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Abstract: This paper studies the distributed stabilizing controller design for a class of heterogeneous systems with static non-
linear interconnections. The controllers work in a distributed manner that each of them locally stabilizes a subsystem and the
entire system consisting of these subsystems then achieves global stability. Both the state feedback and output feedback control
methods are derived. Finally, a comparative example is presented to show the usefulness and effectiveness of the results.
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1 Introduction

Over the past few years, there has been a rapidly growing
interest in the system and control community in the study
of coordination, communication and distributed control for
networked dynamic systems of many components acting lo-
cally and interacting with each other under various inter-
connection constraints. Systems such as formation control
[1, 2], synchronous control[3], and multi-agent cooperative
control[4] are of this kind. In fact, most complex machinery
can be divided into subsystems with relatively independent
functionalities. Also, the advanced industrial systems are
built up by different parts with their own technological pro-
cessing. All these systems can be classified as distributed
systems. The characteristics of such systems are its large
scale, hierarchical structure, relatively independent subsys-
tems, loose interconnection and cooperation in a distributed
manner.

Many approaches have been put forward to solve the stability
and stabilization problems for distributed systems. The dis-
tributed control algorithms are developed which can be used
as protocols for different types of cooperation as an inter-
connected system than as aggregate whole[5]. Prathyush[6]
studies the global stability of networked systems consisting
of subsystems with sector bounded nonlinearities. Gu[7]
considers the delays that exists in each communication chan-
nels. For systems with constant communication delays,
Hirche[8] gives a two steps distributed controller design
method. First, local controllers are designed without con-
sideration of network delays. Then, the effectiveness of the
controllers are verified by stabilizing analysis. By using the
Kronecker product, the conditions for stability and perfor-
mance can be obtained by using only information and possi-
bly some spectral characteristics of the interconnection ma-
trix. This is a useful property in the analysis of complex
dynamical systems[9]. These approaches may not be com-
pletely suitable to the case of practical engineering systems
because they are derived by the idealization of the subsys-
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tems such as the first-order integrators and the consideration
of only identical node dynamics or homogeneous systems.

The studies on the distributed control of large-scale systems
are another aspect of the related research. No simplifica-
tion of the original subsystems is the character of these re-
sults and they are more general. The control problems for
a spatially invariant system are studied in[10]. The results
are simple and convenient for LTI systems but have limita-
tions in the nonlinear systems. One of the meaningful re-
sults is given by Qu[11]. In the study, matrix theory is used
to develop the main frame of distributed control protocol.
The systems are divided into two hierarchies, including lo-
cal stabilizing controller design and inter-subsystem coop-
eration protocol design. The purpose of local controller is
to reform the closed-loop subsystems working as high-order
integrators. Thus, each subsystem will work well even the
fault occurs in communication channels. And the protocol
is to regulate the behaviors of the subsystems to achieve the
cooperation.

In the above-mentioned related works, each one only empha-
sizes on some type of the phenomena that exist in distributed
heterogeneous systems while ignoring the others. From the
system point of view, it is not necessary to investigate from
the device level, which removes the functionalities of the
subsystems. And it is not reasonable to oversimplify the
subsystems into simple nodes in graph theory. A report[12]
points out that the research is needed to understand multi-
ple interconnected systems over realistic channels that work
together in a distributed fashion. At the same time, intercon-
nections via realistic channels must be considered explicitly
as they significantly affect the dynamic behavior of the con-
trol system[13]. In this paper, the imperfect channels, inter-
connection topologies and heterogeneous entities, the three
aspects of problems in real systems, are considered together,
as a first attempt but in a relatively coarse manner. Based on
our previous results[14], we finally get the stabilizing con-
troller synthesis method for systems that are interconnected
via non-ideal channels.

The rest part of the paper is organized as follows. In sec-
tion II, the notations that will be used are given and the pre-
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liminaries are listed in a general form. In section III, both
the state-feedback and the output-feedback controller design
methods are derived. In section IV, the simulation is given to
show the effectiveness of our results.

2 Notations and Preliminaries

2.1 Notations

The notations are standard. The set of real numbers is de-
noted by R; R, and R denote the non-negative subset and
closure of R, respectively. The set of complex numbers is
denoted by C. The group of matrices in the real and com-
plex fields is denoted by R™*™ and C™*". The set of m by
n stable rational transfer functions is denoted by RHZ*".
For notational convenience, the dimensions will not be given
unless pertinent to the discussion.

