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Abstract— In this paper we propose LMI methods for
designing dynamic/static anti-windup compensators to im-
prove regional performance and stability of linear control
systems with saturating actuators. Algorithms are developed
for minimizing the upper bound on the regional L2 gain for
exogenous inputs with L2 norm bounded by a given value, and
for minimizing this upper bound with a guaranteed reachable
set or domain of attraction. Based on the structure of the
optimization problems, it is shown that for systems whose
plants have poles in the closed left-half plane, plant order
dynamic anti-windup can achieve semiglobal stability and
finite L2 gain for exogenous inputs with L2 norm bounded by
any finite value. The problems are studied in a general setting
where the only requirement on the linear control system is
well-posedness and internal stability.

keywords: anti-windup synthesis, L2 gain, reachable set,
domain of attraction, LMIs

I. INTRODUCTION

Anti-windup compensation has evolved from mere
heuristics at its early stage of development, to systematic
design procedures based on various optimization tools in
the last decade. More recently, some structural interpretation
about the achievable performance of linear anti-windup for
linear saturated control systems has been revealed through
rigorous theoretical analysis. Over the last decade, system-
atic approaches have been proposed based on robustness
and H∞ optimal control [4], [5], [6], [8], [15], [18], and
extensive numerical design algorithms have been developed
based on LMI optimization tools [1], [2], [7], [3], [9],
[11], [10], [16], [17], [20]. Among these papers, [17]
studied the general case where the controller is dynamic,
the exogenous input directly enters the actuator and there
is a correction term in the output equation of the controller.
In [17], static anti-windup compensators were constructed
for global stabilization and reduced L2 gain performance.
These synthesis problems were cast for the first time as
convex optimization problems with LMI constraints for the
general configuration.

The recent work [9] reached further by proposing an
LMI-based synthesis method for the construction of dy-
namic anti-windup compensators guaranteeing finite L2

gain on control systems with exponentially stable plants.
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It was concluded that, for this class of systems, the global
L2 gain can always be made finite by designing the dynamic
anti-windup compensator with the algorithm developed in
the paper. This conclusion promises global stability before
the anti-windup compensator is constructed, even before the
linear controller is designed, thus providing full confidence
in designing a linear controller for the best local perfor-
mances.

While the boundedness of the global L2 gain provides a
guaranteed global performance of the closed-loop system,
it might be conservative for practical situations where
the L2 norm of the exogenous input is bounded below
a known constant. Moreover, for non-exponentially-stable
plants, global finite L2 gain cannot be achieved through
bounded inputs and it becomes of high interest to determine
a regional finite L2 gain for a class of norm bounded inputs.
These situations motivate us to characterize the nonlinear
L2 gain for general systems with anti-windup augmentation
and to design an anti-windup compensator to minimize the
L2 gain for a class of norm bounded inputs.

An attempt to characterize the L2 gain for norm bounded
inputs has been made in [19]. The main result is based
on the assumption that the deadzone function lies within
a sector [0,K] with K < I during the operation of the
system. However, for the general case where the exogenous
input directly enters the actuator, exogenous inputs with
arbitrarily small L2 norm may yield actuator inputs with
arbitrarily large L∞ norm. Hence there exists no K <
I such that the deadzone function can be bounded by
[0,K]. It is therefore clear that, for a general anti-windup
configuration, the idea of using a narrowed sector to replace
the global sector [0, I] for regional performance analysis
will not go through.

In our concurrent paper [14], we developed regional
analysis tools for characterization of the nonlinear L2 gain
and the reachable set for a class of norm bounded inputs,
and for the estimation of the domain of attraction for
general anti-windup systems where the only assumptions
are well-posedness and local stability. The regional anal-
ysis results were based on a flexible description of the
saturation/deadzone function in terms of an auxiliary linear
function of the state. This description generalizes the tools
developed in [13], [12] for stability analysis. Because of
this flexible description, all the regional analysis results in
[14] were able to be presented in the form of LMIs.

