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A Simple PI-Extension Controller

CHEN Zherryuan', WENG Qing chang®

(L Dept. of Electronic Engineering, China Institute of T echnology
No. 245, Sec. 3, Yerr Chir Yuan Road, Taibei, China;
2 Dept. of Electrical Engineering Tamkang University Tamsui, Taibei, China)

Abstract: A simple extension contwller, using the type of Proportionat Integral (Pl) , is proposed. On the basis of
the concept of extension set. A novel method for determining the amount of control will be discussed. The universe
of discourse regarding to the defined extension dependent function can be firstly partitioned and labeled in some
regions. We then show that the resulting control is the linear combination of the grade of extension dependent func-
tion and the labeled number. Essentially, the expert knowledge and the experience of a skill operator can be enr
bedded in extension cortroller design. Broadly speaking, the design of extension controller is easily than that of
fuzzy controller. Finally, the proposed simple extension coniroller is used to control a linear process, and its effec-
tiveness and abiliy is vertied.
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0 Introduction

It is well known that most control techniques implemented in industrial processes are Proportionalt Iir

tegrat Dervative ( PID) controllers for its simple structure and a mot bad perfomance in various applica

U~21 However, it usually needs to tune the parameters mutually by a skilled operator. In particular,

[3- 6

tions
in order to improve its performance the fuzzy set is incorporated to dynamically change the parameters
Since the fuzy controller was proposed, it becomes a powerful design technique i physical applica

tions' ™

"' The great advantages of the fuzzy controller are that (1) the human knowledge and experiences
can be integrated in the fuzzy controller design for some specific applications and (2) good robustness and
adaptation. Generally speaking, the mentioned controllers above are not easy to implement; especially,
when we do not have enough expert knowledge about a process. Therefore, a time consuming process is re
quired in designing such controller. In this paper, an effective extension controller will be developed,
which may be a good solution to overcome the previous mentioned disadvantages.

Extersion engineering method initial proposed by Prof. Cail "' Tt has been successfully used in varr

112161~ Although the ntrol concepts have been widely discussed, the development terr

ous applicat ions
dency of extension control is fare ill so far. This is because that the transformation strategy in extension err
gineering is not given clearly. As we mentioned in another paper, there are two main disadvantages in corr

trol filed if we employ the extension set to implement a control task!'™. First, although the concept of ex
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tension set is alluringly, a well structure of extension controller is wanting so far. Secwnd, the valua ion set
in the dependent function of extension set is bounded in(- o0, 1], thus there arise a serious problem, that
is, what kind of strategy should be utilized to design the extension cntroller based on the defined extension
sets. In his paper, a very simple Proportional- Integral ( Pl) extension controller will be ntroduced.

The remaining of this paper is organized as follows. In Section 2, the structure of a simple PI type ex
tension controller is firstly presented; the designing of extension controller that motivated from the grade of
dependent function and the labeled number is then derived. In Section 3, a simulation example for a linear

system is used to illustrate the performance of the proposed controller. Finally, the conclusions are given in

Section 4.

1 A simple PF extension controller

In this section, the structure of PFextension controller is first introduced, and then the operation of

controller is given. The block diagram of the extension controller is shown in Fig. 1.

The error and the change in error of the sys e
tem are respectively defined by r @ Extension | cy Process Y .
e(k)=r—y(k), (1) + 7 _ce Controller

ce( k)= CLBi=elk=1) = k= 1) (2)

where 1 is the reference input, y is the sysem Fig.1.Block diagram of proposed extesion controller
output, and T is the sampling time interval. The

control input of the extension controller is adopted by the following PFtype.

u(k)=u(k- 1)+ a(k). (3)
The change in control input, ac('k), is resulted from the extension controller. To begin with, suppose that
the extension dependent functions for the error and change in error are shown in Fig. 2 and Fig. 3, re
spectively. It can be seen from Fig. 2 and Fig. 3 the universe of discourse are, respectively, bounded in
[— ema, €max] and [ — cemax, ®@max] . Furthermore, we divide the extension region into 2n+ 1 subinter
val. For example, there are overall n subinterval from the label 1 to n in the positive error. The extension

controller is constructed as

cu(k)= - Kife)= Ki(ce), (4)

Fig. 2 Extension dependent function of error ¢
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where the i and j are respectively the labeled number for the error and the change in error; Ki(e) and
K;(ce) are the values of extension dependent fundion of error and change in error with respect to the la
beled number ¢ and j. For simplicity, we allow the extension dependent function have the same slope in
each subinterval. In addition, the labeled number is given as a successive integer number. From the struc
ture of extension controller we have consiructed, intuitively, the system performance may be affected by
(a) labeled number, (b) dependent functions, and ( ¢) universe of discourse. Compared with the fuzy
controller, the proposed extension controller is easily than that of fuzzy controller from the viewpoint of the
structure of controller, dependent fundions and the inference algorithm.

%k

1

Fig. 3 Extension dependent function of change in error ce
2 Simulation results

In this section, to exhibit the performance of the proposed extension controller, a simulation example

is employed. The transfer function is given as
1

s2+ 35+ 2

The step output response for this process with the proposed exterr 12

G(s)= (5) 1.4

sion controller is shown in Fig. 4. Simulation conditions are given as:

0.8

i€70,1,23,45/,j€(0,1,23,4,5), T= 5ms, [ - emax, g g
emax] = [— 1.5, 1.5],[— cema, Clmax]= [— 1.5, 1. 5] 0.4
. 0.2

3 Conclusions 0

0O 5 10 15 20 25 30
In this paper, asimple PI- extension controller is studied. The

structure of the proposed controller is easily implemented. The deter- Fig.4 Setp response
mination of the extension dependent fundions is easy to understand based on the concept of extension set.
We show that the change in control signal that results from the extension controller can be realized directly.
Simulation results show the effectiveness of the proposed control scheme of the extension controller. Further
research will focus on the adaptation and robustness analysis of such extension control systems.
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