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ABSTRACT

Because of inaccuracy of modeling and parameteesuanement, the controlled systems are subjected by
the inaccuracy inevitably and the control of una@@rtsystems is studied by many researchers. Umterta
nonlinear systems partial state variables contgohnique is developed, and applied to single pemdul
systems. In order to make a certain state variabenptotically stable and adaptive parameters iiiyethie
uncertain parameters, using partial state stalitigpory and adaptive control method, two contrsllend
adaptive regulators are designed separately fostate variables and uncertain parameters. Ouraitans

can guarantee the uniformly ultimate boundednedbeofolution of the closed-loop system, and make t
tracking error arbitrarily small for uncertain paraters. Numerical simulation results illustrate the
effectiveness of the proposed controllers and agaptgulators.
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algorithm is proposed for output regulation of
uncertain nonlinear systems in output feedback

form under disturbances generated from nonlinear
In the actual control systems, there are man

nonlinearity facts. One often using linear contro%{XOSyStemS' In [5], they investigate the robust

. . . ; reliable Ho control for a class of uncertain

theory ignoring the nonlinearity of the control . Iy .
o : . nonlinear system. A unified framework for adaptive
systems, it is useful for the weak nonlinearityt bu. . . : .
iterative learning control design for uncertain

for the strong nonlinearity, one usually can ndt 9§, jinear systems is proposed, and according to the
expected control effect. Because of inaccuracy alue of a certain parameter gamma, the parametric

modeling - and parameters measurement, ﬂ(1jledaptation law can be a pure time-domain

controlled systems are generally subjected by .ﬂ}fdaptation, a pure iteration-domain adaptation or a

inaccuracy _inevitably. - Therefore uncertamcombination of both [6]. A hybrid control system,

nonlinear systems control is taken much attentloirr.ﬁtegrating principal and compensation controllers,

recently. . S .
. is developed for multiple-input-multiple-output
There is not a general control method for all th IMO) uncertain nonlinear systems [7]. In [8], an

uncerta_in nonlinear systems control. One tries t daptive fuzzy control approach is proposed for a
study kinds of uncertain nonlinear systems by many. <« of MIMO nonlinear systems with completely

means. !n [1] . by Incorporating adaptive nknown nonaffine functions, then in [9], external
backstepping design technique into a neurag.

network based adaptive control design frameworl&'smrbances appear in each equation of each

adantive backstenping desian is develooed for ubsystem and the disturbance coefficients are
puv Kstepping Ign 1S develop gSsumed to be unknown functions rather than
class of nonlinear systems in strict-feedback fomc]onstant one, and the universal approximation
V.V't.h qrbltrary uncertainty. In [2].’ the problem O.ftheorem of the fuzzy logic systems is utilized to
finite-time stabilization for nonlinear systems 'Sdevelop an adaptive control scheme for a class of
StUd!ed; _Fhey prove .that _global finite-time onlinear MIMO systems by the backstepping
stabilizability of uncertain nonlinear systems th echnique. For uncertain svstems breceded b
are dominated by a lower-triangular system can be kno(\)vn .dead-zone nonlinez};\/rity in I[310] a newy

achieved by Holder continuous state feedback. A . . !
scheme to design adaptive controllers is presented.

robust adaptive fuzzy control design approach 5 [11], they prove that the proposed nonlinear

developed for a class of multivariable nonlinear,.
. ) o isturbance observer recovers not only the steady-

systems with modeling uncertainties and externa :
ate performance but also the transient

disturbances [3]. In [4], an adaptive control®
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performance of the nominal closed-loop system
under plant uncertainties and input disturbandes. |
the uncertainties are bounded, while this bound is
not known, in [12], a Pl-adaptive fuzzy control
architecture for a class of uncertain nonlinear
systems is proposed that aims to provide added “a i i 15 2 25 3
robustness in the presence of large and fast but "
bounded uncertainties and disturbances. Based or
the integration of sliding mode control and adagptiv
fuzzy control, a novel adaptive fuzzy sliding mode
control methodology is proposed in [13].

In the engineering, because some state variables "> o5 1 5 3 28 3
of the systems are not available, partial state
variables or a single state variable control ispém Figure 1: The Curves Ok, AndX,

effective and easy to implement. In this paper, ) )

uncertain nonlinear systems partial state variables We give the curves of the state variabigsand
control technique is developed for a class ok, of systems (1) using Matlab software in figure
pendulum systems. In order to make a certain stafe iy which =1, 7=2 and =3 . Obviously,

variable asymptotically stable and adapt'vfasfistems (1) are not asymptotically stable. The main

parameters identify the uncertain parameters, usi rpose of this paper is designing controlierand
partial state stability theory and adaptive contr P pap gning

method, two controllers and adaptive regulators arg: for control systems (2) to ensure a certain state
designed separately for two state variables andriable asymptotically stable.

uncertain parameters. Numerical simulation results _
% = ex, + htanx, + u,

illustrate the effectiveness of the proposed @)
controllers and adaptive regulators. ¥ = - gsinx, + u,
2. UNCERTAIN PENDULUM CONTROL 3. PARTIAL STATE VARIABLE

SYSTEMS CONTROLLER DESIGN

Pendulum is also named mathematical pendulum, |n order to design partial state variable controlle

and it is an important model in physics for itsor systems (2), we introduce two lemmas. Consider
various dynamical behaviors. According to NewtoRjifferential equations

laws of motion, if considering environmental
damping and external driving force, simple ax _
: . =f(t,x) 3)
pendulum movement is a two order nonlinear dt
differential equation. Because of inaccuracy of ,
modeling and parameters measurement, in tigWwhich
process of model establishment for pendulunf (t,X)OC[IxR", R'], f(10)=0,x = coly,z)=
dynamical systems, uncertainty is inevitable. Ther&o|(xl' A S S sl - 3

we consider a class of pendulum systems as follows
y =col(X, %,..., %, )0 R,

~ ' (1) Z2=COl(Xpu, Xpegseos X )0 R,
S s asinx, (m+ p=1),
in which x; and ?(2 are state variablesg, /7 and ||x|| - (Z”: >§2)1’2,||y|| - (Zm: X2)2
@ are uncertain parameters produced by the -y =
process of system modeling. ” " (Zn: 2y
Z|:= ) i
i=m+l)g

