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Layered control strategy of robust stabilization for

uncertain systems via dynamic output feedback
JIA Xin-chun, ZHENG Nan-ning, YUAN Ze-jian
(Institute of Artificial Intelligence and Robotics, Xi’an Jiaotong University, Shanxi Xi’an 710049, China)

Abstract: Robust stabilization for uncertain linear systems is studied using Lyapunov stability theory and linear matrix in-
equality approach. Parameter uncertainties under consideration are time-varying and norm-bounded. A sufficient condition for
the existence of such a controller is established in a Q-IMI form, and the solution procedure of the Q-LMI problem is proposed.
The solvability for the Q-LMI problem can be improved by adding some LMI constraints to the Q-LMI. Based on the Q-LMI
condition, a robust stable layered control strategy for the robust stabilization, namely, *different controller is acted on the sys-

tem with different parameter perturbation”, is presented. An example is given to illustrate the feasibility of the strategy.
Key words: robust stable control; dynamic output feedback; LMI approach; layered control strategy
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Petersen! 'V By Se4T X R ELE RS R T =
KEBRER - KEBBEREMNES. 25, XTS
BREMNMREERESESTHRRT AL & B R
BRI FE 3, 40, Lyapunov 755 \Riccati 5 25 |
LMI 773 H. 7 ¥ s f kU -5 b F R
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RERE BT e e
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2 )RR 5 B R 4= H) 3R B (Problem de-
scription and layered control strategy)
FEH AN TAHAESBHNARERR
{x’(l):(A+AA(£))x(l)+(B+AB(l))u(l),
y(t) = (C + AC(¢))x(t).
(1)
He, x(¢) € Zh,u(e) € 57, y() € =P 3HIAER
SGRRE = B RE A, B C E SYERH
EHERF;AA,AB 1 AC ¥ h RGBT S HOA
EE, BN S8EESHEsER
0, = |1AA:AA™AA < o* 1,a > 0},
Qp = |{AB:AB"AB < 71,8 >0, (2)
Q, = IAC:AC™AC < 2 1,7 > O}.
YUEAR(DBREFEEZEEN R, EFREW
W 257 2 sh A4 B R RIS R
£.(t) = (A= LC)x.(t) + Bu(t) + Ly(t),
u(t) = Kx(t).
(3)
Hep x (1) € 3", K€ 3™ [ € 5™ BEFRITH
WM, FHEX Q) B (K, L). IEREIRENR
e(t) = x(2) — x.(¢), WAL (1) E 3T B R B
@I DIZ B2 3]

).

O

[A+BK+AA+BAK —(B+AB)K] x(t)
ABK - LAC A - LC - ABK (e(t)).

(4)
ACHIBIER : X T AHERE () HMBER
PRERZ «,B8,7, FRELK() FEKERE
e (K, L) BIFIF AR R R 7 s il
Al b, 5 X —RE R SRR (R 8ER
) SRERAHAHERRSH «,8, y ZEMXKE,
FHHR ALK KRG BIRE K 0 E R R
A1) IR E BRI E K0 EIRE RIS
1) BARBRAZ() ZREBRBEEHE, »
MRBRAGA) _KEERENIHAERNERE
BHA: o BYr T
2) ML TEAE 3 MR AHERER
FH (i = 1,2,-,p),B(j = 1,2,+,q) F 7, (k
=1,2,,5), B e, <a" B < B My, <7
3) XHENRBESHE I Q, x 3 x Oy,

REG (D) WM Q) M _REGHEREREH S
(Ko Lig)»i = 1,2,,p,j = 1,2,,q,k = 1,2,
4) B2, BEE0) WARREBREREHE
Bt XS ABESRE RILE O, x O x 0, , FHEE
A (Ko Lig)» i = 1,2,5,p,j = 1,2, ,q,k =
1,2,-,s.
3 #hEHH R %R HEE FK S (Conditions for the
stabilization of dynamic output feedback)
S 112 ®x ez y € MR ve >
0, XY + Y'X < eX"X + e 'YTY,
31 2 AFEEM Y,MON,MNARER Y +
MAN + N'A™M" < OXETATRR A:ATA < of I
ERBEBAL TS VEFERFERE « > 0,815

