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Robust and Gain-Scheduled > Synthesis for LFT
Parameter-Dependent Systems

Fen Wu and Ke Dong

Abstract—In this paper, we solve the robust H> synthesis
problem for linear fractional transformation (LFT) systems
affected by white noise disturbances. Using an intermediate
matrix, we develop robust and gain-scheduling control syn-
thesis conditions in linear matrix inequality (LMI) forms. The
newly proposed robust 7> control approach has been ap-
plied to several examples, and demonstrated less conservative
performance than other control designs based on robust H..
method.

I. INTRODUCTION

Robust control techniques, such as Ho, control and pu-
synthesis [1], [8], [17], are popular design tools for the con-
trol of complex and uncertain systems. Given an uncertain
system T is robustly stable, suppose that a suitable measure
of the performance of the system T is the rejection effect of
the disturbance signal d on the regulation or tracking error
signal e. Robustness performance analysis ascertaining the
induced /5 performance in the worst sense, i.e., with respect
to the uncertain elements in a given set. However, the robust
Hoo control techniques leaning heavily on robustness, and
is often not very satisfactory as a disturbance rejection
criterion. For example, if the disturbance is described as
a white noise signal, the best measure of the effect of the
disturbance signal on the error signal is the so-called Hy
norm [17]. This is because the induced ¢5 norm in effect
measures gain in the worst case to persistent sinusoidal
signals, and is obviously conservative in most applications.

Unfortunately, the Hs norm is difficult to extend to the
case where T is not linear time-invariant [15], [18]. Possible
extension of Hy performance index for uncertain systems
has been proposed in [15], which is basis dependent and
very complicated to solve. Reference [4] provided analysis
results of robust Ho performance for uncertain linear sys-
tems using multipliers. In [9], [10], a set theoretic approach
with signals in /5 is adopted for extending the concept of
‘H2 norm to uncertain linear systems. The definition of [9] is
based on the use of sets in Lo for approximating white noise
signals in the frequency domain, and is in spirit closely
related to the classical white-noise rejection interpretation
of the Ho norm. The attractiveness of this approach is
also partly due to the fact that tight robust analysis type
conditions may be derived for the computation of robust
‘Ho performance bounds. Moreover, [10] demonstrates how
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the infinite-dimensional conditions can be converted to a
state-space formula. Various robust o measures have been
compared in [11], which also provides extensive review of
recent progress in robust Hy research field.

Consider an uncertain linear system in LFT form

q(k) | =1Co Do 0| |p(k)|, (1)
e(k) Cl D10 0 d(k‘)
p(k) = A(k)q(k), 2

where x(k) € R", p(k),q(k) € R"™, e € R™ and
d € R™. All the state-space matrices have compatible
dimensions. Suppose A is a stable matrix. A is a time-
varying uncertainty which obeys the following structure

A = {dlag {(51[m1, .. '76817715’AS+17 .. .7As+f} :
57;ZR—>£2, ||(5,L||§17 izl,...,s,

Avej i R= 77 Al <1, 5 =10 f

where the operator norm on J; and A; is the induced ¢,
norm and Y75 m; + 21_, r; = n,. To reduce the con-
servatism of robust stabilization and performance control
problems, we will introduce the following scaling matrix
set

D= {dla‘g {Dlv"' 7Dsads+1l7“17"' 7ds+fI'r'f} :
Diesj—”xmia 1:17 y Sy ds—i—j>0; .]:17 7f}

Clearly, we have DA = AD for any A € A and D € D.
Defining the family of sets
o).

W, = {f e H [

where ||P(s)||oo denotes the maximum absolute value of
the elements of P(s) over s € [0, 27, || f|| denotes the ¢4
norm of f, and f(w) denotes the Fourier transform of f.
For fixed 7 > 0 and any not necessarily linear nor time-
invariant system T : (5 — (2, define

T, =

dw  s||f]?
27 2pm

I

ITf]-

sup
feWs, IIfll=1

Then it was shown in [9] that a suitable extension of the
notion of the Hy norm to the not necessarily linear time-
invariant system T is

ITll2 == v/ limy [T, G

This definition captures the white noise response character-
istics of T, and will be used in this paper.
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For time-varying uncertainties, the robust Hs analysis
condition for the uncertain system (1)-(2) has been derived
in frequency-domain [9] using a scaling matrix X € D and
a frequency-dependent function Y (e/“) with
X 0 jw X 0
0 I] M(e ) - |:0 Y(ejw):l <0, 4)

