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LMI-based Design of Reliable Tracking Controller
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Abstract The problem of reliable tracking controller design against actuator faults is stud-
ied. For linear uncertain systems, a more practical and general model of actuator faults is
presented. A sufficient condition for the existence of a reliable tracking controller is given. A
state feedback reliable controller is designed by means of linear matrix inequality (LMIl). A
simulation example illustrates the effectiveness of the method.Comparison of a control system
with the reliable tracking controller and the system without a reliable track ng controller shows

the necessity of the reliable tracking control.
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LQ BREIR, A —RAWERERY, FRIITHBEN T REBEEEH K LML Rt
k. BT LQ/H BREIERERRR, XM (9] 458 T HELE R R W] ¥ 88 TR EEH T
LMI 7k, BT ELR Y A 2| F-16 SHifleg s B8 L, BUS T 8 s 42 Hi 808

SCHR [6 ~ 9] BF 9T W] FEBR ER o [0, 24000 P B RO AL, ASCR RLE SRR, 4
H—RATE LR W R EE R SRR 50 &0, R LMI 52 53 7] 52 IR Br 3% 1 8%
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FR R R AR BOR AT, T URAX RGE ST V] IR R R R B

2 fHEAMG|HE
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2(t) = (A+ AA)x(t) + (B + AB)u/ (t) + n(t) (1a)
y(t) = (C + AC)x(t) (1b)

XH x(t) € R, y(t) e R" DA REHRESEH LML, Ae RV, Be RV?,CeR™™" X
WEMEFE; u (t) € B AFBHITHEEAZEFAN, @) AEFBATH: REHTFHE
(EE i BU

AA=E 6, F,A AB=E,0,F,B, AC=E,60,FC (2)

LRF E, F L E, F, B, F, H@EHEEEN; 0. FE4nBEE, HEE 67 6. <I(i=
1,2,3).

ARG (1) MRE SR RS

z(t) = (A+ AA)x(t) + (B+ AB)u’ (t) + n(t), q(t) = (C + AC)x(t) — y, (t) (3)

He vy, (t) MBRES%EE
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&(t) = (A+ AA)z(t) + (B + AB)u’ (t) + &(¢) (4)
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)] . [A 0] . [B
Z(t): . A:: , B::
L q(t) . ¢ 0 0
. TAA O F 016 0 | [F 0
AA — _ 1 1 1 |
_AC O_ i U EE}— L 0 Q:a-i i 0 E‘%-

AB) o CFC

A=F 6 F A, AB:( = ©,| *| B=E,6,F,B, a;(t):( i) )

0 0 0 ~y. (t)
PAAT Ak PR O
u’ (t) = Mu(t) (5)
AL IR S W
u(t) = Kz(1 6)
MRS (4) WA RA N
z(t) = Az(t) + w(t) (7)
Hr 4=(A+AA4)+(B+AB)MK,
M = diag(m,,m,,---,m,), O0<mu <mi <My, M 21, 1=12,---/p (8)

PR A IS T %% A R R E“—‘1 m. = 0 B, TRMITAE ¢ FBETZTE2REG Y4 m. =108,
HRBITAE  FBEEEY LE H0<me <mi <mwu,m21H m: #1B, RRMATAH
2 KBIEERL.

1. EPERLR (5) A ek (4.5 Brfl ARG R4 . Sk (1~ 3] F1 (6 ~ 9] Hg AL
b AL R PR L (5) BUFFIRTR L.
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Mn :dia’g(mm!mﬂw'”!mop): J::diag(jujzﬁ"':jp)a L:diag(lﬂlzﬁ'”?lr?) (9)

Ho 1 Mui — i M — M,
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= (9) Al 15
M=M,(I+ L), L <J<KT (10)
HHp L] = diag(]L, |, 1], -+, 1)),

2 TESCHR (1~ 3] F0 (6 ~ 9] H, BUTERBE AR SRR R B RUS R A, B HUAX
B4 [ My, = diag(m,,m,, --,m,). 24 m, =18, KRS i FBEILKE; Y4 m. =08,
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fE AL N RESE & 4 E LR R AR k. R o EV I (PUTAF AR RGEY) k. TIFRA,
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FROITHUE), RE (4) XN

2(t) = (A+ AA)z(t) + (B + AB)u(t) + @(t) (11)

RAS (11) M HEREEH RE. S RIEH S w(t) PRARAERE H 85,

E 4. IMERBEER ZRRTRAERERE, M =1 RRAERAETRELR £ EYL BT
KRG EH 2T R,

SIFE 177, X TE MM X, Y K e>0, FHRSELXMHT

X'Y4+Y ' X <eX" X4+eY'Y

SIFE 2" R Y NXTFREERE, N, N, HE4EE EERE, = YA EgE M, R =7 5 <
o, K p >0 Y+N,EN,+N] E N’ <OM TV ERMUHY +aN, N +pa-* NI N, <0,
HPE% o> 0.

