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Robust adaptive control for a class of MIMO affine nonlinear systems
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Abstract: Based on the extreme learning machine(ELM), a robust adaptive neural control method for a class of multiple-
input-multiple-output(MIMO) affine nonlinear dynamic systems is presented. ELM for single-hidden layer feedforward
networks(SLFNs), which randomly chooses hidden node parameters and analytically determines the output weights of
SLFNs, shows good generalized performance at extremely fast learning speed. The proposed control scheme utilizes the
ELM to approximate the plant’s unknown nonlinear terms. Meanwhile, output weights of ELM, unknown upper bound
values of approximation errors and external disturbances can be online estimated through parameter adaptive laws by using
Lyapunov stability analysis, so that semi-global uniform ultimare boundedness of all signals in the closed-loop system can
be guaranteed. Finally, simulation results show the effectiveness of the proposed adaptive ELM control.
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] S 36 FH AR B sk, Joob, &R F () 1Y ELM M 4%
AN g1 ()~ 41(8)~ qa(t)~ Go(t), IEIT G(x) i) ELM
W28 BIEINN q1 ()~ q2(t).

RS EON: M\ = M = 20, K = diag{100,
100}, c11 = ca1 = 20, vy, = g,, = 10, 05, = 0y, = 50,
Ng = Ng;; = Na; = 0.0001, 9y, = J,,, = 94, = 0.001,
i,j = 1,2, wf = wy = wg = 10, 09 = 2.ELM K
2R B  J2 79 55050 1) 2% B RBF 49 5 B mT it 45 £, B
k(z; w, b) = exp(—||z —wl[?/b) K k(z;w,b) = 1/(1+

Ml
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exp(—(w -z +b))), BEEWN SANEEIIEICN L = 10,
B & BT S (w,b) 7 BITE [—1,1] & [0, 1] Z [H]F#
MU sE. T L4 (0 RBF M 4% 38 M 45 1 5 b, 3
B E AT s AN IR E 10, B RS H P O R R
(B2 35150 43 A1 15 9 26 S NABLYE Bl P9 (RO ABLIE B, Y51 Dy
[—2,2], B 58 FIHUE R 0.1.

BRI 245 T 3Rl A9 M4, 58
55 2 AL B ERER N £, v LAE s, SRAAS RS
UG ELM H 38& M A 28 45 ) 07 VRS T I R 4%
il R
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N\ — = ELM(RBF) Jj %
ost/ N\ RBF J7i%
- .
£
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B1 *xP1NERE
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E2 XPH2ERER
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3 XF1iEHEEA
20
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--=- ELM(RBF) J5 i
wr e RBF Jji
5 ;
g
3
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4 XTE2ITHIEAN

K3 ANA 4 25 7 AE SR AR o, L
NE SRR 28, W] UG Y, ELM $2 i) J5 3% 2 30 H
TREFITIEAT FORES.

B 5 AR 63045 Y 1519 1AISRTS 2 AL B PR B
Rz Mk, [, it WBUE B LU ZE S, ARE
7 iR B FR R 3 77 IR R 72 (RMSE) AESR 1 Hh 3]
. IS, 6 KR 1SR AT A M, 2+ ELM i)
BB TG R 7, H RMSE B B EUN, X 78 4056
E T R AT RO ERERE RE LK T332 1A 2P

0.2
0.1
T 0
S oqb b
— ELM(Additive) /5%
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-0.21 ¥ e RBF Jy i
0 2 4 6 8 10

5 X IUERERIRE

0.8
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6 KT 2MEBREFIRE

1 FREHEHS TN SRR

RMSE
EUWRPN
KA1 K72
ELM (Additive) J57% 0.0484 0.0439
ELM (RBF) /5 i% 0.048 5 0.0374
RBF J7i% 0.0702 0.0477
4 4 ®
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ZERAL S48l FIFH Lyapunov & M 4 BT #E 18 1 1F
TN B 2 K T L A, S ELM I ) 45 it A
18« /BT TR 22 DA SAN RIS i R Fn i € B AE
BATHEL BENRE, HERARRENAES
P B A I fa i ) JSEGIISE T FTiR



1566 1= ] 5 * R %30 %
H VAR . B4k, 7 FE 2l Backstepping 77 V2 7E using dynamical neural networks[J]. IEEE Trans on SMC,
BEVHANH T P AR S8R0 O A o 4% O A g, 4T Part B: Cybernetics, 1999, 29(2): 179-189.
Backstepping 7715 ELM 4 & #e sk % it H & M IE [12] BHE:, x[E 2, XRBE, 5. — 28080 E 4 MIMO #&
9 KT B I S 5 40 25 T8 45 0 1 I R BB 2 ). b B 15 O,

2010, 27(3): 382-386.