2m " dw )
/0 [V ()] 5 <t )

M*(e7*) {

where

j Doo Col, j -1
M) = + e’“I — A)™" By.
(@)= [ o] + &) o~ a1
Following the approach in [10], the discrete-time robust
‘Ho analysis condition can be converted into its equivalent
state-space form by determining positive-definite matrices
P_, Py and @, and scaling matrix X € D, such that

P 1 » A By "
X — [*] |: N X:| Co Doo > 0, (6)
L I_ _Cl Dlo_
P, T » (A Byl
X — [*] |: + X:| C() Dyo > 0, (7)
i I |C1 Do
Q  Bf
{Bl P, — P >0. (8)

tr(Q) <+v° (9)

This set of robust Ho analysis conditions is analogous to
robust H., results and expands the usefulness of robust
control theory.

Although the robust Hy analysis problem has been ad-
equately solved, there are less research work addressing
the synthesis of robust controllers based on the new Hs
performance measure. For time-varying uncertainty, we will
derive finite-dimensional control synthesis conditions for
robust and gain-scheduling Hy problems parallel to robust
‘H~ control techniques. The proposed approach is based
on an intermediate matrix variable and idea from [6],
which leads to convex synthesis conditions in LMI forms.
We will then apply the proposed robust Hsy techniques to
several examples, and demonstrate the advantages of the
new approach.

II. ROBUST H, STATE-FEEDBACK CONTROL
Given an open-loop uncertain linear system as

q(k) | _ [Co Doo 0  Doz| |p(k) (10)
6(]43) 01 D10 0 D12 d(k) ’
y(k) CQ DQO Dgl 0 u(k)

p(k) = A(k)q(k),
where v € R™* and y € R"™, and all the other variables
have their dimensions as before. We also assume

(A1) the pair (A, Bs) is stabilize and (A, C5) is de-
tectable,

(A2) D01 = and D11 =0.

In this part, the state information is assumed to be
available for measurement (y = x). We would like to
design a static state-feedback controller in the form of
u(k) = Fx(k), such that the robust Hs norm of the closed-
loop system is minimized. Correspondingly, the state-space
data of the closed-loop system is

l‘(k’—F 1) A+B2F BO B1 .T(k‘)
q(k) | = |Co+ Do2F' Doo 0| |p(k)|,
e(k:) Cl -+ D12F D10 0 d(k)

p(k) = A(k)q(k).

In order to derive a solvable synthesis condition, we will
introduce an intermediate matrix in place of P_ and P, [6].
It then provides common variables in conditions (6) and (7),
and separates matrix A from P_, P;. Through the matrix
variable replacement, we will have the following condition
for robust Hy state-feedback control synthesis.

Theorem 1: The uncertain system (10)-(11 is robustly
stabilized using a state-feedback control and has its robust
‘H2 norm less than v for all A € A if there exist positive-
definite matrices P_, Py € 8?*" and Q € S}**"¢, scaling
matrix X € D, rectangular matrices M € R™*" and
V € R™*" such that

VI4+V - Py . ]
X
AV + BoM ByX | Py > 0, (12)
CoV + DoaM Do X X
| C1V + D1sM  DipX I |
VI +V - P_ . i
X
AV + BoM  BoX | P_ >0, (13)
CoV + DoaM Do X X
L C1V 4+ Di1oM DX I i
Q@ B ]
B, P, -P| >0, (14
tr(Q) <. (15)

Furthermore, the robust state-feedback controller is given
by u(k) = MV~ tx(k).
Proof: We define F := MV ~L. Since P,,P_ > 0,
we have
Pl >v TV +v-POVT
Plt>vTwr4v-p vt
for any non-singular matrix V. Therefore, a sufficient

condition that guarantees the robust /5 analysis condition
(6)-(9) is

VITWVT+V -PVt

X1 *
A+ ByF By Py > 0,
Co + Do F Dyo X
Ci + Do F Dio I
(16)
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VITvT+v -—p)v!

X1 *
A+ BoF By P_ >0,
Co + DogoF Dqo X

C1+ Do F D1 I

(17)
T

[gl P+B_1 P} >0, (18)
tr(Q) < 72 (19)

Multiply diag {V?, X,I,I} from the left side, and its
transpose from the right to eqns. (16) and (17), and use
the transformation M = F'V, we obtain (12)-(14). |

It is also possible to consider output-feedback controllers
for robust Ho synthesis. However, similar to the robust H
control problem, the resulting control synthesis condition
for robust Hy output-feedback will be in non-convex form.
The details will not be provided here.

