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Abstract— A particular class of uncertain linear discrete-time
periodic systems is considered. The problem of robust stabiliza-
tion of real polytopic linear discrete-time periodic systems via
a periodic state-feedback law is tackled here. Using additional
slack variables and the periodic Lyapunov lemma, an extended
sufficient condition of robust stabilization is proposed. Based
on periodic parameter-dependent Lyapunov functions, this last
condition is shown to be always less conservative than the more
classic one based on the quadratic stability framework. This is
illustrated on numerical examples from the literature.

I. INTRODUCTION

One century after the pioneering works on periodic diffe-
rential equations with periodic coefficients [19], [11], [14],
the eighties have witnessed a renewed interest in the model-
ling, analysis and control of periodic systems (see [8] and the
references therein). This interest is mainly due to the variety
and the originality of the possible applications of a control
theory dedicated to this class of systems. One can first recall
the classic examples of control of vibrations in helicopters
[3] as well as the attitude control of satellites equipped with
magnetorquers [18], [28]

Another interesting and original application of linear per-
iodic systems control theory concerns autonomous orbit con-
trol. During the last years, the problem of autonomous orbit
control for spacecraft has been largely addressed for va-
rious applications ranging from geostationary station keeping
to formation flying earth orbiters. For circular orbits, the
synthesis problems (compute an adequate control law) are
generally tackle via the use of Hill’s equations leading to a
complete linear time-invariant formulation. On the contrary,
for elliptical orbits, the discrete-time approximation of the
linearized equations of relative motion of a spacecraft in
the orbit plane yields discrete-time linear periodic model. In
[22], a time-invariant reformulation [5] is utilized to design
a discrete-time optimal periodic controller. Those results are
completed in [23] by considering pertubations resulting from
atmospheric drag.
When dealing with such intrinsically periodic systems, it is
natural to wonder if the well-established analysis and syn-
thesis framework for linear-time invariant systems may be
extended to this peculiar class of time-varying models. In-
deed, time-invariant reformulations for discrete-time systems
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[5] paved the way for the development of a broad variety
of tools (periodic Lyapunov and Riccati equations) directly
extrapolated from the LTI set-up. Structural properties, sta-
bility analysis as well as the most popular synthesis tech-
niques (pole placement, Linear Quadratic optimal control)
were therefore extended to discrete-time and continuous-time
periodic systems [6], [2], [7], [28]. Surprisingly, few results
exist that extend the robust control framework to periodic
systems. [13], [25], [15].
In this paper, a particular class of uncertain linear discrete-
time periodic systems similar to the one presented in [25],
is considered. The problem of robust stabilization of real
polytopic linear discrete-time periodic systems via a perio-
dic state-feedback law is tackled here. As the usual lifted
representations of the periodic systems naturally lead to hard
numerical computations due to the sparse and highly structu-
red matrices involved [16], a more straightforward approach
based on the periodic Lyapunov lemma [1] is developed
here. Using additional slack variables already introduced in
the robust LTI context [12], [20], [21], an extended suffi-
cient condition of robust stabilization is proposed. Based on
periodic parameter-dependent Lyapunov functions, this last
condition is shown to be always less conservative than the
more classic one based on the quadratic stability framework
and proposed in [25]. Note also that the results presented in
this paper are strongly related to the ones presented in [9].
Two numerical examples illustrate the relevance of this new
condition.

Notations: Notation is standard. The transpose of a matrix
A is denoted A′. For symmetric matrices, � (�) denotes
the Löwner partial order, i.e. A � (�) B iff A − B
is positive (semi) definite. 1 stands for the identity matrix
and 0 for the zero matrix with the appropriate dimensions.
Sn denotes the set of symmetric matrices of R

n×n and S
+
n ,

(S+∗
n ), the cone of positive semi-definite, (definite) matrices

in Sn. R
+, (R+∗) is the set of positive (strictly positive) real

numbers. C is the set of complex numbers.The symetric part
of a square matrix A is denoted S {A}, i.e. S {A} = A+A′.
co {A1, · · · , AN} is the convex hull of the collection of N
elements A1, · · · , AN .

