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New results on adaptive tracking by output feedback for
a class of uncertain nonlinear systems

SHANG Fang, LIU Yun-gang, ZHANG Cheng-hui
(School of Control Science and Engineering, Shandong University, Jinan Shandong 250061, China)

Abstract: We consider the adaptive practical tracking control by output feedback for a class of uncertain nonlinear
systems. This class of systems has an uncertain control coefficient and unmeasured states dependent growth with growth
rate of polynomial-of-output. To deal with the difficulty caused by this control coefficient, we extend the existing K-filters to
new dynamic K-filters with high gains; based on which we construct a state observer. Then, the adaptive tracking controller
by output feedback is successfully designed using the backstepping technique. It is shown that if the design parameters are
suitably chosen, the designed controller guarantees the closed-loop system states to be globally bounded, and the tracking
error to converge to the prescribed small neighborhood of the origin after the elapse of a long time.
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EEMEVLLE0, Ty) A 5 m. dtmfd (e, n, 2)
1E[0, Tt) B2 5.

FTEGIMAELD, T) ERAT R, Bz = 2
TE0, Ty) LA S, BIAAAE R 40N > 0, fEF3 0T
Bt e [0,T;), Hle(t)| < N, Ikt

ly@®)| < r*(t)N = (LM (t))"N.
kLR R @O)FM () > 1,V t € [0,Ty), WIHLE[0, T;)
F,

M <

— B M? + 20351 + NP L** M2%P) M <

— MG M2 — 265 (1 + N?PL?P)),

Frtmm 1 — 2ap > 0015
26,(1 + N*»L*) _,
1< M) < =3
(t) < ( 3, ) 35)

H=0(33) Mt

€ [0,T).

B @) F & AIE B (1 (M, e, m, 2) AT 1, 5
Ay, &, & DLE0, Ty) F2A 5. diim thX3), xz =
T+ E+ gIFIMBEB2A ARG (D PPIRASTE0, Tr) B2
. IR RGE AR AT A EWH T =

2500, AR B4R [0, Tp ) 2 FIFR 2 G0t 11 Be KAFAE
IX i), 4541 F 7 )
+o00 = lim Vi (e(t),n(t), 2(t)) <

o (€(0),7(0), 2(0))

lim exp(—fﬁLt)(V
;nf
BL) + 57L < 400,
KLtk T =

ﬁ?ﬂﬁiﬁﬂﬂ, MIEFELFE S K, AT ASEBL AR Ze(1)
14 J&) S B BRER AR . DA Ty = oo, W1

t>T %4

AL + Vi (e(0), 1(0), 2(0))
max{0, 571)1 o },

iy

exp(—BLt) Vi (e(0),7(0), 2(0)) < ;’7’5
b S (34) i) 44
20,
BV, R IE 015
1 n—1
B [T vzi(t) <
=1
20,
Vo (e(t), n(t), (1)) < [;LL, VizT
[WEs]
S =2 < 2 = 2 T
_Ul %ﬂL

LN, = %,mu

y(t)

|Ma(t)‘ g La|€1(t)| < \/aLaio.‘B’ Vt 2 T

(37)

53 5 /e Lo~ O R T, 0o) & A% X(35) 1 Le N FI[0,
INNGE
M) < (L H SLE)

1—12@, te [T, 0).
o)) 7,0)

HI (37, f1

co  2B5(1 + AL-(720P)
yi(t) < LlEQQ( : : )2,

B
Vi>T.
WML — 20 > 0040, 24t > T, R L8k

(L, ATy (6) AR/, BRSZEL T R G814 SR 5 br
BEREH.
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4 SEH) 5 45 B (Practical example and simula-
tion)

R R GE(L), ST e S e S B R R R
3 BT v R X R G A MR R, R A
B, H S B AT A % R G R RE, 450 T T B A
7 REZ R S N LB AR GE (WL SRR [15) 2527 011
11.10.8):

JiGy + Figy + k(@1 — q2) + Mglsing =0,

JnGo + Fndgz — k(¢ — ¢2) = u, (38)

Y =q,
T qu, g IR B s A B R 1 (R AL FEL
e T, SRR Rk, AR M, ST 51
Hg, 0 RUTTERL KRG RS R B N, A I
B B E AR, KRS E TR
1 LR . BB g 22 T REI ), B
s 5 KIS HOEA .

A ST REGB8) 2 RGE(D MR, A
TEWTF AR BRAR 3 R

Ty =q1, Tz =G, T3 = IQza Ty = QIZCE?
T I FRB8)AF M T an M AR =2 i) ik
Ty = Tg,
. k Mgl B
Tog = T3 — le -7 sinxy — Ixz,
T3 = Ty, (39)
) k k? k Fa
Ty = mu + mxl — Kxg - J—ma:4,
Y =T.

MREEAR, LT R Ge A% R AN 32, AR IR
TAAIIPIRES, H e R Bi1~3.

A GU3) B H 4, A N AK-DE 3 4 B 2
A8, DL X % &R G 1 5 B E S LA R 2%, S A,
DI ECH) 322 H AR RAEA SCEIR 45 R IERA TEAT
Rtk d B W5 T SR, 2 RS AR 28 A
Sl AR e R SR BT

él = (2 +0.1,
C = gu+ G In(1 +0.01¢3), (40)
y = Cl - yr-

Bmax{|y.|, [%:]} < 0.1, 1 < |g| < 1.5, 3 HglhisF
BRIEI. 255 WAE I R Gei L B 1~3, Horhie, =
Ol,p = 2, cp = 01’ gn = 1’ gu = 1.5.