ITII. GAIN-SCHEDULED Hy OUTPUT-FEEDBACK
CONTROL

If we assume the parameter A(k) is measurable in real-
time, then it is possible to consider a parameter-dependent
output-feedback control as

:Z}k(k) Ak Bkl BkO Ik(k)
u(k) | = [Ce1 0 Dpo| | y(k) |, (20)
qr (k) Ciwo 0 Duioo| |pr(k)

pr(k) = A(k)qr(k), 2D

which has the same parameter dependency as the LFT
plant. This provides a gain-scheduling control of original
parameter-dependent system.

For the given output feedback control, the closed-loop
system becomes

z(k+1 z(k
( ) Acl BO,cl Bl,cl ( )
aw | _|oe e ] p(k)
k - 0,cl 00,cl 01,cl k ’
_alk) Ci,a Dioe Dita pe(k)
e(k) ,C 0,c ,C d(k‘)
(22)
pi(k) Ak)| lak(k)]”
where the closed-loop data are defined as
Acl BO,cl Bl,cl
Co,ct Doo,et Dot
Cret Dioer Diie
A 0| By 0| B 0 By O
0O 0| 0 0| O I 0 O
= Cy 0| Dgyg 0] O +1 0 Dy O
0O 0| 0 0|0 0o o0 I
Cl O D10 0 O O D12 O
A Bri Bro 0 I| 0 0] O
X |Cr1 0 Do Cy 0| Doz 0] Dy
Cio 0  Dgoo 0O 0| 0O I| O

with Do1,; = 0 and Dgg o = 0 as desired.

Similar to the state-feedback case, we will provide a
convex synthesis condition for gain-scheduling H> control
synthesis. Note that the intermediate matrix V' need not to
be symmetric, thus leads to less conservative results.

Theorem 2: The LFT system (10)-(11) is exponentially
stabilized by an LFT output-feedback controller and has
its robust Ho norm less than ~ for all A € A, if
there exist positive-definite matrices 7,7 € S7"**" and
Q € Sidxnd, scaling matrices L, J € D, square matrices
R,S,U € R™ ™, such that

T-T, Gy  Gh  GL ]
L I
(5 D)len b o
G31 G'32 T, >0,
L I
Gu Ga2 <I J)
L Gsi G52 I
(24)
s ¢ o o
L T
(7 5)let b b
Gz Gs2 T >0,
L I
G Gao (I J>
L Gs: G I |
(25)
Q Hj,
>0, 26
|:H21 T, —T_ (26)
tr(Q) <7, 27)
where
7 S+S8T 140t
“\U+I1I RT+R)’
AS A By BoJ
G31 Gso 0 RA | RBy 0
Gy Gaol| = 0 LCy | LDy 0
Gs1 Gso CoS Cy | Dog Do
1S 4 Dio  Diod
0 B 0]
I 0 0 A Br1 Bio
10 0 T||¢y 0 Do
0 Doy O Cro 0 Dioo
0 D 0
[T 0 0 0
X 0 CQ D20 0 s
0 0| 0 I
Ay By Bro 0
B 0 By O A .
Hy = [RBlj + L 02 O} Cri 0 Dpo| | D21
Cro 0 Dioo 0

Moreover, one of nth-order LFT output-feedback controller
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gains are
A Br Bio M RB, 0]
Ckl 0 DklO =10 I 0
Cro 0 Do 0 LDy Ly
Ay By By RAS 0 RByJ
X Cia 0 Dpio| — 0 0 0
Ck() 0 Droo LC()S 0 LDgyJ
N o o]
X CQS I D20J 5 (28)
0 0o JI
where M N = U — RS, Lo, Jo are commutable with A and
LoJl =1-1LJ.

Proof: Since
P>V T4V —P )V =V,
PL>v TVl - P v i=T

for any non-singular matrix V, we have a sufficient con-

dition that guarantees closed-loop stability and bounds its
robust Ho norm for closed-loop LFT systems as

[ VJF 1 AIZ; C]O:Ccl C]licl ]
X Byu Dy Dioa
Acl BO,cl P+,cl > Oa (29)
Co,ct Doo,a X
Cre Dio,a I |
[ V* AZ; Cngcl C{cl |
X71 Bg:cl D(?O,cl D,{O,cl
Acl BO,cl P—,cl > Oa (30)
Co,et Doo,el X
_Cl,cl DlO,cl 1 i
Q B, }
X >0, @1
|:Bl,cl P—i—,cl - P—,cl ( )
tr(Q) <. (32)

We will partition the matrices V, V' ~! compatibly to plant
and controller state dimensions 7, ny

S 7 1 RT 7
=V vl
with U := RS + M N, and also partition matrices X, X -1
as
- J J2 -1 _ L L2
x=lp ol =g o)

where Lo JI =1 — LJ.
We then apply the congruent transformation on the
closed-loop LFT system as suggested in [6] and [7]. Let
T

I
Z.:|:0 MT,then
s T o, [S T
VZ—[N 0], ZVZ—[U R].