The space Ly is the set of functions defined on R with
values in C” for which the following quantity is finite:

/ " o),
0

where || - || is the Euclid norm. The inner product on Ly is
defined as

(u,v) = /OOO u(t) v(t)dt, u,v € Ly

and the corresponding Lo norm is ||u||s := /(u, u).
Lo, is the space of functions for which the following quan-
tity is finite for every 7' > 0:

T
/ ()|t
0

It is obvious that Ls is a subspace of Lo,.

The notation of operator is important in this paper. An oper-
ator is a mapping from one normed space to another, which
can be considered as a mathematical object that represents an
input-output system. The induced norm of a linear operator
is defined by

Huv 2
||H||L2—>L2 = Sup ” H .
vEL2,v#£0 ||UH2

A linear operator H is positive definite if H = H*, and there
exists o > 0, such that

(u, Hut) = /OOO (8 (Hu) ()t > o2|[ull2, Yu € L.

2.2 Preliminaries

Now, consider a distributed heterogeneous system composed

of n(n > 2) interconnected subsystems as illustrated in

Fig.1. The state space equation of subsystem G is

b= Asxs 4 Bivs

G 4 T A B i=1,2,-- 0. (1)
yi = Ciw;

The subsystems are interconnected via the time-varying
static nonlinear links. Here, “static” means the output of the
links at time ¢ only depends on the input at time ¢. The non-
linearity is time-varying because of the non-idealization of
the links. If the output of subsystem j feeds into subsystem
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Fig. 1: The Heterogeneous Subsystems Interconnected via
Nonlinear Links

1, then there is a link between them. Denote the directed link
by ¢;; : Ry xY; — U;, ¢i;(t,0) = 0,Vt € R4, where ¢;;
is continuous and satisfies the Lipscitz condition about the
second variable. Assume that the output of the link satisfies
the sector condition:

kijyi(t) < it y; (1) < kijy;(1), Vy; € Y;,Vt € Ry,
2
where Eij,ﬁij are constant scalars, y; is the output of sub-
system j. The expression of the link implies that the link
is time-varying. This general constraint is supposed to
cover the majority of the nonlinearities in the link. De-
note A = diag(4A;), B = diag(B;),C = diag(C;)K =
[Eij]nxn,F = [Eij]nxn. It is proved[14] that
Theorem 1 The distributed heterogeneous system is finite-
gain L stable if there exits P > 0 such that

ATP+PA PB
[T P,
where
Mo |CEE+E K0 C(ET+K)

(K +K)C —21

This stability certification can be used to analyze a network
with nonlinear subsystems and non-ideal links.

3 Controller Design for Distributed Heteroge-
neous Systems

If feasible and deemed to be necessary, a centralized con-
trol with global information can be designed to achieve the
optimal performance. For robustness, it is better to have
each of the plants stabilized by its local control, while the
network is to provide information sharing toward synthesiz-
ing or adjusting reference inputs to the plants. Nonetheless,
the presence of the networked loop could cause problems
for stability and performance of the overall system. Indeed,
for large-scale interconnected systems, decentralized control
(feedback control individually installed at each of the plants)
is often desired. The distributed controllers must be designed
to satisfy the following two requirements:

1. Each subsystem is stabilized by its local controller us-
ing its own information;



2. The entire system is stabilized naturally without any
other improvement, i.e. the entire system is stabilized
by these local controllers.

For subsystem G; given in (1), denote its input as v; =
u; + w; + e; where u;, w; and e; are the local control in-
put, information from other subsystems and external signal,
respectively. Let subsystem G is locally stabilized by

U; = Fi(yi)a (3)

where I'(-) is the control law and has specific formations in
different situations. Input information from the other sub-
systems via the nonlinear interconnections is denoted by

w; = Z;ZL ©i;(y;). Thus, the controlled subsystem G;
is described by
a - { &y = Ajzi + Biu; +w; + e;)
o i = Cim;
v “)
w; = Zj:l Pij (3/])
u; =Li(y:)
All the subsystems together can be represented by
y = G, 4)
where G = diag(G;) is called the system opera-
tor. The expressions of ¢(-) = [p;;(-)] and T'(-) =
diag(T1(+),T2(+), -+ , T (+)) are called the interconnection

operator and the control operator, respectively. For u;, y;,
the stabilized subsystem G; can be considered as an opera-
tor mapping from the signal space Lo, (U;) to Lo (Y;). With
these three operators, the entire system is modeled as

|

&= Ax+ B(u+w+e)

y=Cx )
w = o(y)
u="T\(y),
and illustrated in Fig.2[11].
w —
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Fig. 2: Distributed Control of Heterogeneous Systems

3.1 State Feedback Controller Design

If all the states of each controlled plant are detectable, state
feedback control is feasible and direct. Let the control law
of subsystem ¢ be

’LLZ:Fl(EZ,Z:].,2, ,n.

