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Robust stability margin analysis of LQ design

for uncertain linear systems
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( Automation Department, Hangzhou Institute of Electronics Engineering, Zhejiang Hangzhou 310037, China)

Abstract: The problem of robust stability margin analysis of robust 1.Q design for uncertain linear systems was discussed.
Based upon a rn()dlﬁedrgbust difference equality, a robust bound with g, stability margin was presented. Then, robustness anal-
ysis approaches of robust 1.Q design for structured and unstructured uncertain systems were proposed respectively. For structured
uncertain systems, an approach was presented to improve the robustness through selecting a proper parameter and weighting ma-

trices. A design example of paper making process was given and corresponding simulation results were offered as well.
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2 o) @R H FE A 25X (Statement of prob-

lem)

ZRALUTREFBRHEAN — XNt R
(1) = (Ag+AA)x(2) +(Bo+AB)u(t), x(0) = x,.
: (D
Hrb x(1) € R" BRGHKRSER, u(t) ER"BER
SUEREA, 4 € R 1 By € R™™ REAIE
FERE ,AA 1 AB B Bl YR Ao STEE .
RGQ1) Frxt B PEREFS bR o

7= T a0Tx() & m(OTu()dr. (2)

XE Q >0,r>0.F5BIR(Ag, By) "TE, MA(1) By
XERL IR RGE = (Ag. Bo) (B AA = OFIAB = 0)
FIHEREHRIR Q) B RESRBBMLEF

u(t) =- Kx(1) = - r !By Px(1) 3
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PAp + ASP + Q - r"'PByB}P = 0. (4)
HARAZK(DFEAHEHEN, AR GBI ARE
ZiEZ N7

(t) = (Ag + AA - (Bo + AB)K)x(t) (5)
HIREHEEZH IR EEESHEZRIR .
3 WMERTEH6E % 4 (Conditions of robust
stability performance)

XEME X € R, g A(XND[e(x)]
A(X) o (X) 1 RNFRER X BB KHB/MFIEE
(FFRME).

3138 103 FHE T(s) = KO (s) B, 3} A = A,
+AA,B=By+AB,®(s)=(sI-A) ', K=r"!
B{P. MEHFEREERE o < 1, TR

a(I + T(s)) = aq, (6)
MHFE Lo WA R B S ERENEE
M = 1/(1 £ aq), &)
PM =+ cos™ (1 - a3/2). (8)

EBX 1 XABERG (D) MERRERE(2), W
REERSBEHMQ) . EFRE(DAFXR (D) MR
B) IR ERE MREAREAFRRLEG) S
B oo WETEN, u(e) AXDABHE oo BEEH.
4 & #1488 9 7 (Analysis of robust stability

performence )

EE1 MRGFEER e > 0,f > OM—AIE
EXFRIERE P > 0, AHE RE(1) WAERIELEW
AWEYE AA FAB, R

o2(AA) < e ' A(Q - 'P2 - FI), (9)

o2(AB) < (1 - @3)f/p. (10)
Hep = o2(P),MAELQ) TERESRMEHRG) F
WABEN TR RG(S5) BB o EREN, R
FX(10) ARG R oo BEBRENEER.

iE iEM=0Q-¢"'P_fI,A\X0O) TTH M
> 0,HH e?(AA) - A(M) < 0, \TTTH

A(eAATAA - M) < 2(eAATAA) + A(- M) <
A(eAATAA) - A(M) < e0%(AA) - A(M) < O.

(11)
A A

AATP + PAA < eAA™AA + 7 'P?,  (12)
LA

Q -AATP - PAA > fI. (13)
HA

r(I + K&(- s)B)'(I + K&(s)B) >

I+ f[B"®"(-s) - f'AB™P] -

(®(s)B - f'PAB] - f 'ABTPPAB >

rI - f-'ABTPPAB, (14)
% p =o*(P),b = c*(AB), M
(I + Kp(- s)B)"(I + KB&(s)B) > (1 - pb/r )I.