We also define transformation variables 1/, and W5 as

L I I J
Wl - |:ng 0:| 5 W2 - |:0 Jé]{l )
then XW; = W5 and
L I
WEXW, = [ 7 J] :
Also we have
ZT (AqV) Z zT (Bo,aX) Wy ZTBLCZ
W (CoaV)Z W (Do X)W1 W Doy o
(Cr,aV)Z (D10,aX) W1 Di1,a
AS A By ByJ | By
0 RA | RBy 0 RB,
= 0 LCy | LDy 0 0
CoS Doy Dgod 0
ClS Cl DlO Dl()J 0
[0 By © . R R
I 0 0O A, Bri  Bo
+10 0 T | |Cka 0 Do
0 Doz O | [Cho 0 Do
| 0 D2 O
[T 0 0 0] O
X 0 CQ Doy 0] Doy s
1 0 0 0 I]| O

where the transformed controller data relates to the original
(A, Br1, Bro, Cr1, Cro, Di10, Droo) in the following way

A, B Bro RAS 0 RByJ
Cei 0 Dpiol=1] 0 0 0
éko 0 DkOO _LC()S 0 LDO()J
M RBy 01 [A:x Bu Bro
+10 I 0| [Cr1i 0 Do
|0 LDo2 La| |Cko 0  Dygoo
[N 0 0
X CQS 1 DgoJ (33)
L0 0 Jf

Multiply diag {I,1, 27, W{' I} from the left side, and its
transpose from the right to eqn. (29), and define 7T, =
ZTP, 0Z,T- = ZTP_ ,Z, we get the condition (24).
Condition (25) can be proved similarly by multiplying
diag {L ZT} and its transpose on the eqn. (30).

Finally, since both matrices

M RBy, 0 N 0 0
0o I 0 CoS I Dyl
0 LDy Lo o o JI

are non-singular, the gain-scheduling output-feedback con-
troller gain can be determined by inverting eqn. (33). H

IV. EXAMPLES

In this section, two examples will be used to demonstrate
the proposed approach. One is the two-disk problem, the
other is the active magnetic bearing (AMB) problem.
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For the state-feedback approach in Section 2, a two-disk
problem will be used. This problem has been analyzed in
[16] and its dynamics is represented by

My [ (t) — Qi (t)ra ()]
= —brl( ) k( 1(t) +ra(t) + f(1), (34
My [i( )ra(t)]
= *brz( ) k( 1(t) +72(t)), (35)

where 71,7y are positions of the first and the second slider
relative to the center. )y, {)s are angular velocities of the
first and the second rod varying between [0, 3]rad/sec and
[0, 5]rad/sec, respectively. f is the control force on the
first slider along the slot. The masses of both sliders are
M; = 1.0kg and My = 0.5kg, the damping coefficient is
b=1. Ok;g/sec and the spring constant is k£ = 200N /m.

Define 0, = 21 —1, §y = 22 —1, then 0y, 8 € [—1,1].
Letxl—rl,xg—rz,xg—rl, T4 =72, u= fandy =7y,
then the system T’p» of plant model (34)-(35) can be written

as an uncertain system in LFT form

X A BO Bl B2 v
¢ =|Co Dw 0 De| Ml 36
y Ci Dy 0 Do v
_ |0
p= { 52} q, (37
with state space data as
0 0 1 0
0 0 0 1
A= 4.5 — k _k _ b 0 )
LM My M .
v 12.5 — 37 5
(1 0 0 0
OO__O 10 O,Cl—[() 1 0 0],
[0 0 0 0 0
0 0 0 0 0
Bo=\,5 o |'D1= ?\41 o | B2= ﬁl )
0 125 0 &t 0
2

We assume all the states including positions 71, 72 of the
sliders and their velocities are measurable for state-feedback
control use. The design objectives are quantified by rational
weighting functions

0.3s+ 1.2 s+0.1
Wels) = — o2 W) = o
(8) =~ 00 (5) = 001s + 125
s+0.4
Wn = ——, Wa = 000001,
(%) = 5015 7 400 (s)
1
Aet(s) = Gots 110

The continuous time plant will be discretized through
zero order hold with sample time of 0.0lsec. Then the
performance of robust Ho state-feedback control and H
control will be compared, as shown in Table 1.The Ho

performance shown in table is divided by the square root
of number of inputs, as defined in (3), which makes two
performances comparable.