(N
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Denote F' = diag(Fy, Fy, - -+ , F,). Let the external signals
be zero, the equation of the entire system with locally closed
loop control is

And we have the following theorem,

Theorem 2 For system (8), if there exists matrix W
diag(Wy,Wa,--- | W,,) and positive define matrix X
diag(Xy, Xa,- -, X,,) satisfying

T =Ax + BFz +w

8
w = (y). ®

1.
AX + BW + (AX + BW)T < 0;

S)
(K-K)X + BT

X(K-K)"+B

<
—21 0

7

where
© = (A+ BK)X + BW + ((A+ BK)X + BW)",

W, X are blocked accordingly to the orders of the subsys-
tems. Then, there exists distributed state feedback con-
trollers with 7' = WX~ and each diagonal block Fj,
1 = 1,2,--- n is the corresponding local stabilizing con-
troller.

Proof. Condition (2) is first proved here:

Since it is the state feedback, C' = I, stable conditions in
Theorem 1 becomes

K"K-K'K K'+K'

K+K —21
)
{(A + BF)T'P + P(A+ BF) PB} -0
+ BTP o=

There are two variables in nonlinear Inequality (9), that are
F and P. In order to solve this inequality numerically, an
equivalent linear matrix inequality(LMI) is got by variable
transformation method. A preparation is need to avoid new
quadratic items. Rewrite inequality (9) as

Q0
K+K+BTP

KT+ K +PB

<0
—21 -

(10)

)

where
O=-K'K - K K+ (A+BF)TP + P(A+ BF).
Since —21 < 0, by the Schur complement, we obtain

K"K - K'K+ (A+BF)TP + P(A+ BF)

_ _ (11)
+1(KT+ K +PB)K+K+B"P)<0.

Then we can get

(A+ BF)YTP+ P(A+ BF)+ K"B"P + PBK
+1[(K
2

" K"+ PB)(K - K +B"P) <.
(12)



Using the Schur complement again to (12) and multiply left
and right sides by diag(P~1,I), we get

A PYK-K)T"+B

_ <
(K- K)P~'+ BT —21 =0, (13

where
A =P '(A+ BF + BK)" + (A+ BF + BK)P™".

Substituting X = P~! and W = FX into inequality (13),
condition(2) is proved.
As to condition (1), it is easy to see that

(A+ BF)"P+ P(A+ BF) <0,

since the positiveness of matrix . Because of the diago-
nal formation and dimension consistency of matrix F' with
the subsystems, the controlled subsystems are stable. The
theorem is proved.

Remark 1 In Theorem 1, the stable conditions are LMIs
about matrix X and W. It can be solved by the feasp solver
in LMI toolbox in Matlab. The diagonal structure require-
ment is to get the distributed controllers after variable trans-
formation.

Remark 2 With all states observable, each subsystem is sta-
bilized by its own information. They share their output infor-
mation to achieve the minimum error to the expected value.

3.2 OQOutput Feedback Controller Design

The output feedback control here is realized by the dynamic
control structure. Let the plant equation and controller equa-
tion be
a - &; = A;w; + Biju; + Bajw;
U v =G 7
e (14)
i, . ) &= Awidi + Briys
' Yi = Crii + Driyi
Let each subsystem is stabilizable and detectable, and the
plant dynamics with local stabilizing controllers are de-
scribed by

T . A+ B1D,C BCy| |z B
i T B A | 2] T Lo ™ s)

T
y=[C 0 m :
where A = dzag(Az), B1 = diag(BM),

By = dlag(B%),C = dlag(cz)wr = [l’{, T 7x71;]T’

£:[£{3a£2]Tvy:[yfv7yg}
Let

_ |Ax Bk

w=[et B

and it contains all the parameters needed for the dynamic
output feedback control. Also, the structure of matrix K is
in accordance with the subsystems.