FRPE 715 N 2%, AT A R Se(40) % i an X (30) 11

1R BRI, 4 = ; Ki = 0.1, Ky —
0.1, HIEl = [2,1]". PR 51311 E B I PRIk
FHEH S by = 35,0, = 0.1, 08, = 4, 3, =
25,71 = 132.8, L = 80(L* = 4). g = 1,4, =
0.1sint, FIUHIRE N = [0.5,-0.5]T, £(0) =
0F(0) = 0, i1 51 F Bl 1~6. NIXLE ] rh
A LLE I RS RS A A, IE H0.04 s)5,
PREFR 225 /2 |¢ — 0.1sint| < 0.001, RISZHLT &
Z(40) 1) 5L B PR ER TR .

0.6 T T T T

05t .
041 .
03 .
02 .
01F .
00}

ﬂ.%).OO O.E)Z 0.04 0.06 0.(I)8 0.10
tls
B RERR Ty
Fig. 1 The tracking error y

t/s
B2 R s M
Fig.2 Gain M of the K-filters

0.5 T T T T T T

041 A
03 .
02 .

0.1F A
00 /\/
-0.1r .

_0.2 1 1 1 1 1 1

tl's
3 REREGQ
Fig.3 System state (1
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Fig. 4 System state (2
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Fig.5 State [ of the K-filters
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Fig. 6 State & of the K-filters

5 458 (Concluding remarks)

AW T — I B R B € H AT 5y 2
eS8 L p IS <E | B2 e W] =P VA YA SN
SR ) L A SCH = oTikAE T, R SN T
(KIZh 25 4 et K—ug P, A 3E 12k T UL g e & 11
PR BLI &, IF HA SR st e vt 1 % i
Bz iy, af KRR, I HA 2 1 BT 28,
VIR R G T A AR O AT 10, I HL, 24 a] AL %
KIS, BREARZEMCSE i (B /NI . 5 82 T

1
0.08

0.10

VERG A I 7 ), E— DRI — MR AR 2k Mk R GE )
EprNAYZ SR I F
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Geometric,

M PIAEZIEW (Appendix Two impor-

tant proofs)

1, 21 =y=r% 1,2, =7

A) B FIE .
WERBO) T e RGP, Vil

Ve < —rllel®> + 2¢" Py — LT (Do P + PDa)e. (A
T

T Ak B A D AN S S A T B2 R Bl >

+1_1(€i+77i+95i)’i = 27 y 10y

RN OARIES:

1 .
lor] < 5 (e(l+ yIP)IG1] + e+ lin]) <
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(1+ yI")lex] + cer (1 + [yf”) teta,

< a+@ T A W)yl + lwe| + Z 1) +
=

loi| <

< cmax{vn—1,gm}(1 +

raJrif 1

lylp)(z leil + llell + lInlh)+
mmrwm%+c

Mt [[elloo < emax{y/n —1 gM}(HIy\”)(Z\EzHII I+
Inll) + cc1 (1 + yl) + ¢+ c1, 3 LP\|go||ooz!z/T£I36ﬁ Sk
HEMTRRYE se iy BRI 43

T 2
2¢" Po < 2||P| - [lell - @lloo < 00,1(1 + [y]7)?[lel*+
1 n
P &7 + 2llell” + Inll> + 00,2, (A2)
=

Hrhogq = 2| P2 ((4n+2) max{n—1, g§} +c}) flog 2 =
1+ (c+ c1)?|| PP R CUANIE % %
HK, t=l©H=(10) 5 %

— LM (DuP + PDy)e =
T

(BLM — B2(1+ [y|")?)e" (DaP + PDa)e <
haB1 M|je]|> = h1Ba(1 + |y[P)?|e|*.

F b CRE AN A D TR (D). R,

B) oI 1f{AIE .

S B2 G2 & vk S 80 — Pk PRI AT,
H(32), XL TS E W LB nl H e R IBUT AT B sEE

by, i=1,-- nflly, i=1,--- ,n—1, RGIERL, G,
I JEIEHEL.

D bj,i=1,- wTﬁ”%,i:l -,n— LINIEEE.

B, AMERLEMIb; > 0,i=1,--- ,n— AL}, > Ko,

Wb, = b +2n—2i4+1,i=1,-- 1, b = by,. Wik,
b >2n—2i+1,i=1,--- ,n—l,bn > Ko, 1M H 5
T LA)3E 4 168 T i R (32) o e Ja — AT AN AR U
Hok, b T RAE G2 /7 P AT A A R, gk
eyt A 1,0 (Y1) > 0.4 = Lo yn — 1 4k,
1 :X(29), 1 T W Lay — 2(55,11)2 >0, MR = 2,

=1,y ary; — (dfjrl D2 > 0y pic1 (V1) —

L i1 E, R

i(di+1,1)2 >0,7=1,--

1 =2
Y1 > @(dg,ll) )

1 1 L
. > max{—(d7%; )2, ——— (@, )2,
v {4(1( i+11) 4/%‘4,;‘(7[1—1])( i+11)
j=1,,i—1}bi=2 ,n—1.
2) B, BoHIIEFE.

iy P 2K (32) AT 34T ANAE UT, R B S BOE )
KARO < 1 < fo, RilslFE s > 0, FFab ik

n—1 nt
(n—1/2) g ¥ jl;[l vj
B2 > max{S, Pn—1,1Vn—1)) " Pn—1,i(Yn—-1))’
i=2,.. ,n_l,é,aﬁf}-
3) LIfE$E.

AR (32) H d e AT AR ROL, JFEERIM > 1

1
L>L*+ max{2" " (haff1 + 2 + K1), 67(1(2Jr
[
1i=1 . K.
§H’Yja§)v7’:1:"'vn—17b75}’ (A3)
Jj=1 "
HorpL* > VR E AL

AR, ¥ b R RS B IR 3N (B2) AT
ERE.
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