In this paper, we will propose design methods for the
construction of dynamic anti-windup compensators that op-
timize the regional L2 gain of the resulting closed-loop. Our
results correspond to the generalization of the constructions
in [9], where global L2 gain was enforced on the closed-
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loop system (so that the approach was only applicable when
dealing with exponentially stable linear plants). Moreover,
our results generalizes the LMI approach for static anti-
windup design proposed in [7] also to the dynamic case,
so that the construction of [7] leads to our same results
when setting the anti-windup state size to zero. 1 Similar
to [9], we provide LMI-based constructions for static and
plant order anti-windup designs. These designs will lead to
regional results if the plant is exponentially unstable and to
semi-global results if the plant is marginally unstable (in
both of these cases, global results are not achievable with
linear compensation).

This paper is organized as follows: In Section II we
formulate the problems that will be addressed in the paper;
in Section III we state the LMI-based feasibility conditions
for regional anti-windup design; in Section IV we give the
procedure for the anti-windup construction (which is based
on the solution to the feasibility conditions); in Section V
we illustrate the proposed constructions on a numerical
example.
Notation For compact presentation of matrices, given a
square matrices X we denote HeX := X + XT . For
P = PT > 0, denote E(P ) := {x : xT Px ≤ 1}. We will
call a linear system “marginally unstable” if it has poles on
the imaginary axis but has no poles in the open right half
plane.

II. PROBLEM STATEMENT

Consider a linear plant,

P
⎧⎨
⎩

ẋp = Apxp + Bp,uu + Bp,ww
y = Cp,yxp + Dy,yuu + Dp,yww
z = Cp,zxp + Dp,zuu + Dp,zww

(1)

where xp ∈ R
np is the plant state, u ∈ R

nu is the control
input, w ∈ R

nw is the exogenous input (possibly containing
disturbance, reference and measurement noise), y ∈ R

ny is
the measurement output and z ∈ R

nz is the performance
output.

Assume that an unconstrained controller has been de-
signed,

C
{

ẋc = Acxc + Bc,uy + Bc,ww + v1,
yc = Ccxc + Dc,uy + Dc,ww + v2,

(2)

where xc ∈ R
nc is the controller state and yc ∈ R

nu is the
controller output, v1 and v2 will be used for anti-windup
augmentation. In the case without plant input saturation
(therefore, without any anti-windup compensation), the so-
called unconstrained closed-loop is formed by setting

u = yc, v1 = 0, v2 = 0. (3)

In our study we assume that the unconstrained closed-loop
system has the following property.

Assumption 1: The unconstrained closed-loop system
(1), (2), (3) is well posed and internally stable.

1Note however that the approach in [7] does not lead to LMIs when
used for the dynamic case, whereas our approach leads to convex tools
both for the static and for the plant order anti-windup compensation
design. In addition, the case where the plant has a feedthrough term is
not covered in [7], whereas we address that case, and the arising algebraic
loop implications, in this paper.

In the presence of actuator saturation, the relation be-
tween u and yc is described as u = sat(yc), where sat(·) :
R

nu → R
nu is a saturation function with its ith component

depending on the ith input component yci as follows:

satūi
(yci) =

⎧⎨
⎩

ūi, if yci ≥ ūi,
yci, if − ūi ≤ yci ≤ ūi,
−ūi, if yci ≤ −ūi.

(4)

To avoid or to minimize performance degradation caused by
saturation, the closed-loop system will be augmented with
the following anti-windup compensator

AW
{

ẋaw = Aawxaw + Baw(yc − sat(yc))
v = Cawxaw + Daw(yc − sat(yc)),

(5)

where xaw ∈ R
naw , v =

[
v1

v2

]
∈ R

nc+nu , and the uncon-

strained interconnection (3) is replaced by the following
anti-windup interconnection

u = sat(yc). (6)

The resulting nonlinear closed-loop (1), (2), (5), (6) is
depicted in Figure 1 and will be denoted anti-windup
closed-loop henceforth.
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Fig. 1. The linear anti-windup closed-loop system.