II. PROBLEM STATEMENT

A. Linear polytopic discrete-time T -periodic systems

Let us consider the linear polytopic discrete-time T -periodic
systems defined by the following state-space realization:

xk+1 = Ak(λ)xk + Bk(λ)uk = Mk(λ)
[

xk

uk

]
(1)
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where xk ∈ R
n is the state vector, uk ∈ R

m is the control
vector and λ is a parametric uncertainty.

For each k, the parameter-dependent system matrix Mk(λ)
belongs to the convex polytope Mk

Mk(λ) =
[

Ak(λ) Bk(λ)
] ∈ Mk (2)

defined by,

Mk = co
{

M
[1]
k (λ), · · · ,M

[N ]
k (λ)

}
=

{
Mk(λ) =

N∑
i=1

λ[i]M
[i]
k : λ[i] ∈ Λ

}
(3)

where

Λ =

{
λ ∈ R

N : λ[i] ≥ 0 ,

N∑
i=1

λ[i] = 1

}
(4)

The sequence of polytopes {Mk} is assumed to be po-
lytopic T -periodic i.e. Mk+T = Mk for all k ≥ 0. The
resulting system is said to be T -periodic.

B. A Periodic Lyapunov framework for robust stabilization

We are interested in existence conditions of a robust sta-
bilizing memoryless T -periodic state-feedback for (1) of the
form:

uk = Kkxk (5)

where Kk+T = Kk for all k ≥ 0. Applying the control
law (5) to (1), we get the closed-loop polytopic T -periodic
system:

xk+1 = (Ak(λ) + Bk(λ)Kk)xk = Acl
k (λ)xk (6)

where the closed-loop matrix Acl
k (λ) belongs to the T -periodic

sequence of polytopes {Mcl
k } defined by:

Mcl
k = co

{
A

[1]
k + B

[1]
k Kk, · · · , A

[N ]
k + B

[N ]
k Kk

}
(7)

The robust stability of the uncertain polytopic T -periodic
closed-loop system (6) can be proved using the transition
matrix (monodromy matrix) defined as:

Ψk0+T,k0 = Acl
k0+T (λ)Acl

k0+T−1(λ) · · ·Acl
k0

(λ) (8)

If for any k0 ≥ 0 and any collection {λ ∈ Λ} the eigenvalues
of Ψk0+T,k0 (referred to as the characteristic multipliers of
the system) belong to the open unit disc of C then the
uncertain T -periodic system is robustly stable. In addition,
if a state-feedback (5) exists such that (6) is robustly stable
then the system (1) is said to be robustly stabilizable via a
T -periodic state-feedback.
A useful way to test robust stability of (6) is to use the
extended Lyapunov framework proposed in [1].

Theorem 1: : [1]
The linear uncertain T -periodic discrete-time system (6)

is robustly stable if and only if there exist T parameter-
dependent Lyapunov matrices Xk(λ) ∈ S

+∗
n solutions of the

parameter-dependent Lyapunov inequalities ∀ k = 1, · · · , T
and ∀ λ ∈ Λ:

Acl
k (λ)Xk(λ)Acl′

k (λ) − Xk+1(λ) ≺ 0

XT+1(λ) = X1(λ)
(9)

This result is a direct extension of the periodic Lyapunov
lemma in the uncertain case.

If the periodic state-feedback (5) is given, the previous
formulation allows to tackle the robust stability analysis pro-
blem. Even in the simpler case where (6) is not periodic,
this problem is known to be hard to solve exactly. Except
for special simple cases, one has to resort to using some re-
laxations of the previous problem. Mimicking a well-known
relaxation for robust stabilization of LTI uncertain systems,
the authors of [25] define the quadratic stability and its syn-
thesis counter-part the quadratic stabilizability concept for
uncertain periodic linear discrete-time systems.