Y+ eMM" + ZNTN < 0.
5|3 3(Schur #h5138) HEHEMHE M, €
BN M, € T My, € B I FR A ER
Mll M12
[Msz Mn]<0 & Mp <0,
My — MpMa'Ml, <0 & My, <0,
My = MMM, < 0.
ERB1 MAHMERAR()KEENEFE a,
By, IR T REMEASRA M EEXFRER X,
P EEREM, W, HIEHE e1,65,63,64,

(XA" + AX) + (M"B" + BM) +
€] + e,1 + (1 + e3)BBT <0, (5
J' N
(A"P, + PJA) - (C"W'" + WC) + J
BK"(e, 1) BK + K"K "l<o.
JT N,
(6)

Hep, J=[oX,M",01,8M", X],N = diag | - ¢,1,
—ed, —el, - I, -1}, J, = [P,P,, 7, W] HI N,
=diag - egl, - I, - I},MH K = Mx~ ', L =
Pi'wit, XG)RAK ()W _REEREEH .

iE XTRG(4), EBREREE R B Vx, e,
t) = x"(t)Px(t) + e"(t)Pre(t). XBE P = X1 ,K
= MX~',L = P{'W,5 5} X, P, REBR%ER(5),
(6) HIFR. V(x,e,t) IRHIA R GL(4) XF ¢ T BECH
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V, = it 1(BEATWBRFEN) 2(a,p.7) FES

7)) Px(e) + () Pi(e) +
eT(t)Pre(t) + () Pre(t) =
£"{[(A + BK) + (AA + ABK)]"P +
P(A + BK) + (AA + ABK)]lx -
2¢"K"(B+AB)"Px+¢e"[(A-LC-ABK)"P,+
P (A-LC-ABK)]e+2¢"P,(ABK-LAC)x.
WESI B 1 Mg B 2, WIEHE ¢,,60,63,84, A
TS
V<
x"{(A + BK)"P + P(A + BK) + ¢, P* +
e7'a’l + €,P* + ¢3'PK'K + P{(1 + €3)BB" +
(1+e3")BIP + BPK'K + Iix +
e"1(A - LC)™P, + P\(A - LC) + e, K"K +
e;'Pt + K'K + P + Y?P|LLTP }e.
WRR(7), B)YHL, M v (2T, eMNT(£0) € 32,V <
OXTE B AHER 0, x Qp x 0, #MOL.
o, =
(A+ BK)™P + P(A + BK) + P2 + ¢7'a*I +
€,P? + ¢5'8*°K'K + P[(1 + 3)BB" +

(1+e3H)pIP+ PPK'K+ 1 <0, (7)
o, =

(A-LC)"P, 4+ Pi(A - LC) + ,°K'K +
e'P?+ K'K + P2+ Y’P\LL"P, < 0. (8)

RIETI 3 AEE UG R, BEFEAE
(D), () FEM TREEAEX(S),(6).
MAZEBEE, EEH K = wx' RARK(6)
Ja, R (6)EAE R LMI, B (5) , (6)FR A AL M 56 B
AEARGEQ -LMID) . ATLLE B M K ST A% (6)
BRI A M LB Y. — R Hb, KT K /N (FE TR
IEERERT), B I K BN, MAEEARER
(6) AT ARPERL K 2 IMI(S) B /% , A LFHF £
A THRE Q -LMI(5), (6) AT g, ZE X (5) &
I A—LR WA A S AR, Fln
(_bl MT)<0,b>O,X>aI,a>0.
M -1
(9)
Hep o f1d HA[EHSEL BT K o AN b, W/
T IKI, WiniE 7 2(6) BynT gk
3(a,B8,7)=:1(K,L):K=MX"',L=P;'W.
(X,M,P,, W) 2&(5),(6) BIRITTHE!.
(10)

B Y e < o 88,2(a;,8,7) c 2(a2,8,7);
BB < /i, Z(a,p1,7) c Za,B,7):H 7 <
72 BTj‘,Z(a,,B,)']) C 2(01».3’72).

iE REAEFEX(7),(8)5 Q-LMI(5),(6)
S IS S e R

it 2(IE R MBI B RAN) B (. 8.7)
=:min | || (K,L) || ,(K,L) € 3(a,8,7)| XTHE
MAHERF o, 8,y RBFIBHER.