Denote xcl =
[

xT
p xT

c

]T
. The configuration in Fig. 1

can be described by the following equation

ẋcl = Aclxcl + Bcl,ww + Bcl,qq + Bcl,vv (7)

z = Ccl,zxcl + Bcl,zww + Bcl,zqq + Bcl,zvv (8)

yc = Ccl,yxcl + Bcl,yww + Bcl,yqq + Bcl,yvv (9)

where v depends on q := yc−sat(yc) through the dynamics
of the anti-windup. Here all the matrices are uniquely
determined by those of the plant (1) and the controller (2).

For the system in Fig. 1, an LMI-based synthesis method
was developed in [9] for designing dynamic anti-windup
compensators to minimize an upper bound of the global L2

gain (the approach being therefore only applicable to the
case where the plant is exponentially stable). The objective
of this paper and our concurrent work [14] is to develop
synthesis tools for general control systems whose plant may
be not exponentially stable. For these systems, linear anti-
windup cannot induce global finite L2 gain. Therefore, we
need to restrict our attention to a class of inputs w whose
L2 norm is bounded by a given value, i.e., ‖w‖2 ≤ s for
a given s. Due to this restriction, not only it becomes of
interest to minimize the arising regional L2 gain, but also
to provide guarantees both on the reachable set from such
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a bounded input and on the domain of attraction ensured
by the corresponding anti-windup compensator. We will
therefore address design problems reported next, where we
denote the closed-loop state by x := [xT

p xT
c xT

aw]T and its
dimension by n := np + nc + naw.

Problem 1: Consider the plant (1), the controller (2) and
a bound s on ‖w‖2. Design an anti-windup compensator
(5) such that the relation

‖z‖2 ≤ γ‖w‖2, ∀w such that ‖w‖2 ≤ s, x(0) = 0 (10)

is satisfied with a minimal γ.
Problem 2: Consider the plant (1), the controller (2) and

a bound s on ‖w‖2. Given a desired reachable set Rp ⊂
R

np . Design an anti-windup compensator (5) such that with
x(0) = 0 and ‖w‖2 ≤ s, we have xp(t) ∈ Rp for all t > 0
while (10) is satisfied with a minimal γ.

Problem 3: Consider the plant (1), the controller (2) and
a bound s on ‖w‖2. Given a desired stability region Sp ⊂
R

np . Design an anti-windup compensator such that for all
xp(0) ∈ Sp, there exist xc(0) ∈ R

nc , xaw(0) ∈ R
naw

to make limt→∞ x(t) = 0 while (10) is satisfied with a
minimal γ.

III. REGIONAL ANTI-WINDUP DESIGN: FEASIBILITY

In this section present a set of feasibility conditions for
solving Problems 1 to 3. The construction of anti-windup
compensators which solve each of the problems will be pro-
vided in Section IV. We first address the feasibility problem
of anti-windup design for optimal L2 gain from bounded
inputs, then augment the problem with extra requirements
such as guaranteed reachable set and guaranteed domain of
attraction. As with the global results of [9], the regional
results would involve nonconvex conditions for a generic
order of the anti-windup compensator but reduce to convex
conditions when the anti-windup compensator is static or
of the same order as that of the plant.

A. Optimal L2 gain for bounded inputs

The following theorem establishes feasibility conditions
corresponding to Problem 1 for the plant order case and the
static case, respectively.

Theorem 1: Consider the plant (1) and the controller (2)
satisfying Assumption 1. Assume that xp(0) = 0, xc(0) = 0
and ‖w‖2 ≤ s.

