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ABSTRACT

In this paper, we provide a treatment of the H® -mixed
sensitivity optimization approach to feedback system
the effect of a
disturbance at the plant output and the effect of plant

design. With compromising between

perturbations, we propose an algorithm to design robust
controller, A H”—optimization problem is to be equivalent
to a Hankel-approximation, this enables the problem to be
solved using state-space methods based on balanced

realizations.
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Fig. 1. Unity feedback system.
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th B T UH T all-pass WL TsitiztE H® -norn
e o] glomg A (3.13)L

Tl = UT1llg (3.16)
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B = 61My
C = M262

© % inner-outer E3|& 4= glch. o7]A €13} 6:& inner
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A + BXC = A + O1M1XM262
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o BYY 4 Az, 7N X = MMy olch meiM 4
(3.34)& ol &3t A (3.31)& thr] 249,

inf _J]A + BXCll, = _inf _ [IA + 8:%82ll, (3.35)
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o2 BRY 4 rh inner AL 44U, F6* =01 § of
£31o] 4 (3.35)& thi} 2

liA + BXCll, = ll012A82* + Kllg

ller1a*ez + Xl (3.36)

22 FHY 4 Atk 4 (3.36)& Hankel-ZAlE Hej=z ¥

#3}7) sl
G = [01A%02].
Xo* = G - 81A*0;
v =%- X (3.37)

o2 Heostx, [-]. & BEES AAY WP GAY 3
Hog Uehud, 68 Xok H® ol #8128 4 (3.31)2

inf [lA+ BXCll, = inf _[IG + Y*| (3.38)
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Lyapunov 4]

AS + ZA* + BB* = 0 3.40)
A2+ A+ C*C =0 3.41)
o *e
ol 0
3= (3.42)
0 P

9} ol chstz]olof gt of7|A 3 = diag {0z, + - - ,0n
}olal, ot ) 02 2 - -+ 200 ) 0olth 2328 BY
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A
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R = T-1(012A22T + Z1A2235) - 01C2TUB.T)  (3.44)
B = 1382 + 01C2TV) (3.45)
= -C2Z) - o1UB2T (3.46)
D=-D+oiU (3.47)

& 2& sk 94714 BiBiT = 070 & WHRIW Ve 8
4 2Tt aelEg 4] (3.39)9) B) Y (AT, T, B,
Br) o 2@ 7HAch

ox|ate 2 AGuiAES X Al (3.37)% $E dg 4
AT, Al (3.6)& VESHE AoZle 4 (3.9)2 BH U
4 Qlcl,

4. A=A

of FolMe oAE Bl AtB dnFY ElGHE
Yot B712 %t &, EYUY AZHUTE AJYAII2 A
Al Aolr] HAREE Boln Aol edg sl
SISO 2] o & Ro|Zlrh

EANE P, HFYA W, & A (4.1)3 ol Fah

s + 1 1 s +1
P = W = ¥ = ———— (4.1)
5 - 2 s+5 s + 100
ENE PE 2204 Fsd
s+ 1 s -2 1-1
P = :1-{ } = ND-1 (4.2)
s -2 s+ 1

2 vlelhd 4 9131, Bezout identity 8 TrEElE U, V&

3
U= V=1 (4.3)
s +1
olth. A (3.11)oll 4 A% Gy, G, Hi, Hz, Hat
s -2 3(s - 2)
Gy = G2 = —————
(s + 1)(s + 5) (s + 1)(s + 100)
(4.4)
1 s -2 s -2
Hp = Hz = - Hz =
s +5 s + 100 s + 1
22 uepd 4 ok 4 (3.15)00Mek Yol Hs@
outer-inner Esig§ 3
5+ 2 8~ 2
Hy = M3¥3 = (4.5)
s+1 s + 2
olth. 4 (3.18)olM BAY K1, Ko=
(s + 2) 3(s + 2)
Ki = Kz = (4.6)

(s + 1)(s + 5) (s + 1)(s + 100)

oj31, 4] (3.20)8] M;2

(s + 7.5993)2 + 6,53832

M = (4.7)
(s + 5)(s + 100)
oz I, A (3.21)8 K& T34
-3(5+2)((s+8.5670)2+12. 45802 )(s~14. 8010)
T (s+1)(s+5)((s-7.5993)2+6.53832 ) (s+100)
(4.8)
olr}. 4] (3.23)9 F&=
-2(s + 2)
F = (4.9)
(s + 7.5993)2 + &, 53832
28 Fojrt BzAz 3.22%H |Fll, & 3
IFl, = 0.06712 (4.10)

ok [IFll, 2eh 2 18] k& Adeisted whgQl whye] o2l
EU =gt AXNE FE E 413 Ytk

HE 4.1 A ol = p ZHA (3.30))

A u
0.1 0. 8991
0.098 0.9244
0.095 0.9409
0.093 0.9959
0.0928 0.9990
0.092735 1.0000

E 41604 o ¢ Rl 4 (3.6)9 2HAE 0092735
olth. 4 (3.28)2) M

0.092735((s + 5.2448)% + 8.40532)

M = (4.11)
(s + 7.5993)2 + 6.53832
o]z, 4 (3.38)% G=
12,6501(s + 13.7001)
G = (4.12)
(s + 7.5993)2 + 6 53832
o3, 4 (4.12)9 FH3H 1P
-7.3993  6.5414 [3. 8470
A= B =
-6.5414 -7.7993 1.4662
L (4.13)

c=[3.a470 -1.4662] D=

[o]

olth. Al (3.40), (3.41)9] Lyapunov A& W& 4

(3.42)9] &) 5

1. 0000 0
Z= (4.
0 0.1378
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olt}. o714 oy = 1.0000, Z; = 0.1378 o|t}, ]z WT =
I 8B = -CiU § &%= Ue -1 0]2, T'E
[ =312 - 6121 = -0.9812 (4.15)

oltl. I3Eg A (3.43)3} o] A, B, X CE EuUsio 4
(3.44-47)91 %, B, T D8 3w

% = 10.2962 B = -1.7004
T = 1.6683 D = -1.0000 (4.16)
ojtk, a¥BR 4 (3.39)Y 3 y*'&
-1.0000(s - 7.4558)
Y* = (4.17)

(s - 10.2923)
olth, A (3.39)8] IIG + Y*ll, o 342 1.0000 &2 |Gy &

23 AP o4 4 gk 232E A (INEREH L&
4 e AfFuiAESs Xe

(4.18)

-0.09274(s + 2.4228)(s + 71.4274){((s +
Dx =

ojct, oAZAM Ny =
7.5961)2 + 6.53722)((s + 7.6022)2 + 6.53952) o],
(s +2){(s + 7.5993)2 + 6.53832)2(s + 10.2923) |t}
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E|
N
€= — (4.19)
D¢
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100)((s + 7.5961)2 + 6.53772)({s + 7.6022)2 + 6.53902)
o3, Dc = (s + 1)(s + 5)((s + 7.5964)2 + 6.53912)((s +
7.6021)2 + 6.53782) oltl,

A (4.19)8) #ol7] ¢ Y R=EUSE HAMA Y o
53} 99 FAE HED AJAHRE P

5 A=
2 =Rl u72A Zhit e &Yl ggie] ol
£ ths AuAade FA AN EAE chRdch F,
Hankel-2 L3t ol-&3lo] 2| H A7 g dAA2H, &
M2 vehhgitt

o] =8z #dte A4 AFHolol ¥ FAE ¢nE
2] WHEAE glYeEN TR ALEAE dE Zeold, vl
W A aslold BY 4] HP-HAHG Y 4 9dE
AxEo] Aygolch
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