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A novel robust fuzzy sliding mode observer design and
disturbance reconstruction
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Abstract: A novel robust fuzzy sliding mode observer design and a disturbance reconstruction method are proposed
for a class of uncertain nonlinear systems described by Takagi-Sugeno (T-S) fuzzy model. Firstly, a description which is
equivalent to the form of TS fuzzy model is proposed. Secondly, auxiliary variables are constructed to satisfy the matching
condition of sliding mode observer, and a high gain approximator is developed to approximate immeasurable states. To
avoid the peak problem occurred to the high gain approximator, we propose a robust sliding mode observer for this high
gain approximator. Then, under the equivalent form, a robust fuzzy sliding mode observer is developed for a class of
uncertain nonlinear systems. We prove that the proposed observer is robust to unknown disturbances, and ensure state
estimation residuals of convergence to an arbitrarily small neighborhood in a limited period of time. At the same time,
system disturbance is reconstructed thought the involved principle of equivalent output error. This method has been applied
to simulate a two-link robot control system; simulation results demonstrate the validity of the proposed method.
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Takagi-Sugeno (T-S) fuzzy model

1 5|% (Introduction)
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Fig. 1 Diagram of the robust sliding mode observer based on

high-gain approximator
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gia))Tdi + (Fi(Yia — yih))Tdi -
(F;(Yin — Yia + Yia — Yin)) " Fi(Yin — Yia)
| Fi(Yin — Yia) ||
)\min(Qi)

=SS el o s (P | Lia el +
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HH (29 F1 20 (30) AT 43

)\min Qi
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<
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4 SEBOEEI N EE S TP E M (Robust
fuzzy sliding observer and disturbace recon-
struciton)

4.1 B B BB W B0 Bl 28 (Robust fuzzy sliding

observer)
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hZ (Aiz; + Li(y: — 9i) + hi(2) Bau+

=1
h
wi(yi, 9i,m) + > (Aj@; + hj(2)Bju+t

j=1+hy
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4.2 TPLFE(Disturbance reconstruction)
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5 {jE(Simulation)
h T SRUE TR R, 2 RERUOCTT U 1S R
FORIE RO 25 3 vh. Hah A R i
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= Ywo & = Yo
=1 =1

—Iﬁﬂﬁaiﬁ
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M Mg
M(Q) - |:m21 m22:| I

2 2
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M1z = Moy = Malila(s152 + ¢162),

. 0 ¢
C(q7 Q) = m2l1l2(0132 - 8102) [ qQ]

—q1 0]’

G(q) = —(my + mz)l1g$1]
—malagss
X g = [0 )", g, G € R4 HI P 19 £

J5E AR BE R I B, M (q) N BERERE, C(q, q)
e Sy AER O, G(q) D), m AR AT
KL, g Fllmg 235010 R S5 1G5 R 29G 19 1) B i, 1y ALy
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