RS RA SR A [F RS ) RS LA
TR 42 1) ) 40 J2 4 1) R ) BRI K4

SEREAE(5), (6) SRR D IR

1) E5KME LMI(5), T8 IEE X FRAERE X >
0,5 F M RIE¥ e, e, 635

2) H5EME K = MXHRAEREA S (6) , 715
— MR R, XT 22K 4% 7T 45 1E 8 X FRAE [
Py > 0 FERE W; R (6) X 4T#E, "I7EXN(S)
LR n—E LML Z93R(9), BdksE 1);

3) B K= Mx"',L =P WIRAKXQ),BRH
ERA(DHM_KEEREERSZF(3).
4 %4 (Example)

ZIEAE TN RESTEH(QMFRSR(), K
R RGHES RN

0 1 0 1.1 0
A{o o },B{l 0},
1 1.6 -2.1 0 1.1
[2.8 0 0] -
0 1.5 0

(11)

RGN AR RAZEERREN . RER
(1) _REgBRERER Q -LMI #H#EX(5), (6),
MM LML 93 (9) (a = 0.1,b = 5), AR RS
(1) WAHEBMNRKTEHA,Fa” = 0.68,8"
=0.176,7" = 0.178. WRIFLFIREK , 45 & 3 Y
KATEJRTEBA TSI, fli,e, = 0.17,a, =
0.34,a5 = 0.51;8;, = 0.044,53, = 0.088;7, = 0.
0445,7, = 0.1335.%f a = a;,8 = B,7 = 7. Kf#
A(5),(6), BRI N (K, L) i = 1,2,3,j =1,
2,k = 1,2, REER, HEEBRE s RRERR
B ARIMR 2 BEHEH, MERELHESK
B AR, EHAKELAE RN BR.
“o " RAR MY a = a, B = B,7 = 7 B,R(5),(6)
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%1 % y€[0,0.0445) 8ty B RI=H] Kok
Table 1 Layered control strategy in the case ¥ € [0,0.0445)

a € [0,0.17) a € [0,0.34) a € [0,0.51)
Ky = K = Ky =
[—4.4504 -3.7203 —1.2621] [—4.940Q -3.3484 —1.2025] [—5.7503 -2.7609 —1.1242]
ge [0,0.044) 2.5405 -3.0800 -1.3283 3.1623 -3.2634 -1.2845 4.0005 -3.8416 -1.5992
T 3.6983 0.9334 4.4881 0.7717 5.0808 0.2804
Ly = [1.6305 7.8311:| Ly = [1.3020 7.63221| L = [0.4298 9.4832
1.2127 6.2301 1.0740 6.0432 0.6903 9.6279
Ky = Kp =
[ -4,.5728 -3.3862 -1. 1399] [ -5.1952 -3.2987 -1. 1574]
2.9948 -3.2429 —1.3001 3.4365 -3.4829 —1.4490
g€ [0,0.088) T TUTT mURER o TR O TR e
4,2263 0.7588 4.8863 0.6961
Ly = [1.2807 7.9161:| Ly = [1.1492 8.10151|
0.9873 6.2744 0.9191 6.5557
%2 % y € [0,0.1335) 8¢9 45 BRI H RS
Table 2 Layered control strategy in the case ¥ € [0,0. 1335)
a € [0,0.17) x € [0,0.34) a € [0,0.51)
K, = K =
[—4.4504 -3.7203 —1.2621] [—4 9402 -3.3484 -1 20Q5]
2.5405 -3.0800 -1.3283 3.1623 -3.2634 -1.2845
€ [0,0,044) T T T DT T T e
7.1238 1.1553 4.6669 0.9136
L, = {1.7431 15.40861] L, = li1.5085 11.4060jl
2.4787 13.6546 2.0110 10.9954
K?_l =
[—4.5728 -3.3862 _1.1399]
2.9948 -3.2429 -1.3001
BE [(0,0.088) 77 TR TR e

4.3222  1.0030
Ly = [1.4692 711.5148]

1.9371  11.7667

Ma=a" =0.68,8 =y =00, %ERM®E LM
(5), B3 RMERE K = MX 'R ABEBEA%ER(6),
1B:0(6) LRI T#R B R, e (5) T IA LM Z95(9)
(a =0.1,b = 5) &8, Q-LMI(5), (6)[E}EH RI 17H#

_6.4650 - 2.3782 - 1.0985
4.5240 - 4.2957 - 1.93811°
6.9168 - 0.1930
L=]0.2605 12.6412
0.1938 10.5510

AL, 7E Q-LMI(5),(6)F 5| A LMI 4K (9), XK

K =

fi# Q-LMI [FIRE A 552K .
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