TABLE I
PERFORMANCE COMPARISON OF ROBUST H2 CONTROL.

Method induced /5 norm
H o state feedback control 0.898
Ho state feedback control 0.478

It can be seen clearly that the proposed robust Ho
synthesis approach provides less conservative results than
Hoo control method. This is due to smaller disturbance set
in the definition of robust Hs approach.

As another example, an active magnetic bearing (AMB)
system will be used for the gain-scheduling output-feedback
‘Ho control. Owing to the linear dependence of the plant
dynamics on the rotor speed, the nonlinear gyroscopic
equations of AMB can be simplified to a set of linear time-
varying differential equations as

06 = 1 (—4@59 +2c100 + fao),  (38)
o) = ! — (el + 2010y + fay) . (39)
bo = % (e + 2dold — dypp) , (40)
G =~ (ew + 280 — i), (1)

where p denotes the rotor speed. 6, ¢ are the Euler angles
denoting the orientation of rotor centerline. J,, J, are the
moment of inertia of the rotor in axial and radial directions,
respectively. ¢g, ¢, are the differential magnetic flux from
electromagnetic pairs, eg, e, are the corresponding differ-
ences of electric voltage. fag, fay are disturbance forces
caused by gravity, modeling errors, imbalances, etc.

Let 27 = [0 b 0 ) ¢p oy, dF =
[fao  fay], and u” = [ey ey]. In automatic balancing
design, fqo and fqy are typically modeled as sensor noise
on the measured rotor displacement. Under this assumption,
the linearized equations (38)-(41) can then be written as the
following LPV system

el =| C1 D11 Do djl,
Yy Co Do D2 |u
where the state-space data are

0 0 1 0 0 0
0 0 0 1 0 0
4co pJa 2cy

—=2 0 0 - £ 0

A(p) = 0 B 47% pf: OJT R % 7
0 = 0 0 0 -5
_ _ 1 04><2
By = Ogx2, By = N [ I
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0
,C1 = ] v D11 = O4x2, D12 = [ j-w} ,
2

-D21 = 127

Iy 0O2x4
02x6
Cy = [l 02x4],

For gain-scheduled control, the rotor speed p is assumed to
be available in real-time for control use.

For gain-scheduled control, the rotor speed p is assumed
to be available in real-time for control use. The rotor speed
is assumed to vary from 315rad/s to 1100rad/s. The rotor
dynamics exhibits strong gyroscopic effects in this speed
range. The affine LPV system will then be converted into
the LFT parameter-dependent system form.

The design objective of gain-scheduling control is to
stabilize the system over large range of rotor speeds and
minimize the disturbance effect on gap displacement at
bearing locations. These design requirements are quantified
by weighting functions from frozen parameter design.The
weighting functions are chosen as

10(s + 8)
Wels) = 10001
Wi (s) = 0.0011.

Doy = O2x32.

0.01(s + 100)
I Wy(s) = ——o T )
2 w(%) = = 100000

2

TABLE I
PERFORMANCE COMPARISON OF GAIN-SCHEDULING CONTROL.

Method Induced ¢5 norm
Hoo output feedback control 8.458
Ha output feedback control 2.640

The time-domain simulation of proposed Ho gain-
scheduling control is shown in Figure 1, where the dis-
turbances fg9 and fgy are chosen as step inputs with same
magnitude 0.001m but opposite sign. As can be seen, the
gain-scheduling Ho controller renders the displacements
converging to zero quickly.

V. CONCLUSIONS

In this paper, we have developed robust and gain-
scheduling control techniques based on a robust Hs mea-
sure. The proposed robust control techniques are most
suitable for white noise rejection and response to impulse
inputs. Through several examples, it has been shown that the
robust Hy control method could provide less conservative
performance than the popular H., control theory.