¥ = ex, + htan x,

Lemma ¥ A necessary and sufficient condition
of function v(t,x)OC(IxR',R, and V(t,0)=0
positive definite for y is [Cg(r)yok in
Q:={x||x| =< H} satisfying

773



Journal of Theoretical and Applied Information Technology
31" December 2012. Vol. 46 No.2 B

© 2005 - 2012 JATIT & LLS. All rights reserved-

SATIT

ISSN: 1992-8645 www.jatit.org E-ISSN17-3195

V(L x)z4(y])- (4) K

Lemma 2 If function v(t,x)OC(1x R, R,and 2
V(t,00=0 satisfies(4), and its derivative makes

%La)s—c("y”)(cD K), trivial solution of j

differential equations (3) is stable fpr

3.1 Design Controller u, Making x, -
Asymptotically Stable
In theorem 1, we provide controllar, and 2

adaptive control law(t) . .

Figure 2: The Curve OK,

Theorem 1 Controlleru, and adaptive control w0
law I (t) in (5) make state variablex, of the
pendulum control systems (2) asymptotically stable. 3

] 5 10 15 20

u, = g(t)sinx, - x, ime
. Figure 3: The Curve OK
N (5) .
[&= - X, sinx,
in which | (t) = g(t)- q. We study asymptotically stability of partial
variables in this paper. Now our main purpose is
Proof Take a Lyapunov function control state variablex, , and makes it
1, , asymptotically stable. From figure 2 and figure 3,
1 X2) = 5% we can seex, is asymptotically stable, and not
V(t ;) = 2(X +1(1)°) (6) , | icall bl d

for the pendulum control systems(2). AccordindOrX. - It illustrates that adaptive control parameter
lemma 1, it is positive definite fax, , and its g(t) recognizes uncertain parametét of the

derivative along the systems (2) is as follows pendulum control systems rapidly in figure 4.
dV kR
— | =x%+ (& .
ot |y 2%+ 1 (1)

26

X,(- gsinx, + u,)+ | ()& 2
X,(- gsinx, + g(t)sinx, - x,) (7) !
- (g(t)' q)xz Sinxl .0

= - 2 o 5 10 15 it
=-X"£0

time

1
il

By the lemma 2, the control systems (2) are Figure 4: The Curve OB(t)

asymptotically stable for state variakle
3.2 Design Controller u, Making X,
Then we employ Matlab program to simulate the Asymptotically Stable

control effect of the controlleu, and adaptive

control lawl (t) . The results are shown in figure 2- N the flowing, we design controlles, and

4, in which the uncertain parameters are chosdfiaptive control laws to make, asymptotically
ase=1, =2 andd =3. stable and to recognize any given uncertain

parameterss and 77 in theorem 2.

Theorem 2 The controlleru, and adaptive
control laws described in (8) makex,
asymptotically stable.
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u, = (- a(t)® + a(t)xt) - h(t)? Figure 5 and figure 6 are the control curves of the
+b®)] )X, - a(t)x, - b(Dtanx state variablex, andx,, from which we can see

: ! 2 ! that he state variablesx, has very good
B= xx, + (a(t) - X1)x’ asymptotically stability with the effect of the
o o 2 controller and adaptive control laws. Figure 7 and
J&= xtanx, + 0 (- J O figure 8 are the curves of the adaptive control

in which x(t) = a(t)- e j{t)= bt)- h. parametersa(t) and S(t) , and they show that
a(t) and S(t) can respectively recognize the
values of uncertain parametessand;, and have
very good real-time trait and strong robustness.

Proof choose a Lyapunov function

VEX)= S0 X)) @)

for the pendulum control systems (2). Apparently, i
is positive definite fox,, and its derivative along

the systems (2) is as follows

dv o )
| = X8+ xR ] (D
dt (2) 2
= x,(ex, + htanx, + u,) s : K T n
+ X(t) (X%, + (a(t) - X1))x?) (10) Figure 7: The Curve Ofr(t)
+j O tanx, + 0 ) OX) '
= - (€ + )X, il
£0

According lemma 2, the control systems (2) are s
asymptotically stable for state variakle 2

In order to further check the effectiveness of the K ; T i 0
controller and adaptive control laws described)in(8 "
we use Matlab software to simulate the result ef th Figure 8: The Curve Of(t)
control sygtems (2) with the effect of the congoll 4 CONCLUSION
and adaptive control laws. The results are shown in
figure 5-8, in which the uncertain parameters are
chosenas=7,n7=6 andd=1.

In the practical application, the control systems
often have some uncertainty, and the problems of
" partial variable control are paid attention to iamy

cases. In this paper, using Lyapunov stability
theory, and employing adaptive control method, we
\ﬁ studied the problem of designing partial state

variable controllers and adaptive laws for a clafss
pendulum uncertain control systems. Two partial

state  variable controllers were designed
: T * respectively, and adaptive control laws were given
Figure 5: The Curve OK, for the uncertain parameters of a class of pendulum
uncertain  control systems. The numerical
simulation were carried out, and it shows that the
' controllers and adaptive control laws are simpla an

easy, directly perceived through the senses, and
have strong robustness, good control performance,
and good application.
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Figure 6: The Curve OK,
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