%%j{ﬁk(References) (Hu H, Liu G R, Liu D B, et al. Output feedback tracking

[1] Seshagiri S, Khalil H K. Output feedback control of control for a class of uncertain nonlinear MIMO systems
nonlinear systems using RBF neural networks[J]. IEEE using neural network[J]. Control Theory & Application,
Trans on Neural Networks, 2000, 11(1): 69-79. 2010, 27(3): 382-386.)

[2] Gao W, Selmic R R. Neural network control of a class of [13] Kostarigka A K, Rovithakis G A. Adaptive dynamic
nonlinear systems with actuator saturation[J]. IEEE Trans output feedback neural network control of uncertain MIMO
on Neural Networks, 2006, 17(1): 147-156. nonlinear systems with prescribed performance[J]. IEEE

[3] Wang W Y, Chan M L, Hsu C C J, et al. H,, tracking- Trans on Neural Networks and Learning Systems, 2012,
based sliding mode control for uncertain nonlinear systems 23(1): 138-149.
via an adaptive fuzzy-neural approach[J]. IEEE Trans on [14] Tong S, Li H X. Fuzzy adaptive sliding-mode control
SMC, Part B: Cybernetics, 2002, 32(4): 483-492. for MIMO nonlinear systems[J]. IEEE Trans on Fuzzy

[4] Phan P A, Gale T. Two-mode adaptive fuzzy control with Systems, 2003, 11(3): 354-360.
approximation error estimator[J]. IEEE Trans on Fuzzy [15] FHaAk, T a0, b A, &6, B I& AR & 3 ) 48 10
Systems, 2007, 15(5): 943-955. MIMO Z ¢ H 1N F R 72 (0], 33615 $e 3R, 2004, 19(5):

[S] Huaguang Z, Cai L, Bien Z. A fuzzy basis function 577-581.
vector-based multivariable adaptive controller for nonlinear (Wang Y Q, Wang J H, Gu S S, et al. Application research
systems[J]. IEEE Trans on SMC, Part B: Cybernetics, of adaptive fuzzy neural controller for MIMO system[J].
2000, 30(1): 210-217. Control and Decision, 2004, 19(5): 577-581.)

[6] Li H X, Tong S. A hybrid adaptive fuzzy control for a [16] Huang G B, Zhu Q Y, Siew C K. Extreme learning
class of nonlinear MIMO systems[J]. IEEE Trans on Fuzzy machine: A new learning scheme of feedforward neural
Systems, 2003, 11(1): 24-34. networks[C]. Proc of the 2004 IEEE Int Joint Conf on

[7]1 Labiod S, Boucherit M S, Guerra T M. Adaptive fuzzy Neural Networks. Budapest, 2004: 985-990.
control of a class of MIMO nonlinear systems[J]. Fuzzy [17] Rong H J, Zhao G S. Direct adaptive neural control
Sets and Systems, 2005, 151(1): 59-77. of nonlinear systems with extreme learning machine[J].

[81 Ge S S, Wang C. Adaptive neural control of uncertain Neural Computing and Applications, 2013, 22(3): 577-
MIMO nonlinear systems[J]. IEEE Trans on Neural 386.

Networks, 2004, 15(3): 674-692. [18] Huang G B, Wang D H, Lan Y. Extreme learning machines:

[91 Chen M, Ge S S, Voon Ee How B. Robust adaptive neural A survey[J]. Int J of Machine Learning and Cybernetics,
network control for a class of uncertain MIMO nonlinear 2011, 2(2): 107-122.
systems with input nonlinearities[J]. IEEE Trans on Neural [19] Polycarpou M M. Stable adaptive neural control scheme for
Networks, 2010, 21(5): 796-812. nonlinear systems[J]. IEEE Trans on Automatic Control,

[10] Chiu C S. Mixed feedforward/feedback based adaptive 1996, 41(3): 447-451.
fuzzy control for a class of MIMO nonlinear systems[J]. [20] Slotine J J E, Li W. Applied nonlinear control[M].

[11]

IEEE Trans on Fuzzy Systems, 2006, 14(6): 716-727.
Rovithakis G A. Tracking control of multi-input affine

nonlinear dynamical systems with unknown nonlinearities

Englewood Cliffs: Prentice-Hall, 1991: 392-433.

Fitthth: £ER)