REFERENCES

G.J. Balas, J.C. Doyle, K. Glover, A.K. Packard, and R. Smith, p-
Analysis and Synthesis Toolbox, Mathworks, Inc, Natick, MA, 1991.
[2] G. Becker, Quadratic Stability and Performance of Linear Parameter
Dependent Systems, Ph.D. dissertation, University of California at
Berkeley, CA, 1993.
M. Chilali and P. Gahinet, “H, design with pole placement con-
straints: An LMI approach,” IEEE Trans. Automat. Contr., AC-
41:358-367, 1996.
[4] E. Feron, “Analysis of robust H2 performance using multipliers
theory,” SIAM J. Contr. Optim., 35(1):160-177, 1997.
[5] AM. Mohamed and I. Busch-Vishmiac, “Imbalance compensation
and automation balancing in magnetic bearing systems using the Q-
parameterization theory,” IEEE Trans. Contr. Syst. Tech., 3(2):202-
211, 1995.

[1

—

[3

[t}

[6]
[7]

[8]
[9]
(10]

(1]

[12]
[13]

[14]

[15]
[16]
[17]

(18]

2856

x10°"

— displacement 1
—-_displacement 2

6 H

displacement (m)

5
Time (s)

(a) Displacement

— control force 1
—-_control force 2

0.02 4

-0.02

-0.04

control force (N)

-0.06

-0.08

~o0.12 L L L L L L L L L

5
Time (s)

(b) Control force

Fig. 1. Time-domain simulation of gain-scheduling H2 control

M.C. de Oliveira, J. Bernussou, J.C. Geromel, “A new discrete-time
robust stability condition,” Syst. Contr. Letts., 37:261-265, 1999.
M.C. de Oliveira, J.C. Geromel, and J. Bernussou, “Extended Hso
and H o norm characterizations and controller parameterizations for
discrete-time systems,” Int. J. Contr., 75:666-679, 2002.

A. Packard and J. Doyle, “The complex structured singular value,”
Automatica, 21:71-109, 1993.

F. Paganini, “Frequency domain conditions for Robust H2 perfor-
mance,” IEEE Trans. Automat. Contr., AC-44(1):38-49, 1999.

F. Paganini, “Convex methods for robust H2 analysis of continuous-
time systems,” IEEE Trans. Automat. Contr, AC-44(2):239-252,
1999.

F. Paganini and E. Feron, Linear Matrix Inequality Methods for
Robust Ha Analysis: A Survey with Comparisons, in Advances in
Linear Matrix Inequality Methods in Control (Ed. L. El Ghaoui and
S.-I. Niculescu), SIAM, 2000.

PL.D. Peres, S.R. Souza, and J.C. Geromel, “Optimal H2 control
for uncertain systems,” in Proc. Amer. Contr. Conf., 1992.

LR. Petersen and D.C. McFarlane, “Optimal guaranteed cost control
of uncertain linear systems,” in Proc. Amer. Contr. Conf., 1992.
C.W. Scherer, P. Gahinet, and M. Chilali, “Multiobjective output-
feedback control via LMI optimization,” IEEE Trans. Automat.
Contr., AC-42:896-911, 1997.

A.A. Stoorvogel, “The robust Ho problem: A worst case design,”
IEEE Trans. Automat. Contr., AC-38:1358-1370, 1993.

F. Wu, B. Lu, “On convexified robust control synthesis,” Automatica,
40(6), pp. 1003-1010, 2004

K. Zhou, J. Doyle and K. Glover, Robust and Optimal Control,
Prentice-Hall, Upper Saddle River, NJ, 1996.

K. Zhou, K. Glover, B. Bodenheimer and J. Doyle, “Mixed H2 and
Hoo performance objectives I: robust performance analysis,” I[EEE
Trans. Automat. Contr., AC-39:1564-1574, 1994.



	MAIN MENU
	Go to Previous Document
	CD-ROM Help
	Search CD-ROM
	Search Results
	Print


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (None)
  /CalCMYKProfile (None)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveEPSInfo false
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /ArialNarrow-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Oblique
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldOblique
    /Times-Oblique
    /Times-Roman
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f300130d330b830cd30b9658766f8306e8868793a304a3088307353705237306b90693057305f00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /FRA <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <FEFF005500730065002000740068006500730065002000730065007400740069006e0067007300200074006f0020006300720065006100740065002000500044004600200064006f00630075006d0065006e007400730020007300750069007400610062006c006500200066006f007200200049004500450045002000580070006c006f00720065002e0020004300720065006100740065006400200031003500200044006500630065006d00620065007200200032003000300033002e>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


