= HERES KA
Control Theory & Applications

Vol. 31 No. 8
Aug. 2014

931 B2 8 M
2014 4 8 H

DOI: 10.7641/CTA.2014.30977
—RAE AR Lt R G PO T e B &

Xl 5 At
CRRRHSR S WU S (i B i re 44 B S0 =, IR WV 411201)

W ARSI T — A8 oA SO AR M R e PRl 8. A RIE RS TUE TERE, TIN T — M P
5T Lyapunovief 4. 454 RIEWTIE, g T —Fo i FUERNAE IR, HHe 550 45 R B, i bilas AMUARIIE T
RETiErERe, BAR AT ARG A E S A5

K§EIR): AR RS, AW T tERE; B Lyapunov R 4L

RESES: TP273 SCERFRIZED: A

Adaptive control for a class of uncertain nonlinear systems
with prescribed performance

LIU Yong-hua'
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Hunan University of Science and Technology, Xiangtan Hunan 411201, China)

Abstract: The prescribed performance control problem is investigated for a class of uncertain nonlinear systems in
strict-feedback form. To ensure the prescribed performance, a simple barrier-type Lyapunov function is introduced. By
following the backstepping approach, we develop a novel adaptive control algorithm. It is shown both analytically and
numerically that the proposed control scheme is effective in ensuring the prescribed performance and maintaining the

boundedness of all signals in the closed-loop system.
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Fig. 1 Prescribed performance tracking error

®iZ3 RFEOHHIRZEVIGE(0), WL e
PEREF, Moy (0) < e(0) < ¢ (0).

P H b BT B, A R G (D y R EE—
NG E DG S By g, WL e PEREF, HARUE
W RSG5 5t
3 H &M% #l 8% ¥ v (Adaptive controller

design)

TEBVHETIER 2/, e~ 2

I HZ={¢ecR:|{<1}CRN =
R x Z € RIFUIFEE. ZIBWTT R4

n="h(t,n),

Hr:n=[w, " e N, h : Ry x N — RFH
AAER . EOCT IRy BOESE, HAEN A OC T nidi 2
Jai 3 — ELipschitz 4k £, 8 A7 75 3% 22 v 1l IE 78 1R
BU R xRy - R,V Z — Ry, iie oI R:

€] — L,Vi(§) — oo,

Ya(llw[l) <Uw, 1) < v2([[wl]),
Horfiyy, o b Koo BRI

V() =Vi(§) +U(w, 1), £(0) € Z. % FHIA

ST
oV
~on
st > 0,£(¢) € Z.
S 208 XHMTE|a| < 1, A%
1 a?
1—a? " 1-—a?

y h<0, &€ Z,

log



%83 NNB A — A e R R AT PR e 1 N5 6l 1125
FEME AT, T AL bR Ti=Tio1+ Lziw;, i =2, ,n, (15)
=1 — Ya, ) 0—r, (16)
Zi=T; — Qio1, ©= 2,000 ,0, ©)  Hr: ¢ = (ya,00,90)" c; WIEMBTHEEL i = 2,
Mmooy hy B 20 RS ). 5.
FB1 HEHREE R e =y — yq = 2, B I 1 BR300 A T E BT &

FBERS Y Lyapunov PR

1 1

Vi=glog— 167TF—1[9', (7)

—¢e 3
o éﬂveﬁ’a{mﬂﬁ, 6=0-0;I=I">0k
TR RO,

= (‘Po + Pg )
900 — %o
TR A o AR 1 pR KR
1 1
ar=—(=0"fi — 121 + sei(py +of) +0),
g1 2
®)
281 f1
— , 9
A — ) )
Hodre MIERIBE TR AL

M) AT REE] < 1, VAR AR LA H AT,
VRS, WA
. 0152 259122
Vi=-— + +
B e (S [
6"r'6-n), (10)

S
2Py —&0) — oo + 0 er
¥0 — P
FSCIR (2171 745, R )

U:yd"i‘

SR i(2<i<n)
Pl o MR YRR Hr, 4
1 ~
Qg = 7(_0’1‘(&)2 — CoR9 —
92
2801 day

— + q1T2 +
1-&)(of —wp) Oz "

1 8a1 (jJrl) 8a1
: 11
];) 8C<J>C 00 ) .

o; = *(—BTQJZ — CiZ; —
9i

Gi—1%i— 1+Z 8113

Jj= J

g] J+1 +

1 0oy 1 ooy 1

- (.7"1‘1)_'_ v TZ+
i=o 0CW ¢ 00
i—1

wi)7 7':37 >y 1, (12)
U= Qup, (13)