1) an optimal plant-order anti-windup compensator solv-
ing Problem 1 can be constructed based on the op-
timal solution (R11, S, Z, γ2) to the following LMI-
optimization problem in the variables R11 = RT

11 >

0, S = ST :=
[

S11 S12

ST
12 S22

]
> 0, γ2 > 0, Z, whenever

the corresponding constraints are feasible:

min
Z,R11,S,γ2

γ2, subject to

He

⎡
⎣ ApR11 + Bp,uZ Bp,w 0

0 − I
2 0

Cp,zR11 + Dp,zuZ Dp,zw −γ2I
2

⎤
⎦ < 0

(11a)

He

⎡
⎣ AclS Bcl,w 0

0 − I
2 0

Ccl,zS Dcl,zw −γ2I
2

⎤
⎦ < 0 (11b)

R11 − S11 > 0. (11c)[
ū2

i /s2 Zi

ZT
i R11

]
≥ 0, i = 1, . . . , nu, (11d)

where Zi denotes the ith row of Z;
2) an optimal static anti-windup compensator solving

Problem 1 can be constructed based on the optimal
solution (R,Z, γ2) to the following LMI-optimization

problem in the variables R = RT :=
[

R11 R12

RT
12 R22

]
> 0,

γ2 > 0, Z, whenever the corresponding constraints
are feasible:

min
Z,R,γ2

γ2, subject to

(11a), (11d) (12a)

He

⎡
⎣ AclR Bcl,w 0

0 − I
2 0

Ccl,zR Dcl,zw −γ2

2

⎤
⎦ < 0 (12b)

Remark 1: (Lower bounds on performance level) Paral-
leling [9, Remark 7], conditions (11a) and (11b) can be
interpreted based on the LMI formulation of the bounded
real lemma (which is also reported in [9, Lemma 1]).
Indeed, as in [9], condition (11b) constrains γ to be not
smaller than the L2 gain from w to z of the unconstrained
closed-loop. Moreover, by selecting Z = KpR11, (11a)
corresponds to the L2 gain from w to z for the plant
controlled by a state feedback law u = Kpxp. Therefore,
(11a) constrains γ to be not smaller than the L2 gain of the
compensated plant by way of this extra stabilizing action.
Note however that Kp in the corresponding feedback law
is further constrained by (11d), so that the open-loop plant
L2 gain may be only reduced to a certain extent when
larger values of s make the constraint (11d) tighter. As
s approaches +∞, Z will approach 0 and the constraint
on γ enforced by (11a) will approach the global constraint
commented in [9] and corresponding to the L2 gain of the
open-loop plant. ◦

For a system with an exponentially unstable plant (to rule
out defective cases, assume that the exponentially unstable
modes are observable from the output z and controllable
from the exogenous input w), it is clear that there exists
a norm bounded w such that ‖z‖2 is unbounded and thus
(11a-d) is feasible only for s bounded by a certain s̄. On the
other hand, if Ap is Hurwitz, then there exists a selection
(R11, S, Z, γ2) with Z = 0 satisfying the LMIs in (11) for
all s (this solution corresponds to the global construction
proposed in [9]). The critical case where Ap has eigenvalues
on the imaginary axis and in the left half plane was not
addressed in [9] and can be dealt with here with arbitrarily
large selections of s.

Proposition 1: Consider the plant (1) and the controller
(2) satisfying Assumption 1. Suppose that the plant is not
exponentially unstable. Then for each s > 0, the constraints
(11a-d) are feasible with a finite γ.

However, unlike the exponentially stable case, there
doesn’t exist a single selection satisfying the LMIs in
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(11) for all s (this would be impossible, as finite global
L2 gain cannot be achieved with bounded inputs on a
marginally unstable plant). As s increases, new solutions
(R11, S, Z, γ2) will be feasible with increased γ.