Theorem 2: [25]
The system (1) is quadratically stabilizable via a T -periodic

state-feedback law (5) if and only if there exist a periodic
state feedback law (5) and T Lyapunov matrices Xk ∈ S

+∗
n

solutions of the Lyapunov inequalities ∀ k = 1, · · · , T and
∀ λ ∈ Λ:

Acl
k (λ)XkAcl′

k (λ) − Xk+1 ≺ 0

XT+1 = X1

(10)

The system (6) is then said to be quadratically stable.
Imposing to the periodic Lyapunov matrices to be inde-

pendent of the uncertain parameters λk clearly shows that
the quadratic stability of (6) is a sufficient condition for its
robust stability. In [25], necessary and sufficient condition of
quadratic stabilizability are given for (1) in terms of solutions
to some Linear Matrix Inequalities.

Theorem 3: [25]
The linear discrete-time polytopic T -periodic model (1)

is quadratically stabilizable via a T -periodic state-feedback
uk = Kkxk iff there exist T matrices Xk ∈ S

+∗
n and T ma-

trices Yk ∈ R
m×n solutions of the following LMI constraints:[
−Xk+1 A

[i]
k Xk + B

[i]
k Yk

(A[i]
k Xk + B

[i]
k Yk)′ −Xk

]
≺ 0

XT+1 = X1

for k = 1, · · · , T and i = 1, · · · , N

(11)

The quadratic T -periodic stabilizing gain is reconstructed
as:

Kk = YkX−1
k for k ∈ {1, · · · , T}

Kk+T = Kk

(12)

The closed-loop periodic system (6) obtained by the ap-
plication of the T -periodic state-feedback gain computed by
(12) is said to be quadratically stable.

Based on some recent results [12], [20], [21], an exten-
ded robust stability test involving additional slack variables
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is introduced and it is shown that it always leads to less
conservative results than the quadratic one.

III. MAIN RESULTS

A. Extended robust analysis test

The conservatism of the quadratic stability test mainly
comes from the use of ”single” periodic Lyapunov functions
for the whole set of uncertainty. One way to overcome this
drawback consists in looking for parameter-dependent perio-
dic Lyapunov functions. Of course, even when the uncertain
model is known to have a polytopic structure, it is impos-
sible to know a priori the dependency of the Lyapunov func-
tion with respect to the unknown parameter. Nevertheless, it
seems natural to seek polytopic periodic Lyapunov functions
of the form:

Xk =
N∑

i=1

λ[i]X
[i]
k (13)

An extended robust stability condition based on parameter-
dependent periodic Lyapunov functions of the form (13) may
now be derived

Theorem 4: If there exist N ×T matrices X
[i]
k ∈ S

+∗
n and

T matrices Hk ∈ R
n×2n solutions of the following LMI

constraints:[
−X

[i]
k+1 0
0 X

[i]
k

]
+ S

{[
A

cl[i]
k

−1

]
Hk

}
≺ 0

X
[i]
T+1 = X

[i]
1

for k = 1, · · · , T and i = 1, · · · , N

(14)

then (6) is robustly stable.

Proof:
If there exist N × T matrices X

[i]
k ∈ S

+∗
n and T matrices

Hk ∈ R
n×2n solutions of (14) then the computation the k

convex combinations over the Nk vertices allows to write[ −Xk+1(λ) 0
0 Xk(λ)

]
+ S

{[
Acl

k (λ)
−1

]
Hk

}
≺ 0

XT+1(λ) = X1(λ)
(15)

for k = 1, · · · , T and λ ∈ Λ. Pre-multiplying inequality k
by

[
1 Acl

k (λ)
]

and post-multiplying it by its transpose
leads to

−Xk+1(λ) + Acl
k (λ)Xk(λ)(Acl

k (λ))′ ≺ 0 (16)

for k = 1, · · · , T and λ ∈ Λ. These last inequalities are
equivalent to the T -periodic Lyapunov lemma [6] for all λ ∈
Λ. �

The main reason to introduce slack variables consists in
the decoupling between the periodic Lyapunov functions X

[i]
k

and the matrix A
cl[i]
k thus allowing the use of parameter-

dependent periodic Lyapunov functions of the form (13) whe-
re X

[i]
k is defined at each vertex of the polytope Mcl

k . The

matrices Hk play the role of Lagrangian relaxation variables
as the single Lyapunov function does in the quadratic sta-
bility set-up [10]. It is then possible to show that this new
robust stability test is always less conservative than the one
elaborated in the quadratic context.