(15)

HROOMRA, T8

(I + KB(- s)B)™(I + KP(s)B) > a3. (16)
HARES I3 1 BpA4 @ BT . UEEE

FERAGZ(DWMTRANENATENE A4
AB

AA = Ek,A,, AB = ikB (17)

i=l+1

XH K EeR %Tlﬁﬁ*%,m € R>*"(i = 1,---,1)
B € R>*™(i =1 +1,,g) NBENLHIER.

EBE2 MEHFELEEE < > 0 M—PEEMNK
EEP > OTHRERS() EEHAER(17) BXR
MEWATEE AA M AB, B

Z | ki 16(A;) < (e7'A(Q - e 'P2 - F1))'2,

i} | k; 16(B;) < (r(1 - ad) f/p)"2, (18)

i=1l+1

MAGE(DERSRMRER Q) FTHRFEENTRLE
(S REE o BEREN, R HRIERLE() B o
BERTEEF(HREHE 1 HiESER).

R i Cauchy-Schwarz 7 %, 6] 18

| Z | ki 16(A) 12 < 2 | &; 12 - _Z’)Eﬂ(A,-).
(19)
A, ?ﬁﬁ(lS)ﬁE:‘L,,\
S ik AQo P o SD
=t 82&2(Ai)

r(1 - ad)f/p
2, k< Ty (20)
B EIRLE S SRR T AR E RGNS
B ao ¥ RS E YERE . LU LRI BH AT 1945 0 i F £

ACQ —e'P? - fI)

Ha = r}l%xp
5252(,1)
- T(l —ao)f/p
, Hb fl(r)lag(R“—%B) . (21)

Ho W R GSERERBHE R, Hb HWAEENEER.
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5 i&it=5 (Examples) - 83.6221 -3.5309 - 0.0251
EEEERTEIBRMIEAHERE T u(t) = { 4.4291 -98.9091 - 0.4678 [x(t).
A7 - 1.1098 0.9732 98.0258
(25)

-1.25 0 0 -0.07 0.07 0O
A={ 0 -15% 221}, B= 0 -157 0|,
0 0 -6 0 0 3.1

(22)
ky k» O ks 0 0O
AA:\:O ks h],AB:{o ke 0]. (23)
0 0 O 0 0 0
HREFE AR AUEE R

Q = diag (10000,10000,10000), r = 1. (24)
BEFERG)RITEMAER S, S
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MAHERRLTEERN, B E =0.5,k =
0.5,k = 0.5,k4 = 0.5,ks = 0.03,ks = 0.03(3E
2£);k, =-0.5,ky =-0.5,ks =-0.5,ky =-0.5,
ks = -0.03,ks = - 0.03(JELR) AR ESH, 3
ITHEELR fFAHE, BMAREER K TEER
. BWIFEESR. B K TEERERA—S k = 1.3,k
=0.6,k; = 0,ky = 0, ks = 0.06, kg = O(3EZR) ;M
ky =0,k, = 0,k3 =0,k =0,ks =0,kg = 1.63(HE
L URKTEBAEE k) =0,k =0,k; = 0,k
=0,ks = 0,k = 1.63 (AR B EELK,H5R
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H, and H, against f with 20 degree robust stability margins
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RIZER, G ABRUEZ S % ) AR RPIHR &
HTERGR S RERE T RSN R X
TR FAMNC #5125 508 20 .
6 %5t (Conclusion)

2 SC AR BE AR 0 4Z (FAM) Al 3 258 0 45 Sy B
B, 32— 89 5 BB 35 1 28 (FAMNC) , JF #4705
HB5 . e BB AR CZ (FAM) HRl B BT
BRI FAM JFHE IER T BRI FAM A — %
FAM K224 . SR J5 F P 1) 40 242 00 28 R R AR AL
W AUEL , SCBLA R #E 28 B 15 B, AT B FAM #
235 12 (FAMNC) . LA/NFEB] ST 138 0 45 i X R AT
THEHR, R\ T AT EMHTITHE.
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