B. Optimal AW with guaranteed reachable set

In this section we augment the design problem of the
previous section with the extra requirement that given a
bound s on the L2 norm of w, the plant state does not exit
a given desirable set Rp ⊂ R

np . We first pick

Rp = E(R−1
p ) = {xp : xT

p R−1
p xp ≤ 1}, (13)

where Rp = RT
p > 0 and will then explain how the result

can be extended to other types of sets Rp.
Theorem 2: Consider the plant (1) and the controller (2)

satisfying Assumption 1. Assume that xp(0) = 0, xc(0) = 0
and ‖w‖2 ≤ s. Then

1) an optimal plant-order anti-windup compensator solv-
ing Problem 2 can be constructed based on the op-
timal solution (R11, S, Z, γ2) to the following LMI-
optimization problem in the variables R11 = RT

11 > 0,

S = ST :=
[

S11 S12

ST
12 S22

]
> 0, γ2 > 0, Z, whenever the

corresponding constraints are feasible:

min
Z,S,R11,γ2

γ2, subject to

(11a), (11b), (11c), (11d), (14a)

s2R11 ≤ Rp (14b)

2) an optimal static anti-windup compensator solving
Problem 2 can be constructed based on the optimal
solution (R,Z, γ2) to the following LMI-optimization

problem in the variables R = RT :=
[

R11 R12

RT
12 R22

]
> 0,

γ2 > 0, Z, whenever the corresponding constraints are
feasible:

min
Z,R,γ2

γ2, subject to

(11a), (12b), (11d), (15a)

s2R11 ≤ Rp. (15b)
The main idea behind the results of Theorem 2 relies

on the fact that if (14a) (respectively, (15a)) is satisfied,
then there exists an anti-windup compensator such that the
reachable set is bounded by E((s2R11)−1). Moreover, the
constraint (14b) (respectively, (15b)) implies that this set
is inside the desired reachability set given by (13), namely
that E((s2R11)−1) ⊂ E(R−1

p ).
Based on Theorem 2, we can also formulate optimization

problems to minimize the desirable reachable set Rp under
the constraints (14a) and (14b), with a guaranteed L2 gain
γ (or without considering the L2 gain). The quantity to be
minimized can be the trace of Rp or the determinant of Rp.
We may also take Rp as the following unbounded set:

Rp(α) = {xp : |Cx| ≤ α},
where C ∈ R

1×np is a given row vector. Then
E((s2R11)−1) ⊂ Rp(α) if and only if CR11C

T ≤ α2/s2.
If both (14a) and CR11C

T ≤ α2/s2 are enforced to hold in
the LMI optimization, then it follows that |Cxp(t)| ≤ α for

all t if ‖w‖2 ≤ s. Therefore, if our objective is to minimize
the maximum value of a particular output Cxp, we may
formulate the following optimization problem:

min
Z,S,R11,α

α, subject to

(11a), (11b), (11c), (11d), (16a)

CR11C
T < α2/s2, (16b)

where a desirable L2 gain can be incorporated in ( 16a). If
there is no consideration for a desirable L2 gain, then the
matrices in (16) can be simplified by removing the third
block row and the third block column of the matrices in
(11a) and (11b). (A similar approach could also be derived
when using static anti-windup design.)

C. Optimal AW with guaranteed domain of attraction

We now augment the design problem of Section III-A for
the purpose of solving Problem 3 with a guaranteed domain
of attraction in terms of the state of the plant:

Sp = E(S−1
p ) = {xp : xT

p S−1
p xp ≤ 1}, (17)

where Sp = ST
p > 0.

Theorem 3: Consider the plant (1) and the controller (2)
satisfying Assumption 1.