Lemma 1: If (6) is quadratically stable then there exist
N × T matrices X

[i]
k ∈ S

+∗
n and T matrices Hk ∈ R

n×2n

solutions of (14)

Proof:
If (6) is quadratically stable then the set of matrices

X
[i]
k = Xk k = 1, · · · , T i = 1, · · · , N

Hk =
[

0 Xk

]
k = 1, · · · , T

(17)

are solutions of the set of LMIs (14). �
This lemma shows that quadratic stability results may al-

ways be recovered by the test defined by (14) when giving
a special structure to the Lagrangian multipliers Hk.

According to the dimensions, the matrix Hk may be par-
titioned as Hk =

[
Fk Gk

]
where Fk, Gk ∈ R

n×n. In
the LMIs (14), the bloc (2, 2) requires Gk to be invertible.
It is therefore possible to get the following reformulation of
the previous robust stability test.

Lemma 2: If there exist N×T matrices X
[i]
k ∈ S

+∗
n and T

matrices Gk ∈ R
n×n, A0

k ∈ R
n×n solutions of the following

LMI constraints:[
−X

[i]
k+1 0

0 X
[i]
k

]
+ S

{[
A

cl[i]
k−1

]
(−Gk)

[
A0

k −1
]} ≺ 0

X
[i]
T+1 = X

[i]
1

for k = 1, · · · , T and i = 1, · · · , N
(18)

then (6) is robustly stable.
This reformulation is interesting because of the interpreta-

tion of the extra variables A0
k. Applying elimination lemma

[24] to (18) shows that these matrices must verify

[
1 A0

k

] [
−X

[i]
k+1 0
0 X

[i]
k

] [
1

A0′
k

]
≺ 0 (19)

for X
[i]
k ∈ S

+∗
n , k ≥ 0, i = 1, · · · , N such that X

[i]
T+1 =

X
[i]
1 . This means that the sequence of matrix solutions {A0

k}
of (18) must be p-stable. In particular, a possible choice is
{A0

k} = {0} for all k ≥ 0.
Lemma 3: If there exist N × T matrices X

[i]
k ∈ S

+∗
n and

T matrices Gk ∈ R
n×n solutions of the following LMI

constraints:[
−X

[i]
k+1 0
0 X

[i]
k

]
+ S

{[
A

cl[i]
k

−1

] [
0 Gk

]} ≺ 0

X
[i]
T+1 = X

[i]
1

for k = 1, · · · , T and i = 1, · · · , N
(20)
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then (6) is robustly stable.
Proof:
The proof of theorem 1 and noticing that the robust stabi-

lity test (20) is nothing but the robust stability test (14) with
the following structure on the matrix Hk

Hk =
[

0 Gk

]
(21)

leads to the result �
The proof of lemma 1 shows in addition that imposing the

above structure on Hk surely introduces additional conser-
vatism for the test (20) with respect to (14) but does not
prevent (20) to be always better than the quadratic stability
one. The hierarchy of robust stability test is therefore the
following.

Quadratic stability ⇒ (20) ⇒ (14) (22)

In the next section, this structure is defined to take advan-
tage of the extended robust stability test for robust periodic
state-feedback stabilization.