~1 Hoy_
wlzflvwz fz Z i 1f]> (14)

j=1 6.%'

(1), KAL) HENE6), W RS 5 H R
ERR 2 el T E M REF, H

[ ORUE RS R 1E 5 5t
WE O TR TR BN R HAT S, s L
Lyapunov PR % : 1
V=Vi+> -z (17
i=2

£5430(8) (1 D)-(13)FI(16), WV RS, 7[1F

2
1615 —Zc, . (18)

g
th 18 823, 05 (0) < €(0) < 2 (0)(EME(0)] < 1),
|

MRAES B0 A, Xt > 0, [£()] < 1.
AR5 132, F
V<—clogy i i:izcizf (19)
A9 AT 40, Vi — A e i 2, PRI, & 247 FE,
i=2,---,n. f¥¥ELaSalle-Yoshizawa & FI,

1
tlil’{.lc IOg 1_752 = 0,

ﬂ?%tlim £=0,R

- +
lim e = u
t—oo 2
E 2 SIFLAE RSB P g T Ok A 1, 1
X (D)1 )—-(13)(16) 4 1 I 3 R 48, #71€(0)] < 1A

B 3), B¢ < IEV < 0 (LR (18)), WXt > 0, [¢|
<1

3 AUEEL A, EROE AT R e + ot =
0, a3 IR {f REPREFR 22 A i fee .

TE A STHR 45N 9 2 e bR B, K
AN LA, ST — e P Re il ds, 2R
1M, SIS SO Th ARk R, B n T
g B AFERE RS UM RE . S ANTR], A SOl 5 ES
M Lyapunov B £Y, W EFARUFTIVE M RELTIR.

ES BUEMERZAIRe, <e< ol TENpy +ya <
Y < of + ya, B R GEC)I TIE 1 BE 20 5 1) 8 n] % 4k A R
SR B AR 2R ) R 5 SCRR (17 IAH B, AR SCIE R T —
AT BEAS T Lyapunov BR AL VY, A A AT e v o4 il 5 14
B TR, ARSCER — 2 AU R T o o T A8 AN S5 Ui
i, IR T Pl 2 i Ry



1126 Bodl B iS5 N
4 {iE3EHI(Simulation example)
eI N — AR R 4
5231 = 0121705 4 15, (20)
To = 92x1x§ + [3 + COS(JJl.TQ)]U, ‘QS:
<

Horb y = w1, REEBFBEH
6 = (01,0,)" = (1, 1)".

RGQOVREHIIRFA A2, (0) = 0.5, 22(0) = 0. #
HBEH L yy =sin t, T ERER S oy (1) = ¢~
—0.05, @i (t) = et +0.05(t Hpt = 0.05). ik

U2
10
01"
(35 N SR
6(0) = (6,(0),6,(0))" = (0.2,0.3)".

AR )7 2L 25 S R 2-5 . 2505 T A Sk
ST R G R A T TR, AR
IERE(p™ + @ = 0). B3 KAl A, 4
(5 385 7 5 37 2 500, 0y, TS Shy ot 735 kg P L

2. iR Rt DR T A S A R
.

Clzl,ngl,F:

€, 95, 5

t/s
2 ot EREATERE
Fig. 2 Output tracking performance

051

0.0

-0.5 b

_1. 1 1 1
0 20 40

(=]

t/s
K 3 il A
Fig. 3 Control input u

024 i

040 1 1 1
0 20 40 60

80
t/s

Kl 4 HIERNZH0,, 0
Fig. 4 Adaptive parameters 61, 65

2.0 T T T

Kz

20

40 60 80

t/s
5 K&z
Fig. 5 State zo

5 458 (Conclusions)

BEXT— AN A% SOBEARZME R G, AR T
Tl B3 A5 Y Lyapunov b8 25 1 e T R4
TS, S5 OCHR (41 7R TG, ARSI 1 R 7Y
Lyapunov pF 0 n] B4 O/ 1UF 2 28 7 1 fig, 8 e 1 3¢
HR (4] T 22 e 0 bR BB 2 125 T A B0 U S S BT SR 1 I
HMe. 5 SCHR (1717025 RLLAL, ASCHEIE T N S L)
BrihG 2 Lyapunov pRi %, HEE—Dievlrhlife 7 A
SRR HEAR, TR T I s P i S ) S 2
HORSEPE T2 0 TR A SO A R
AR R G D, aARDr Al R B E S R G5

S ik (References):

[1] ISIDORI V. Nonlinear Control Systems [M]. New York: Springer-

Verlag, 1989.