1) an optimal plant-order anti-windup compensator solv-
ing Problem 3 can be constructed based on the op-
timal solution (R11, S, Z, γ2) to the following LMI-
optimization problem in the variables R11 = RT

11 > 0,

S = ST :=
[

S11 S12

ST
12 S22

]
> 0, γ2 > 0, Z, whenever the

corresponding constraints are feasible:

min
Z,S,R11,γ2

γ2, subject to

(11a), (11b), (11c), (11d), (18a)

s2R11 ≥ Sp (18b)

2) an optimal static anti-windup compensator solving
Problem 3 can be constructed based on the optimal
solution (R,Z, γ2) to the following LMI-optimization

problem in the variables R = RT :=
[

R11 R12

RT
12 R22

]
> 0,

γ2 > 0, Z, whenever the corresponding constraints are
feasible:

min
Z,R,γ2

γ2, subject to

(11a), (12b), (11d), (19a)

s2R11 ≥ Sp (19b)
Based on Theorem 3, we can formulate various optimiza-

tion problems to maximize the estimate of the domain of
attraction (with respect to different measures of set size)
with a guaranteed L2 gain (or without considering the L2

gain).
If the plant is exponentially stable, then global asymp-

totic stability by dynamic anti-windup compensation is
guaranteed by the finite global L2 gain [9]. If the plant
is exponentially unstable, then only local stability can be
guaranteed. For a plant that is marginally unstable, what
may be desired is semiglobal stability with respect to the
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state of the plant. This is guaranteed when using plant order
anti-windup by the following proposition.

Proposition 2: Consider the plant (1) and the controller
(2) satisfying Assumption 1. Suppose that the plant is not
exponentially unstable. Then, for any finite Sp and for any
s > 0, (18a) and (18b) are feasible.

IV. REGIONAL ANTI-WINDUP DESIGN: CONSTRUCTION

In this section, based on the solutions to the feasibility
conditions listed in Section III, we provide a constructive
algorithm for determining the matrices of a plant order
dynamic anti-windup compensator. The construction of a
static compensator is much simpler and will be suggested
in square brackets.

The algorithm follows from the proof of Theorems 1 to
3. It is based on the solution (R11, S, Z, γ2) [(R,Z, γ2)] to
the plant-order [static] anti-windup feasibility conditions.
Note that the anti-windup matrices constructions are the
same regardless of what optimization problem the feasi-
bility matrices arise from (this may be the one listed in
Theorems 1, 2 or 3 or any modification of them). Note
also that the algorithm is similar to the ones reported in [9]
(except for the use of the variable Z).

Procedure 1: (Anti-windup construction)
Step 1. Solve the feasibility LMIs. Find a solution
(R11, S, Z, γ2) [(R,Z, γ2)] to the feasibility LMIs
listed in Section III.

Step 2. Construct the matrix Q. Define the matrices
R :=

[
R11 S12

ST
12 S22

]
and N ∈ R

(np+nc)×naw as a solution
of the following equation:

R S−1 R − R = N NT . (20)

Since R and S are invertible and by the feasibility
conditions, R S−1 R−R is positive semidefinite and of
rank naw. Hence there always exists a matrix N satis-
fying equation (20). Define the matrix M ∈ R

naw×naw

as

M := I + NT R−1 N. (21)

Finally, define the matrix Q ∈ R
n×n (n = np + nc +

naw) as

Q :=
[

R N
NT M

]
. (22)

[Define the matrix Q = R.]
Step 3. Build necessary matrices. Construct the ma-
trices A0 ∈ R

n×n, B0 ∈ R
n×nu , Cy0 ∈ R

nu×n,
Dyq0 ∈ R

nu×nu , Cz0 ∈ R
nz×n, Dzq0 ∈ R

nz×nu ,
Bw ∈ R

n×nw , Dzw ∈ R
nz×nw and Dyw ∈ R

nu×nw

as
⎡
⎣ A0 Bq0 Bw

Cy0 Dyq0 Dyw

Cz0 Dzq0 Dzw

⎤
⎦=

⎡
⎢⎣

Acl 0 Bcl,q Bcl,w

0 0 0 0
Ccl,y 0 Dcl,yq Dcl,yw

Ccl,z 0 Dcl,zq Dcl,zw

⎤
⎥⎦

[Define the matrices above by removing the second
block row and block column of zeros from the right
hand side of the above equation.]