B. Application to the robust stabilizability problem

Considering that Acl
k = Ak +BkKk and that Hk ∈ R

n×2n

may be partitioned as

Hk =
[

Fk Gk

]
Fk ∈ R

n×n Gk ∈ R
n×n (23)

it is clear that the usual linearizing change of variables used
in the quadratic stabilizability context cannot be directly ex-
tended to the robust stability conditions (14). Similarly to
the idea proposed in the reference [20], for the special case
of discrete-time systems, it is possible to use the result of
lemma 3 imposing a particular structure to the multiplier
Hk while keeping some of the advantages related to the
role of the slack variables Hk. A sufficient condition of
robust stabilization via T -periodic state-feedback based on
the robust stability test (20) may be derived.

Theorem 5: If there exist N × T matrices X
[i]
k ∈ S

+∗
n

and T matrices Yk ∈ R
m×n, Gk ∈ R

n×n solutions of the
following LMI constraints:[

−X
[i]
k+1 A

[i]
k Gk + B

[i]
k Yk

(A[i]
k Gk + B

[i]
k Yk)′ X

[i]
k − Gk − G′

k

]
≺ 0

X
[i]
T+1 = X

[i]
1

for k = 1, · · · , T and i = 1, · · · , N

(24)

then the linear discrete-time polytopic T -periodic model (1)
is robustly stabilizable via a T -periodic state-feedback uk =
Kkxk defined as:

Kk = YkG−1
k k ∈ {1, · · · , T}

Kk+T = Kk

(25)

Proof:

(24) and (25) may be rewritten as:[
−X

[i]
k+1 0
0 X

[i]
k

]

+S
{[

A
[i]
k + B

[i]
k Kk

−1

]
Gk

[
0 1

]} ≺ 0

(26)

for k = 1, · · · , T and i = 1, · · · , N . This last inequality is
nothing but (20) for the closed-loop �

An identical hierarchy to the one defined for robust ana-
lysis conditions may be proposed for robust stabilizability
conditions.

Lemma 4: If the linear discrete-time polytopic T -periodic
model (1) is quadratically stabilizable via a T -periodic state-
feedback uk = Kkxk then there always exist N×T matrices
X

[i]
k ∈ S

+∗
n and T matrices Yk ∈ R

m×n, Gk ∈ R
n×n

solutions of the system of LMIs (24).
Proof:
It is clear that if there exist Xk ∈ S

+∗ and Yk ∈ R
m×n

solutions of the set of LMIs (11) then the set of matrices

Gk = Xk k = 1, · · · , T
Yk = Yk k = 1, · · · , T

X
[i]
k = Xk k = 1, · · · , T i = 1, · · · , N

(27)

are solutions of the set of LMIs (24). �
The sufficient conditions robust stabilizability (24) are de-

fined for {A0
k} = {0} for all k ≥ 0. For different choices

of p-stable matrices {A0
k}, different sufficient conditions of

robust stabilizability via periodic state-feedback may be gi-
ven.

Theorem 6: For a sequence of p-stable matrices {A0
k}, if

there exist N × T matrices X
[i]
k ∈ S

+∗
n and T matrices

Yk ∈ R
m×n, Gk ∈ R

n×n solutions of the following LMI
constraints:[

−X
[i]
k+1 0

0 X
[i]
k

]
+

S
{[

−A
[i]
k Gk − B

[i]
k Yk

Gk

] [
A0

k −1
]} ≺ 0

X
[i]
T+1 = X

[i]
1

for k = 1, · · · , T and i = 1, · · · , N

(28)

then the linear discrete-time polytopic T -periodic model (1)
is robustly stabilizable via a T -periodic state-feedback uk =
Kkxk defined as:

Kk = YkG−1
k k ∈ {1, · · · , T}

Kk+T = Kk

(29)

Proof:
The proof is obvious from the previous analysis results

and is omitted for space reasons �
The main drawback of those last conditions comes from

the difficulty to choose adequately the sequence of p-stable
{A0

k}. One simple and systematic way to do so is to apply
any nominal periodic stabilization procedure at one vertex
of the polytope for each sample-time k. Note also that the
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results given by the conditions (24) may always be recovered
by the choice {A0

k} = {0}. However, as will be shown by
the numerical example 2, for a very simple choice of the
sequence {A0

k}, better results may also be obtained.

