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Non-smooth observer for sandwich systems with dead-zone
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Abstract: In control engineering practice, many systems involving dead-zone can be described by the so-called sand-
wich systems with dead-zone. In this paper, a novel non-smooth observer is proposed to handle the state estimation for the
sandwich systems with dead-zone. Based on the characteristics of the system, a non-smooth state-space equation is con-
structed by the separation principle; and then, a non-smooth observer is developed based on this state-space equation. The
observer can be switched among different operating zones automatically according to the change of operation conditions.
The convergence theorem of the non-smooth observer and its proof are given respectively. Simulations are performed. The
comparison of simulation results between the proposed non-smooth scheme and the conventional method is illustrated. It

shows that the proposed non-smooth approach is much better than the conventional one in estimation performances.
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Fig. 1 The structure of the sandwich systems with dead-zone
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Fig. 2 The estimate performance of the non-smooth observer
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E XAz = — SHRERZE R &, W3 HRSRZE
7
Ax(k+1) =
zk+1)—x(k+1)
xz1(k+1) 1(k+1)
zo(k+1)—22(k+1)
(k) + Biu(k) + 601\
(k) + Bau(k) + 62

(
(
<J+ G Coma (k) + 91> _
[

Az (k) + Araxa(

Agoxo(

K 4+ G2Caxa (k) + 62

L+ Ar1(z1 (k) — 21(k))
Agg — GoCo) (w2 (k) — &2(k)) )’

o
J = (A12 — G102)Z2(k) + A1121 (k) + Bru(k)
K = (A2a — G2C9)Z2(k) + Bau(k),
L= (A2 — G1C2)(z2(k) — 22(k))

3) Mgl Wik T st d b, 13

zi(k+1)—21(k+1)=

(A12 — G1C2)(x2(k) — 22(k)) +

An(z(k) — 21(k)), (A1)
wo(k+1) —d2(k+1) =

(A22 — G2C2)(x2(k) — Z2(k)). (A2)

T 3 6 2 (A2) R A T 45
mg(k + 1) — :ﬁg(k) + 1) =
(Agz — G202)" (22(1) — 22(1)),
Hrp (2o (1) — 22 (1)) N BEMDIRAS RIS R 2, WA —AF
IR 5. A (Aga — G2C2) = Fao, WA
xa(k+1) —22(k+1) =
(Agg — G2Co)* (o (1) — 22(1)) =
Fia(aa(1) — &2(1)). (A3)
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PR 225 SCHRTL 2] (0 5 B 1 510 i Sl B mT 0, kAe |mh2—GﬂbNb£m1mwxm—£xmﬂz+
nxn k _ S —o0
e, MW i A” = ORI IR LA (4) < vl Jim 1 (8) — 102 =
B Ui, l_Lﬁéllzl_ﬂ.ﬁGQ 453 Foa fA 45 ﬁEfEiﬁfﬁulW 1 An] ;H‘j"”(m (k) — &1 (k)| AS)
BRI AR PR /N T 1 N | < 1), AR A2 1 5 SLANAR 1z e N 1.

BERIREEARAN T, B0: (p(Foz) < 1, WA
i P2 =0>
kli}rlgo(wg(k +1)—22(k+1)) =
(wa(1) = #2(1)) Jim F3 =0
MR E REAR Ao (8K RIS, 1l k(AL T4 LA

z1(k+1)—21(k+1) =
(A12 — G1C2)(ma(k) — Z2(k)) + A11(z1(k) — 21(k)).

Xt b QP 2 T K, AR Y B AR A e B

lz1(k+1) = 21(k+1)[2 <
[[(A12 — G1C2)ll2[[(z2(k) — 22(K))[]2 +
lA11ll2(l(21 (k) — Z1(k))|l2- (A4)

X ZR(AL) P ILEUR R, 3 = 3

Jim @ (k) = d2(k))l, =0,

lim ||z1(k+1)—21(k+1)]]2 <
k—oo

KA A2 < 1, W (AS)#S

lim ||z1(k+1)—21(k+ 12 <

k—oo

[A11ll2 lm |[(z1(k) — 21(k))[2 =
k—oo

i Lk +1) = B1(k + Dl
k—oo  |[(@1(k) — &1(k))ll2

< lA11ll2 < 1. (A6)

B2 (k+ 1) — 21 (k + D)0 80758 — AN IEE)F
F1), H.20(A6) AL, FR ¥ 1E 0 2% Z i LU A ) ) 8 BT 40, %
TE TR BN, T I T 2R AR SR L BE LA N

T (a2 (k) — 1 (k)) > = 0.
KL, 21 (k)W T2 (K). EEE.
e R A~
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