KRSTIC M, KANELLAKOPOULOS I, KOKOTOVIC P V. Nonlin-
ear and Adaptive Control Design [M]. New York: John Wiley &
Sons, 1995.

ASTOLFI A, KARAGIANNIS D, ORTEGA R. Nonlinear and Adap-
tive Control with Applications [M]. Berlin: Springer-Verlag, 2008.
BECHLIOULIS C P, ROVITHAKIS A. Adaptive control with guar-
anteed transient and steady state tracking error bounds for strict feed-
back systems [J]. Automatica, 2009, 45(2): 532 — 538.
BECHLIOULIS C P, ROVITHAKIS A. Robust adaptive control of
feedback linearizable MIMO nonlinear systems with prescribed per-

(2]

(3]

(4]

(3]



58 1

G —RAE AL ERGURTOE VERE A 18 N A7

1127

(7]

[10]

[11]

[12]

formance [J]. IEEE Transactions on Automatic Control, 2008, 53(9):
2090 —2099.

WANG W, WEN C. Adaptive actuator failure compensation control
of uncertain nonlinear systems with guaranteed transient performance
[J1. Automatica, 2010, 46(12): 2082 — 2091.

BECHLIOULIS C P, ROVITHAKIS A. Robust partial-state feedback
prescribed performance control of cascade systems with unknown
nonlinearities [J]. IEEE Transactions on Automatic Control, 2011,
56(9): 2224 —2230.

ZHANG X, LIN Y. Adaptive control for a class of nonlinear time-
delay systems preceded by unknown hysteresis [J]. International
Journal of Systems Science, 2013, 44(8): 1468 — 1482.
KOSTARIGKA A K, ROVITHAKIS G A. Prescribed performance
output feedback/observer-free robust adaptive control of uncertain
systems using neural networks [J]. IEEE Transactions on Systems,
Man, and Cybernetics, Part B: Cybernetics, 2011, 41(6): 1483 —
1494.

BECHLIOULIS C P, DOULGERI Z, ROVITHAKIS A. Neuro-
adaptive force/position control with prescribed performance and
guaranteed contact maintenance [J]. IEEE Transactions on Neural
Networks, 2010, 21(12): 1857 — 1868.

BECHLIOULIS C P, DOULGERI Z, ROVITHAKIS A. Guarantee-
ing prescribed performance and contact maintenance via an approx-
imation free robot force/position controller [J]. Automatica, 2012,
48(2): 360 — 365.

KOSTARIGKA A K, DOULGERI Z. Model-free robot joint position
regulation and tracking with prescribed performance guarantees [J].
Robotics and Autonomous Systems, 2012, 60(2): 214 — 226.

[13]

[14]

[15]

[16]

[17]

[18]

KOSTARIGKA A K, DOULGERI Z, ROVITHAKIS A. Prescribed
performance tracking for flexible joint robots with unknown dynam-
ics and variable elasticity [J]. Automatica, 2013, 49(5): 1137 — 1147.

NGO K B, MAHONY R, JIANG Z P. Integrator backstepping us-
ing barrier functions for systems with multiple state constraints [C]
/IThe 44th IEEE Conference on Decision and Control, and the Euro-
pean Control Conference. Seville: IEEE Service Center, 2005: 8306
—-8312.

TEE K P, GE S S, TAY E H. Barrier Lyapunov functions for the con-
trol of output-constrained nonlinear systems [J]. Automatica, 2009,
45(4): 918 —927.

TEE K P, GE S S. Control of nonlinear systems with partial state con-
straints using a barrier Lyapunov function [J]. International Journal
of Control, 2011, 84(12): 2008 — 2023.

TEE K P, REN B, GE S S. Control of nonlinear systems with time-
varying output constraints [J]. Automatica, 2011, 47(11): 2511 —
2516.

REN B, GE S S, TEE K P, et al. Adaptive neural control for output
feedback nonlinear systems using a barrier Lyapunov function [J].
IEEE Transactions on Neural Networks, 2010, 21(8): 1339 — 1345.

Ve @A

XHBHE (1986-), B, Wit, HFFT7 AR AN L &R

HHP N, E-mail: yonghua.liu@outlook.com.