IV. NUMERICAL EXAMPLES

Some numerical examples borrowed from the literature
are now presented to illustrate the relevance of this new
approach.

A. Example 1

Let us consider the first example presented in [25] defined
by its state-space realizations:

A1(α) =
[ −3 − α 2

−3 3

]
A2(α) =

[ −1 − α 2
0.5 0

]

A3(α) =
[

1 − α 2
2.5 3

]
|α| ≤ α

B1(β) =
[

1
β

]
B2(β) =

[
1

− 3β+2
10

]

B3(β) =
[

0.5(β + 1)
1

]
0 ≤ β ≤ 1

(30)

where (α, β) are two uncertain parameters defining a poly-
tope of system matrices with 4 vertices. Quadratic 3-periodic
state-feedback stabilizing gain obtained from theorem 3 and
3-periodic state-feedback stabilizing gain computed thanks
to theorem 5 are compared.

αmax
Q = 0.015 αmax

G = 0.49

K1
Q =

[
0.0139 −0.0141

]
K1

G =
[

3.02 −2.26
]

K2
Q =

[
0.8534 −2.6850

]
K2

G =
[

1.167 −2.037
]

K3
Q =

[ −4.9939 −3.6987
]

K3
G =

[ −2.212 −2.313
]

(31)

In this case, the new bound α is greatly improved. For the
same example, some preliminary experiments have been per-
formed with the conditions (28). It appears with the simple
choice:

A0
1 = A0

2 = A0
3 = −0.05 ∗ 12 (32)

we get an intermediate result between the quadratic stabili-
zation procedure and the one based on (24):

αmax
A0

= 0.45 (33)

More interesting, when choosing

A0
1 = A0

2 = A0
3 = 0.35 ∗ 12 (34)

we get a better result (improvement of 14.3 %) than for the
procedure based on (24):

αmax
A0

= 0.56 (35)

Considering now the same example but with a modified
period T = 2. This means that only M1 =

[
A1 B1

]
and M2 =

[
A2 B2

]
are taken into account. The previous

results are confirmed since we get:

αmax
Q = 0.31 αmax

G = 0.8

K1
Q =

[
28616 −1.159

]
K1

G =
[

2.791 −1.953
]

K2
Q =

[
1.1125 −1.4761

]
K2

G =
[

1.275 −1.689
]

(36)

leading to an improvement of 266 %. The next figure shows
the map of the closed-loop poles of the monodromy matrix
ΨT

A = (A2(α) + B2(β)K2)(A1(α) + B1(β)K1) where the
uncertain parameters (α, β) vary in a grid of 9000 points.
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FIG. 1 –. Samples of the closed-loop poles of the monodromy matrix

V. CONCLUSIONS AND FUTURE WORKS

A new robust stability test based on periodic parameter-
dependent Lyapunov functions is developed in this paper and
is applied to the robust analysis of linear polytopic periodic
discrete-time systems. The use of additional slack variables
allows to decouple the state matrices from the Lyapunov ma-
trices leading to less conservative results than previous tests
based on quadratic stability. An extended sufficient condition
for robust stabilization via periodic state-feedback is then
derived. It mainly relies on a convex relaxation of the pre-
vious robust stability test. Numerical examples have shown
the possible gain obtained by this extended robust design.
Some points concerning robust stabilizability conditions (28)
and particularly the adequate choice of the sequence {A0

k}
have to be carefully investigated.

These results are preliminary and could be extended to
consider similar problems where the whole state is not avai-
lable for control. Static as well as dynamic output-feedback
are currently under investigation for linear periodic discrete-
time systems.
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[28] R. Wiśniewski, J. Stoustrup, ”Periodic H2 Synthesis for Spcacecraft
Attitude Control with Magnetorquers”, Journal of Guidance, Control
and Dynamics, Vol. 27, No. 5, September-October 2004.

5739


	MAIN MENU
	PREVIOUS MENU
	---------------------------------
	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
  ]
  /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




