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Abstract: A characteristic model-based composite adaptive control method is proposed for a class of uncertain nonlinear
systems. The novelty here is that a composite adaptation law which consists of tracking-control-error and model-estimation-
error for the characteristic parameters is designed, and it is further incorporated into the adaptive control system, which can
retain convergence of the tracking-control-error and the model-estimation-error simultaneously. Considering the slow time-
varying characteristics of the characteristic parameter, it is divided into a unknown nominal constant and a time-varying
error, and estimation of the constant part is used for control. Further, to reject the undesired influence of the time-varying
error on the system stability and convergence, a nonlinear term consisting a saturation function is added to the controller
and the characteristic parameter adaption law. The system analysis guarantees that the closed system is stable, and the
tracking-control-error and the model-estimation-error converges into the neighborhood of origin. Simulation results show
that the newly suggested characteristic model-based composite adaptive method can achieve better control performance
than other characteristic model-based conventional adaptive schemes.
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Table 1 Control performance of system step responses
under different adaptive control methods

Febx TEEEN EAHEMN
IS 0.3 0.2
TS REYE 0.0127 0.0077

FaREMEZE 9.3459¢—4  6.0206e—4

£ 2 FR A ERERT R GEFZ AR MR
Table 2 Control performance of system sinusoidal re-
sponses under different adaptive control meth-

ods
Ei=a WHEEN HEAHEMN
TR REME —0.0408 —0.0195
Fa R EIEE 0.4538 0.2816

% 3 AR QR AEF T £ AT f M RE A8 ARt EE
Table 3 Control performance of system square respons-
es under different adaptive control methods

E =27 WiEHEN EAHEN
SN caali| 3.6479 1.5569

il 2 2% pE e A T RAT IR IR A, KA E)

JIEAER A AR TR

a=q+ fo+dg,

B =psina —rcosa+ f5+ dg,

4 =secB(pcosa+ ysina) + f, +d,, (53)

P =cqr+ caLle, ¢ = capr + caM,,

7 = ¢5pq + ¢ No,
Horr: o, B,y BUA T F AU £ p, g, r IR E:
PR E RO Fr R FEA TR R L s d o, dig, A, T
foos fo, [y N R G ARL R ELG Loy, My, NSNS BN T
H; c1, 0, C3, €4, C5, co NGB A G R AL, IR
kA2 WSCiR [28].
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Gou (k)T ’ £ . . . .
Sobsoa (WA, BEFAHESREFRY T T 0
RASFTE . 5 B i N 45T 7~ 1 T4, Hor: _
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Table 4 Uncertainties and disturbances = 0 2 4 y 6 8 10
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Fig. 4 Attitude curves of step signal response under different
adaptive control methods
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Fig. 5 Error curves of step signal response under different
adaptive control methods
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Table 5 Control performance of system step responses
under different adaptive control methods

EiEtan WEEEN HAEHEM
R IRZEE 1.78e—2 1.56e—2
ofS S IREMERE 555665 5.538e—5
BRESRELE 2.546e—6 1.019¢e—6
BRASRENEZE  1.937e—8 7.69¢—9
VRSIREYME 1.469¢e—5 4.89¢—6
VR IREEZ  2.108e—7 6.82¢—8
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Table 6 Control performance of system step responses
under different adaptive control methods

EiEtan WHEEEN,  EHHEM
afe S REE 1.48e—2 1.33e—2
afe S RENNHELE 1.0e—2 8.8e—3
SRS REIE 2.9e—3 1.2e—3
BRI ZERRIE2E 6.9e—3 2.8e—3
VA IRZEYME 2.17e—2 8.2¢—3

VRS IRENREZE 7.5e—2 4.03e—2

AR Bl 47 rp 22 385 R I R R 22 U 0 L DL J 3R
S-6h s YEREXT LR AT 15, JETRHMEB A B & H
X A ) T ) PRI 2R 8 5 A B e ) 42 1 ARG R B 4
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5 ik
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TV R EEARR, FET X R AR ZE R A & T
P A, B TP AR EN I RFAE 2 &, a2 TR,
THRZEMEREE IR Z N S A G, 25T Lyapunov
PR IR E M T R B, 6 H I B 42 il 2% ][] =
IR BERE B o g 22 AR AL A TR ZE WS A, 1 L4
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fisx 5| 1UEBH (Appendix Proof of Lemma 1)
ik, ARAEI AR fo (k), f1(k), 90 (k) IR FHE3)

PAB LA fo (K), f1(k), Go (k) I FHES), T4 E Ak)
fIFEQ21), ATHIA (k)R AK) — A(k — 1) ||
IR, SRELA (k) (R AR
A1 = ks, A2 = kp, Az = ag(k),
BN RZEM S) AR (1) H S EiE R
A= ks) <1, Ao = |kp| < 1,
T X9 as (k) HIFRIEATFGEAEFX(24) F1(24) ] 5
A3 = |ag(k)| < 1, Vk. (A1)
R, ARAESCHR (28] 0 R 51 B AT 5| B 258 BT

iEEE,
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zo(k+ 1) = Ag(k)xo (k). (A2)
R
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k
2) > [lAo(i) — Ao(i — 1)|I* < Bo+Bi(k—ko), k >

i=ko+1
ko, 1 Bg, B1 > 0;
3) |Ai(Ao(k))| < 1,Vk, HHN A (k) FHE—FFIE(E.
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