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The Design of sliding-and-classical controllers

for Improper System

Cheng, Chin-Chi Cheng, Chih-Chiang

Abstract

This paper is concerned with the development of a method for designing a
sliding mode and classical controller. The idea is based on defining the sliding
variable in such a way that once the system gets into sliding, the classical
controller transfer function can be realized, when realizing an improper
controller. The advantage of this sliding-and-classical controller is that it can
retain all the merits of both types controllers on one and eliminates their
respective limitations on the other. For the improvement of the existing design
method, the number of differentiation of the sliding surface is reduced. The
proposed method is robust and applies to non-minimum phase systems as well as
- systems with structural uncertainties. No state measurement is required.

Key word: Sliding mode controller » non-minimum phase.

Cheng, Chin-Chi: Instructer, Depertment of Electrical Engineering, HIT
Cheng, Chih-Chiang: The Associate Professor of NSYSU.



92 BYRHR F£=H ERBh+EIS

I . Introduction

These traditional continuous-data controllers are the most popular controllers for
industry, and have been widely used in many applications [1-3]. They are simple,
easy to design and mature in theoretical background. But there are also limitations
of these controllers. -One major limitation is that there should be low derivative
actions. This is necessary in order to avoid noise enhancement.

Sliding mode control has been studied for years, and has been successfully used
in many applications [4-7]. Yeung et. al.[8] has provided a novel designing method
for the sliding mode controller, which combines the design technique of the classical
controller and traditional sliding mode controller. This hybrid design method not
only incorporates the advantages of the sliding mode controllers and the classical
controllers, but also eliminates their limitations. But some disadvantages are also
found in this paper:

1. The sliding surface variable must have m, differentiators.
2. It lacks of theoretical analysis when system contains noise.

The object of this paper is to reduce the number of differentiators of sliding
variable. So that when an improper controller is implemented, the system will have

strong derivative actions but without noise enhancement.

II. Mathematical Model

Consider a linear time-invariant Single-Input-Single-Output plant described by

the output equation

y=G(pp+d @1
Np)

G(P) = |plant transfer function = ——)

degN(p)=m, degD(p)=n, m<n
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where p is the differential operator and d represents a large of possible signals. In
order to widen the application of the controllers, the disturbances, noise and model
uncertainties should be taken considered.
Consider a stable classical control system (reference fig.1)
u N
.@ = KGC(P) = K_APL) 2.2)
e(p) D.(p)
In order to improve the designing method in [8] and to realize the linear
improper controller (2.2) by the sliding mode technique, the continuous scalar

sliding variable can be chosen as

0‘=]—1§f%e—;l<—u=Gc(p)e—;l<—u (2.3)

where

Gc (p) = ch (p) + Gci (p)
G..(p)=N_(p)/D,(p) isastrictly proper transfer function.

In order to reduce the number of differentiator in (2.3) further, we can replace p

by (p/ep+1) in G_,(p) to obtain another transfer function G, (p), where & is

a positive number, i.e.,

 Na(p) . Nu(P)
Gl =D ) Do) @8
= Gca'a (p) + Gci (p) (25)

whete Ny, (D)= P + ¥ P™ 7 (€p+ D+ 470 (8P + )™ (26)

D, (p)=(ep+1)™™ Q2.7

In summary, if m_ < n_, the sliding variable is chosen as
ary Y (N g
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1
o= Gc(p)e—-lzu

ie. Ny(p)=0, D,(p)=1, N,(p)=N.(p)

but if m_, > n_, then the sliding variable is chosen as

- cha(p) Ncl(p) ___1_ = _i
a—(_—DM,,(P)-’._DC(P) )e Ku G..(p)e Ku 2.8)

II. Controller Design

After designing the sliding variable, the next step is to design a control effort u

to drive the system into sliding. ( reference fig.2)

(a) Introduction a nominal plant

A nominal plant model G,(p) with relative degree &, = J, is used to generate

a nominal output response according to

y=Gy(p)u | (3.1)
Then we obtain
c‘r=ch,,<pxy,,—ﬁ)+cha(p)é—7’;—u 32)

(b)Introduction of a filter

In order to generate a low-noise approximation signal v for pG,(p)e, an all-pole

filter of transfer function 1/W(p) is used to yield

_PG.(P) 5 _ PCeu(P) 5 PC.(P); (3.3)
W(p) W(p) W(p)
Using the filter in (3.3), the second term in (3.2) becomes
PG (pe=W(pv=v+p (.4)

Substituting (3.4) into (3.2) yields
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&=pG.,(D)y, =) +v+p- %u 3.5)

(c) Introduction of an auxiliary control

This is done by introducing an auxiliary control

~_ P
u=—u 3.6
K (3-6)
so that (3.5) becomes
&=pG,,(p)y, - y)+v+p-i 3.7)
Now let
= u +a, | (3.8a)
= PG (P~ )+ v+ K sat(-2) (3.8b)
where
~ (o}
u, = K sat(—) (3.80)
KS
1 for o2k,
sat(Tz-) = 7{“— for -K, <o<K, (3.8d)

-1 for o<k,
is the switching part of the auxiliary control, K and K are positive constants.

Substituting (3.8a) into (3.7) yields
6= —Kasat(%) +p (3.9)

s

It's very easy to verify that the sliding condition o& < 0 is satisfied in the regions

o2 K, if

K,>|d (3.10)

-4
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IV. Computer Simulation

In this section we demonstrate an example in which the sliding mode control
technique is used to implement a linear improper continuous-data controller [9]. We
design a sliding mode controller with the theoretical background based on the
previous sections. The results are simulated by using the software package
SIMNON-for Windows. |

The input-output frequency-response-matching method is used for modeling the

system. Its low-frequency linear approximate transfer function is obtained as

2505 + 47500

O = 230,015 + 6002357 60 @D
and the nominal plant is assumed to be |
Gol)=57 22350(:52 12)(())22 160 (42
The classical improper controller that we want to implement is
G.(s)= 1.5 x (s +20) x (s + 100) 4.3)

s+ 50

When d(t) is the disturbance, it is assumed to be

d(t)=0.15x (¢ - 0.01)? x exp(—- %) xu(t-0.01)  (4.4)

The reference input is the unit-step function. The parameters of the controller are
chosen as follows:

K,=15x10% K, =10 (4.5)

and the parameter of differentiator £=5x 107*
The filter with second order polynomial

W(s)=s>+2s+1 ' (4.6)

is also used in this case. The simulation result is shown in Fig.3.
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V. Conclusions

This paper introduces a sliding-and-classical controller by using sliding mode
sontrol technique. Not only a traditional improper controller can be realized, but
also is the noise enhancement problem avoided. Through the simulation of computer,
he sliding-and-classical controlling method can realize the improper controller and
woid the effects of the disturbance problem.
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Fig.1 A stable classical control system
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Fig.2 A sliding-mode control system
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