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ROBUST SMC OF UNCERTAIN TIME-VARYING SYSTEMS

DISSATISFYING MATCHING CONDITION
LI Hui XIE Jian-Ying
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Abstract In this paper, the SMC approach is applied to the system in order to
establish robust stability against uncertainties both in the system matrix and input
matrix. The method of switching surface designing and the control law are given.
Sufficient conditions under which the sliding mode system is quadratically stable are
also deduced. The relative algebraic Riccati equation and linear matrix inequality are

quite simple, thus can be solved without much difficulty. Simulation results contirm

the validity of the scheme.
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x(t) =[A+DFWOE,Jx() + [ B+ DF(O)E, Ju(t), FO)'F@y<<I, (1)
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det[CB + CDF (H)E, ] # 0. (3)
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[CB + CDF()E,]7'CI[A + DF(DE,] + x (D). (4)
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{I — [B+ DF(OE,][CB + CDFWM)E,]"'C)[A + DF()E,] =
I — B(CB) 'C]JA + [B(CB) 'CD — DJF(¢) X
I + E,(CB)"'CDF(t)] '[E,(CB)"'CA — E].
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C,KK"A=[I—C"(CC") 'C]-[I—B(CB)"'CJA=[I—B(CB) 'ClA=A. F|® .KK* B

—B.
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V (x,) =xIK"PKx, + xIK"PKx, —

xIKTPKK* {A + BF(O[I — DF(t)17'C ) Kx,(t) +
xIK"{A + BF(t)[I — DF(t)]"'C)"KK"PKx, —
xXIKT{PA + PﬁF(t)[I — f)F(t)]“EJ + APT &
C™{[I — DF()] " VTFT()B™P K,
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V (z,) < xIKT[PA + APT 4+ C'C + (PB + C"D)(I — D'D)~"(B'P + D'C)IKx,
(7)
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A'P 4+ PA+ PDD'P + ETE, + Q = 0, (8)
FHPHWRE
det(B'PB + EYE_B) #£ 0, (9)
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LLMI. < 0, (10)
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M = E,(B'"PB + E;E.B) "(B'P + EJE,). (11)
UL R B R RO

C=— (B'P + EE), (12)
WA T RE(OEHERE.
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K'{A'P + A'[(CBY"'CJ'E)E, + PA+ E;E,[(CB)"'CJA + [E, — MAJ]'[E, — MAJ])K =

K" {A"P + A"M'E, + PA + E’MA + EYE, — ETMA — (MA)'E, + AAM"MA}K =

KT{A'P + PA + ETE, + ATM"MA}K =

K™(— PDD'P — Q + ATM"MA}K, (A1)
K'[PB + C'D] =

K™{P[I — B(CB)'C]D — [E, — E,(CB)"'CAT"[E,(CB)~'CD]} =

K'[PD + (C* 4+ ETE,)(CB)"'CD — ETMD + A™M'MD =

K'(PD + A™M™MD7 + (CK)YT(CB)™'CD =

K™ (PD + ATM'MD). (A2)
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(B'P + D'CYK = (D'P + D'M"MA)K, (A3)
I+ D'D=—]+ D[E,(CB)"'C]'[E,(CB)"'C]D =— I + D"M™MD. (A4)
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M A Schur REMFEM X R . AQDEFEMNT
W1 = K"{(— PDD'P — Q + ATM™MA) —
(PD + ATM™MD)(— I +~ D"M™MD) (D'P + D'M"MA)}K < 0,

R AOEM T
W2 =K (—Q)— (AT™M" + PDD'M")Y(— I + MDD"M")"(MA + MDD'P) }K < 0.
W PD=X MD=Y MA=Z, |
W1l — W2 =

K'T—XX"—-Q+2Z2"Z— X+ Z'"H)(— I+ Y'Y U X"+ Y'Z)]K —
K'—Q— Z"+ XYD(—T4+YYDH '(Z+YXH]K =
K'{— XX - XY"Z -~ Z"Y X" — XY'YX" +

— X(— T+ YY) WWZ 4+ XYWY(—IT+YY) 'Y Z] +

— Z%Y (= I+ YY) X"+ ZY(— T+ Y'Y IY'YX' ] +

— X(— ]+ Y'V)TIXT 4+ XYY(— T+ Y'Y)YYXT]}K =
K'{— XX" — XYTYX"T 4+ XXT + XY'YXT}K = 0.

Bl Wl1=W2,B 13 (14) 53 (10)F 1.
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