) and
(6) is expressed by the following Eq.

(K, +1) -1
z7"7B (2R Q)
() = ' —r(t
yi () Pz ) (t)
The denominator polynomial P(z~1) of Eq.(8) is defined
by the following Eq.

P(z7)=AA(z7)S(z7)
+27 B (z )R (zY)  (9)
It can be seen that P(z™1!) is the characteristic

polynomial of the closed-loop system. The following
equation is used to design this polynomial.

®)
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P(z')=1+pz™" +p,z7 (10)
ﬂ:—%ﬂcmdgj)
P,=¢" (12)
T
P=45

1:=0.25(1—5) +0.515
o indicates a parameter corresponding to the rise time,
and p is a parameter related to the damping
characteristics of the response, which is adjusted by 8.
Here, R(z™1) and S(z™1) are calculated based on Eq.(9).
In order to obtain R(z™1) and S(z™1) uniquely, it is
necessary to set their orders ton; = n, andn, =n, +
k.., respectively. In this way, the pole placement control
system can be designed for each linear model.
[STEP3] Replacement with PID controller
We have described a control method based on the pole
placement method. This method can be replaced by a
design method based on PID control if it is considered in
the same way as in Eq.(6). First, consider the PID control
law of the following Eq.

Au(t) = K, e(t) - KpAy(t) - Kp A y(t) (12)
where, K, , K; , and Kj represent the PID gain,
respectively. Furthermore, e(t) is the control deviation,
which is given by the following Eq.

e(t) =r(®) —y(t) (13)
Now, Eq.(6) is rewritten as follows
-1
( )ya)+Aua) ()ra) 0 (14)

In thls case, from equations (12) and (14), the PID
parameter is given by

KP:—nJ—ZQZ 3\
1%
K,:”°+”i+r > (15)
1%
r.
K, =—%
. 1% J

The above allows us to adjust the PID parameters based
on the approximate pole configuration.
vi=1+s,, +5;,

[STEP4] Calculation of weights
Next, for each local linear data calculated in [STEP2], the
estimation error &;(t) is calculated for each model, and

(16)

Design of local linear

the weight w; is calculated based on this. g;(t) is the
error between the system output value y(t) and the
estimated output value §(t) of each linear model. Here,
§(t) is calculated based on equation (3) by the following
formula
;) =A@ )y®) +z7 B (z)u()
17
where, A;(z™1) and B;(z™1) are the system parameters
of each linear model estimated in [STEP1].

e(t) =|y(t) - 9i (t)]
00 =2

ZL
(1)
i=1
In addition, w;(t) is the weight corresponding to the
selected i-th information vector. The smaller the
difference between the actual outputs value of the system
and each linear model, the larger the value of this weight.
Note that the calculation of w;(t) based on equation (18)
satisfies the following Eq.

ia)i(t)=l

[STEP5] Generation of weighted PID parameters

Using the weights obtained in [STEP4] and the PID
parameters in EQ.(15), calculate the weighted PID
parameters using the following Eq.

K(N) = zw(t)Km
K(i) —[K (i),K, (i), Ko ()]

3. PID tuning method in response to deviation

(18)

(19)

(20)

(1)

(22)

In contrast to the local linear model-based competitive
tuning PID control described in Section 2.2, this section
describes a method that performs PID tuning only when
a deviation of a certain magnitude occurs. First, we
define the threshold as 7, and the condition on 1 as follows.
> le(t)] (23)
The PID control described in Section 2.2 is performed
only when this condition is satisfied; otherwise, the
control is performed without changing the PID gain. Here,
the parameter 1T in equation (23) represents a design
parameter given by a certain positive constant. The
setting of this parameter requires some trial and error.

4. Simulation
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Fig. 1 Control result using the newly proposed PID control
scheme

In order to verify the effectiveness of this method, a
numerical example for a nonlinear system is presented.
The Bilinear model is used as the control target. The
Bilinear model, which is expressed by the following
equation, is considered as the control target.

y(t) = 0.4y(t —1) —0.99y(t — 2) + 0.3u(t —1)
—0.1u(t — 2) + 0.1y(t —L)u(t —1)
+0.05y(t — 2)u(t — 2) + &(t)

(24)

However, {(t) is a Gaussian white noise with mean 0 and
variance 0.012. The target value is given as follows.
1.0(0 <t < 100)
—1.0(100 < t < 200)
3(200 < t < 300)
6(300 <t < 400)
Next, based on the static characteristics, a linear model
corresponding to the control input range is constructed as
follows. However, the number of divisions is set to N=3.
The various design parameters included in this method
aren, =2,n, =1,and k,, = 0.
~4.0<u, <20
20<u, <34
34<u,;<4.0

Furthermore, the threshold t for determining PID tuning
issetto 0.1.

Fig. 2 shows the control results of the proposed method.
The points shown in Fig. 2 indicate where the PID gain
is being tuned. The results show that the number of times

r(t) = (25)

(26)

the PID gain is changed in the proposed method is only
56 step compared to 400 step in the conventional method
because the conventional method tunes the PID gain
sequentially, which is a significant reduction of about 1/7
times compared to the conventional method.

5. Conclusions

In this paper, a self-tuning control system using a locally
linear model that performs PID tuning according to
deviations for a nonlinear system is discussed. The
effectiveness of the proposed method was verified by
simulating a nonlinear bilinear model. In the future, we
plan to evaluate the control performance of the deviation

threshold setting using item response theory.
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