Introducing the matrices notations as the following

fA o], fo B] . [ocC
AO_|:O 0:|7BO_|:I 0:|>CO_|:I 0:|a

Ag = Ao + BoKCo, By = |:%2:| ,Ca = [C 0] )

the entire system consisting of closed loop subsystem inter-
connecting via non-ideal channel is stable, if the conditions
in Theorem 1 are satisfied:

—CHE'R+ K K)Cy CHET+K")

(K + K)Ce —21
(16)
ALP+ PA, PBy
+[ ahrp e Poal <o

Similar to the process in Theorem 2, it is not difficult to get

H+Q"KT'R+RTKQ <0, (17)
where
= :l(Ffﬁ)T+PBcl
H= :
BIP+ (K - K)C, —2I

Z= (Ao + BaKCy)TP + P(Ay + BuKCy),

Q=1[Co 0].R=[BIP 0.
Equation (17) is the standard formalization of output feed-
back controller design in robust control theory(see [15]).
The Projection Lemma is used to eliminate variables in in-
equality (17) and the result is as follows:

Theorem 3 For system (15), if there exist positive symmet-
rical matrices X and Y satisfying

1.
(] me['¥] <o
2. N7 v
RERRVEEL
3.
e

where
IIe =

[(A+ BoKO)T'X 4+ X(A+ BoKO)

I BYX + (K — K)C —2I
Mp, =

i B +Y(K - K)C —21

Nc and Np, are constructed by any set of the basis
vectors from the null-spaces of C' and Bs.
Matrix K is calculated by the following two steps:

1. Obtain matrices X and Y from conditions in Theorem
3;

2. Use the singular value decomposition (SVD) approach
to get the value of Xo = X — Y !, Let

X x|
p-lar V)
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C*(K — K)T + X B,

[(A+ B,KC)Y +Y(A+ B,KCO)' C*(K — K)'Y + By



3. Substitute P into the following inequalities and get ma-
trix K.
ATP+PA, <0
L OT T T (18)
H+Q"K'R+R KQ<0

Kt = 1,2,--- ,n) in K is the parameters of stabilizing
controllers for each subsystem.

Remark 3 There is no diagonal requirement of X, Y, X,, P
except K. The two inequalities in Theorem 3 guarantee the
stability of each subsystem and the entire system.

Remark 4 In both the state feedback and the output feedback
control design process, the dimension of LMIs increases
with the number of subsystems as well as their dimension.
The result is not scale free because of the heterogeneity.

4 Example and Simulation

In this section, a simulation example of Fig.1 is presented to
demonstrate the validity of the results obtained. We consider
the group of five heterogeneous nodes with the directed in-
terconnection relationship predefined by Fig.1. The nodes
are all unstable LTT systems:

For each node, the outputs of all the nodes in the network are
available and only the signal from the right sources accord-
ing to the interconnection are allowed in. Instead of v; = y;
as given in most papers, the selected outputs are bounded by
the sector conditions. They feed into the destination nodes
via the static nonlinear links together with the external in-
puts.

The interconnection structure F' is v(t) = o(¢, y(t)). The
output of the nonlinear interconnection is varying with time
¢ but bounded by the sector [k, ;, ki ;]. And F is in sector

0 2 0 15 15] [0 3 0 2 2
20 0 0 ol [t 0o 0 00
K. K]=||0 3 0 0 15/,l0 2 0 0 2
0 0 -5 0 15/ [0 0 -4 0 2
150 0 0 o (30 0 00

Because this simulation is only used to demonstrate the us-
age of the results, the boundary may not have any practical
meanings.

The original entire system is illustrated in Fig.3 and the lo-
cally controlled system is illustrated in Fig.4.

Fig.5(a) is the output of the original system and
it is obviously unstable. With controller gains of
—2,—3,—4,—5,—6, each subsystem is stable. But
controllers that only stabilize the subsystems are not able to
guarantee the property of the entire system. The graph in
Fig.5(b) shows that a group of stable subsystems may not be
stable with an arbitrary interconnection.
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Fig. 4: System with Distributed Controllers

From Theorem 2, we have

—7.8235 0 0 0 0
0 —4.683 0 0 0
F= 0 0 —7.0904 0 0
0 0 0 —7.3199 0
0 0 0 0 —8.8791
19)

The corresponding distributed controllers stabilize the entire
system as well as the subsystems, which is illustrated in
Fig.6. The comparative results demonstrate the effectiveness
of the obtained criterions.