5|3 3. X R, ,R, WEHFEMERK, L A ESRNAEEE, B |12 <U,UNEEMNAHE
%, W R,~R, + R, ~"R] < BR,UR] + 8 'R, UR, Hv¥ 3> 0,% = diag(o,,0,, - ,0), |5 =
diag(|o, |, |o, ], -+, lou]).

5138 4. _H?% gt (4), MRFEEMEREER K, AR RA (7) AT TERE, WA
9 (4) Bk y(t) BERES 2 ES v, (b).
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EIR L XMTF RS 4) KX 8) fEARYMPBEEME M, MREFFIECHEMS X . HE S A
p> 0,0, >0, FHEHA LMI
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AX + XAT + BMS+S"MB" + 4, E ET 4y, E,EY XA"FT STMBTET"
| F AX —u, I 0 L <0 (12)
FEBMS 0 "‘“EI A

RGO, TWARTEAR 75 B 15t 42 ) A

u(t) = Ka(t)

[R5 (4) WA ELRLTRE, FSE y@) B ESEES v (). HPREHEME K =SX .
WEBA. XTI R G (7) AF R T @), T8 2(t) = Az(t). B Lyapunov K ¥
V(t) = 27 (t)Pz(t), (P > 0), W)

V(t) =27 (){[(A+ AA) + (B + AB)MK|" P+ P[(A+ AA) + (B + ABMK)|}z(t)
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uitputl 0 [ FLAX
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0 u, I | | F,BMS
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1
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F. BMS; 0 —u, I
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| +BM,S; + p, E, ET X A"F® STM,B"ET +p, BM, J.(E, BM,)" |
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F AX; —u, I 0
F,BM S; + pu, F, BM, J.(BM )" 0 —u, I+ p, F, BM_ J.(F, BM_)" J
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FIFRE 1 R ARS (4) WA RGENTEILREE, SH v@) FiTRESEES v, (). EE.
4 BUEW ¥
IARA (1) B RBHER
(4 —4 0 (1 —1"
A=1]1 -1 0|,B=1]0 1]|,C=]2 0 -1 (18)
4 -6 2 0 2

i

ZHRAN y, (1) =0, /bEFH n(t) = (0.05sint 0 0) . TEAEERHEINT, EH5 (18) ¥ IEHE
BHH o(A) ={2,3,0}, iTHIRAR (18) HARRERES.

ATRY (18), e EB 2 iR SIS R E SN
" —17.2567 35.1298 —15.468 0.4609 -

K, = (19)
' 11.5019 —19.8311 7.5447 —0.1561

WA RRSFEESES N 0o(A+ BK.) = {—26.1026, -1.6645, —0.4563, —0.2769}, A] H1
K. PRI A5 BE R 4L (18).

M 3 X KRG (18) Bt o) FE PR ER 92 1] 45 18 g W R4 N
T —57.6606 1125632 —47.7465 0.0818 °

Ky = . (20)
| 081893 —186.2004 76.7091 —0.1291

MR (18) WS RAWFFIEEE SN 0(A+ BKy) = {-181.1056, —1.9177, —0.5970,
—0.0116}, o[ ®H Kr W ERITEHE 249 (18).

T HRE X A AR PR B TS ] R ] IR RIS ] R A E T R

VIAT AN A ESCRERT, bR BR BRI ] R G A SRR R ] R A TE A Y B ] T AR AR
HXTW R R iae, Bt y(t) Sl RESEZMA v (t) =0. W& 1 HE 2 frow.

AR IZPATAY 2 BB, SR RN

-

M = diag(0,0.3) (21)

tracking etrror
tracking error

-00.5 l : . . : * -0.5 - N U
() S 10 15 20) 25 30 0 3 1) 3 2() 25 30)

1S I/s

1 PRrERR BRI AR 8 I HE B R R B R 22 B 2k & 2 SRR RV R OE A K A R ER BR IR 2 il 2k

Fig. 1 The tracking error standard control with Fig. 2 The tracking error reliable control with

no fault no fault
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BT R R BB A AT AR E — RBEE T 2R v, (t) =0, % FEEHHESHNERES
) 30%.
WFAREBEEERARS, HHRRGEMHRIGETRE (B 3), RN FEEREHN

o(A+ BMK;) = {-32.1005, —1.4701, —0.7093, —0.0116 }

T REREER RS, AXRRGEREZREE (B 4), HKEHFEERE N

o(A+ BMK.) = {0.1950 + 3.2794i,0.1950 — 3.2794i, —0.1315 + 0.1615i, —0.1315 — 0.1615i}

1000 = - —_——

S = 500}
5 5 l ‘ |
%D %ﬂ 0 " . A . l |
) o~
-500 }
0.5 s . . 1000 . P 1
0 5 10 15 20 25 30 9% 5 10 15 20 25 30
18 18
Xl 3 AIREBREER RGE xR ERERE#M % Bl 4 RERFER RS XS EB SR IR EN %
Fig. 3 The tracking error reliable control with Fig. 4 The tracking error standard control with
fault fault
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