Step 4. Anti-windup compensator LMI. Based
on Steps 2 and 3, construct the matrices
H ∈ R

(naw+nc+nu)×(n+nu+nw+nz), ΨR ∈
R

(n+nu+nw+nz)×(n+nu+nw+nz) and
GU ∈ R

(naw+nu)×(n+nu+nw+nz) as follows:

ΨR = He

⎡
⎢⎢⎣

A0Q Bq0U − Y T Bw QCT
z0

Cy0Q Dyq0U − U Dyw UDT
zq0

0 0 − I
2I DT

zw

0 0 0 −γ2

2 I

⎤
⎥⎥⎦ ,

H =
[

0 Inaw
0 0 0

BT
cl,v 0 DT

cl,yv 0 DT
cl,zv

]

GU =
[

NT M 0 0 0
0 0 I 0 0

]
,

where Y ∈ R
nu×np+nc+naw is defined as Y :=

[ Z ZR−1
11 R12 ZR−1

11 N1 ] (where N1 is the upper block of
the matrix N ) [Y := [ Z ZR−1

11 R12 ]]. Finally, solve the
LMI

ΨR + GT
UΛT

UH + HT ΛUGU < 0. (23)

in the unknowns ΛU ∈ R
(naw+nc+nu)×(naw+nu) and

U ∈ R
nu×nu , U > 0 diagonal, and compute the ma-

trices of the anti-windup compensator (5) as follows:[
Aaw Baw

Caw Daw

]
= ΛU

[
I 0
0 U−1

]
(24)

[compute the static anti-windup gain as Daw =
ΛUU−1].

�

V. EXAMPLES

Example 1: We adopt Example 2 from [9]. The plant
is a cart-spring-pendulum system with one control input,
one disturbance input, four states and one measurement
output. The plant state is xp =

[
p ṗ θ θ̇

]
, where

p is the horizontal displacement of the cart and θ is the
angle of the pendulum. The plant and controller parameters
can be found in [9]. For this example, the closed-loop
system without anti-windup compensation is not globally
stable. Also, there exists no static anti-windup compensation
to make the global L2 gain bounded. With dynamic anti-
windup augmentation, an upper bound for the achievable
global L2 gain is found to be 181.1424.

The achievable L2 gain for every s > 0 by using plant
order anti-windup can be determined with the algorithm
based on Theorem 1. By choosing different s over (0,∞),
the achievable performance can be obtained as a function of
s. Fig. 2 plot this achievable performance in solid curve. For
comparison, we also plot the the achievable performance by
using static anti-windup, which is the dashed-dotted curve
in Fig. 2. Also plotted in Fig. 2 (dashed) is the upper bound
for the nonlinear L2 gain under a particular plant order anti-
windup compensator.

Next, we use algorithm (16) to determine an achievable
upper bound on the displacement of the cart xp1 (by plant
order anti-windup) for a given norm bound s on ‖w‖2.
For this purpose, we choose C =

[
1 0 0 0

]
. The
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Fig. 2. Achievable nonlinear L2 gains for Example 1.

relation between s and the achievable bound α is plotted in
Figure 3. If we take C =

[
0 0 1 0

]
, then we obtain

an achievable upper bound on the angle of the pendulum
xp3. The relation between s and the achievable bound α for
xp3 is plotted in Figure 4.
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VI. CONCLUSIONS

In this paper we proposed synthesis tools for the con-
struction of linear anti-windup compensators for a variety
of regional stability and performance goals. The problems
are formulated in a general setup with linear dynamic
controllers and linear dynamic anti-windup compensators,
where the only assumption on the closed-loop linear system
is well-posedness and internal stability. Solutions to the

problems are presented through a set of convex optimization
procedures based on LMI constraints. Furthermore, two
semiglobal results have been established for the special case
where the plant is marginally unstable.
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