5 Conclusion

In this paper, we have studied the distributed control of the
heterogeneous system with static nonlinear interconnections.
Following the previous analysis results[14], the distributed
controller design approach is given, including both the state
feedback and output feedback. The control laws given in this

paper have three advantages:

e [t suits to the complex system behaviors. The hetero-
geneity of the subsystems and the non-idealization of
the interconnections are considered in the controller de-
sign process;

e Each subsystem is stabilized by its local controllers us-
ing its own information, which enables each subsystem
work well even faults occur in communication chan-
nels.;

e The entire system is stabilizing without any other mod-
ification, i.e. the entire system is stabilized by these
local controllers.

Finally, a comparative simulation is used to demonstrate the
convenience and effectiveness of the proposed methods.
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Fig. 5: the Entire System is Unstable
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Fig. 6: Output of the System with Distributed Controllers
Derived from Theorem 2

REFERENCES

[1] E.W. Justha, P.S. Krishnaprasad, Equilibria and steering laws
for planar formations, Systems Control Lett., 52: 25-38, 2004.
B. Triplett, D. Klein, K. Morgansen, Discrete time kuramoto
models with delay, in: Lecture Notes in Control and Informa-
tion Sciences, vol. 331, Springer, Berlin, 2006.

X. Wang, X. Li, G. Chen, Theory and application of complex
network, Tsinghua Publishing House, Beijing, 2006.

M. Khatir, E.J. Davison, Cooperative control of large systems,
in: Lecture Notes in Control and Information Sciences, vol.
309, Springer, Berlin, 2006.

H. Fang, Control of distributed systems with interconnection
constraints, Thesis of Phd, University of Notre Dame, 2007.
P. Prathyush, C. Edwards, Decentralised static output feed-
back stabilisation and synchronisation of networks, Automat-

(2]

(3]
[4]

(5]
(6]

6669

ica, 45(12):2910C2916, 2009.

K. Gu. Stability problem of systems with multiple delay chan-

nels, Automatica, 46(4):743-751, 2010.

S. Hirche, T. Matiakis, M. Buss, A distributed controller ap-

proach for delay-independent stability of networked control

systems, Automatica, 45(8):1828-1836, 2009.

Z. Duan, J. Wang, G. Chen, L. Huang, Stability analysis and

decentralized control of a class of complex dynamical net-

works, Automatica, 44:1028-1035, 2008.

[10] B. Bamieh, F. Paganini, M. Dahleh, Distributed control of
spatially invariant systems, IEEE Trans. Automat. Control, 47:
1091-1118, 2002.

[11] Z. Qu. Cooperative control of dynamical systems. London:
Springer-Verlag, 2009.

[12] J. Baillieul, P.J. Antsaklis, Control and communication chal-
lenges in networked real-time systems, Proc. IEEE, 95(1):9-
28, 2007.

[13] P. Antsaklis, J. Baillieul, Special issue on technology of net-
worked control systems, Proc. of IEEE, 95: 5-8, 2007.

[14] K. Wen, Z. Geng, Stability of distributed heterogenous sys-
tems with static non-linear interconnections, Syst. Control
Lett., 59(11): 680-686, 2010.

[15] K. Zhou, J.C. Doyle. Essential of robust control, Prentice-
Hall, Chapter 9, 1999.

(7]

(8]

(9]



	Main Menu
	Previous View
	----------------
	Search
	Print


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Algerian
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BaskOldFace
    /Batang
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CooperBlack
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FootlightMTLight
    /FreestyleScript-Regular
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /InformalRoman-Regular
    /Jokerman-Regular
    /JuiceITC-Regular
    /KristenITC-Regular
    /KuenstlerScript-Black
    /KuenstlerScript-Medium
    /KuenstlerScript-TwoBold
    /KunstlerScript
    /LatinWide
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSansUnicode
    /Magneto-Bold
    /MaturaMTScriptCapitals
    /MediciScriptLTStd
    /MicrosoftSansSerif
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MS-Mincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NuptialScript
    /OldEnglishTextMT
    /Onyx
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Parchment-Regular
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /Ravie
    /ShowcardGothic-Reg
    /SimSun
    /SnapITC-Regular
    /Stencil
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanMTStd
    /TimesNewRomanMTStd-Bold
    /TimesNewRomanMTStd-BoldCond
    /TimesNewRomanMTStd-BoldIt
    /TimesNewRomanMTStd-Cond
    /TimesNewRomanMTStd-CondIt
    /TimesNewRomanMTStd-Italic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZapfChanceryStd-Demi
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /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
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /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
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /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)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Recommended"  settings for PDF Specification 4.0)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


