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Convex Parameterization Approach for
Robust Stabilization of Systems with
Integral Quadratic Constrained
Uncertainties

GENG Zhi-Yong'

Abstract This paper studies the problem of robust controller
design for systems with integral quadratic constrained uncer-
tainties. By combining the method of Youla parameterization
with the criterion of robust stability, the problem of robust con-
troller design is converted into that of convex feasibility in RH>
space, and is further converted into that of finding solutions for a
frequency dependent linear matrix inequality. Thus, the robust
controller can be achieved by the method of rational matrix in-
terpolation on border.
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Fig.1 The configuration of uncertain feedback system
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# T(jw) = [*(jw) € RL®(CUmHmx(mEn)y KLy ff
Hermitian H 4 (#4435 & 8, BR A S 2t 3 7~ 11 2 I
IQCE! RIEBUP R
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Gaa(s)K(s))™F € RH®(CT*9), Wi w 5 2 {45 i i
B RARN:  Tow(s) = Gui(s) + Gia(s)K(s)(I —
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H) Lo = I, Loz = H11(G1~1 + G12MUpGoa1), ;H\QEP, M(s), 1(8) € RH™ A¥rFrit % P(s) MM, Al
Loz = Tz + Hi(Gui + G12MUoGa1) + (Gu1 + 13 P(s) = M~ (s)N(s),
G12MUyG21)* .
—2.564 5.647 1.956 1.956
M 1 = A ASALE 3 Y
1724 T (jw) = 0 1, & A5 (9) 10 Lo, Lo M Ly N(s) — | 003796 —1.762 | 0.05935 0.05935
Lo(jw) = Lo 22 (jw), Li(jw) = I{5G1aM, L,(jw) = MGay. —0.9379  1.116 1 0 ’
- . —0.9379 1.116 0 1
2. &
9 RH (49X (n+a)y . —2.564  5.647 | 0.5992 —1.39
(@l € ) ( ) ) _ (11) Ni(s) = —0.03796 —1.762 | 0.5036 —1.376
L(jw; Q(jw)) <0, Yw € R} T | 09379 —1116| 0 0 ’
FAES 2 62, g RH™(CP*) HF i ™M 4E, W) B0 A 09379 —1.116 0 1

RH™ 25 [a] f ™ vl AT P 1) . %0t R AROh S i i 28 1 5
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BRI 8 R W SRS Q(s) € 2, AILIEAIFIA W
TR s = (1— 2)/(1+2) . C¥A RN
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B F(2) = F((1—2)/(1 4 2)), HAEARS IR 0
F, F(s) € RH™ 2 545 R BUe b F(z) € RH™.

EIE 3. 2 #£ 0 MHAY, WEE 0 € [-n, 7], A1
Qo € CP*9 4§13 L(e’%; Qo) < 0.

IERR.  FIAMEHAE jw = (1 —e7%)/(1 + &%), 34
Qo = Q((1 — ) /(1 + €)), WL BAR. BLIFII 75
P 4z = e I AR ), A R, 34T
WG 0 € [0, 7] LA, B 6o(= 0), 01, 02, -+, On(=
) € [0, 7], W—EFAEL TR Qp(z) = Sop_, Quz®, 1
3 Qp(e’®) = Qo,, i = 0,1,2, -+, n, HIHBEREA I £ 15
IKELLNE, 2490 15 0o, 01, 0o, -+, 0, € [0, 7] TR AL
i, ZIAME Qp(2) — AL

L€ Q, (7)) <0, VO € [0,7] (12)

WA Qp(2) £ D ERRHTIA G, NI Qp(2) € H®. [
I Q (z) FERALIA OD : {z = |2 = 1} bL3&Egk, F¥L
XPEM AR B AIE N A, W Qu(z) € A, HITHE
4 RH™ 76 A h—8 % 29 i L(z,Q) 78 A —8UR+h
NIESNE, e Q € RH™®, i3 (12) Apkar. 4
Q(s) = Q((1 — 8)/(1 + s)), WMEKRH Q(s) € RH™, A
i L(jw; Q(jw)) <0, Yw € R, NI 2 # 0. O

3. EH 3 g TSRS HEEIE S Q) MY
Voo SR AR AR T R A8 9 R B A B Qp(2) =
SR QuzF, AR AR B 4> S (Partial realization)
W2 SR LR SR SR BT Qo IR E %L, Q(z) =
Qo + C(z7'T — A)7'B, i3 Q(2) AT/ K, A
Q(2) 18 SR SR IT B R B RT (n + 1) 55 2 150 2 0 b
Qp(z) M, B CA™'B = Qi, i =1, ,n, SJrRIHM Lk
P s = (1—2)/(1+ 2), REGEFHETISRSHOERE Qu(s).

E 4. DURERTEARBEAN SR (9) SRR M, H AT IE B
BRI A0, BARTE B S bl T e 3 AL A ek
R R R AR ) A R D S B A I A AR b I
SURESEAT BRAS, A TR 50 4 1 o B30 B Q () W AL AU AN 55
X, FERH KYP 51 B0 ARAE.

4 f5F
I8N B B A AN E R S
PA = (MJr AMA)il(N+ANA)

A € RH®(C*?) AAHEEM ), WLdh I =
diag (I, —I2) 5 X 1QC, b I, Jy 2 BB, Ma =
Na = diag (0.313, 0.313) ks MFE, sKETE A E N %
Pa(s) M¥EHI#s K (s). ¥ RS A SR FE I FRAETE X

[Z =G(s) w:| ,w=Az, u=Ky
y U
T SURRRR 5
G(S)— —~AM71 NA—MAP
| Mt P
WX Gao(s) = P(s) WX E R (7), AIKIFHE G(s)

HobsAiE B2 (Q(s)

Ko =V '(s)Uo(s)

0 i)

—3.281 —1.078 | 0.1756  0.1756
. 4.671 —3.467 | —1.372 —1.372

1.115 4.713 0 0

—0.3856  0.3944 0 0

TEFRFRIEHILS T B w 2 2 1L R BN
—1.649 1.797 —1.923 —1.923
0.06489 —2.172 —1.99 —1.99
Ti(s) =

0.6223 0.6634 —0.313 0

0.321 —0.03211 0 —0.313

SR, Ti(s) 5 A KIS IR LR 56K R B AR .
it (6) 38, M on [T ((1— *)/(1L+ )], 0 € [0,7],
BRORFFEAE RESAE 0 1A 2 vh i) X2 s, i B A
ICAIEL, T (s) A 1QC FRUE LRI A F. 202
N S HA T EAT T, SR E TR S8 Q(s),
M (7) 3N, Sodk G SRS N

K(s) = (Vo(s) + Q(s)N(s)) " (Uo(s) + Q(s)M (s))

—6.361 0.1128 | —1.624  —1.576
| 02067 —1.111| 0.2216  0.05948
0.08768  3.539 | —0.04977  0.4737
3283 1.379 | 1.201 1.325
TEEBEEEIR T, B ow 2 2 M1k ol
T.w(s) = Ti(s) + Ta(s)Qi(s) T5(s)
—0.945 —0.9236 | 3.135  3.331
0.8081 —2.875 | 6.553  7.705
0728  —0.1467 | —0.876 —0.4557
01984  0.1734 0 ~0.313
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