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EVOLVING SYSTEMS:
NONLINEAR ADAPTIVE KEY COMPONENT CONTROL
WITH PERSISTENT DISTURBANCE REJECTION

Mark J. Balas® and Susan A. Frost’

This paper presents an introduction to Evolving Systems, which are autono-
mously controlled subsystems that self-assemble into a new Evolved System
with a higher purpose. Evolving Systems of aerospace structures often require
additional control when assembling to maintain stability during the entire evo-
lution process. This is the concept of Adaptive Key Component Control which
operates through one specific component to maintain stability during the evolu-
tion. In addition this control must overcome persistent disturbances that occur
while the evolution is in progress. We present theoretical results for the suc-
cessful operation of Nonlinear Adaptive Key Component control in the pres-
ence of such disturbances and an illustrative example.

INTRODUCTION

Evolving Systems are autonomously controlled subsystems which self-assemble into a new
Evolved System with a higher purpose' . Evolving Systems of acrospace structures often require
additional control when assembling to maintain stability during the entire evolution process’”. An
adaptive key component controller has been shown to restore stability in Evolving Systems that
would otherwise lose stability during evolution®. The adaptive key component controller uses a
direct adaptation control law to restore stability to the Evolving System through a subset of the
input and output ports on one key component of the Evolving System. Much of the detail of
Evolving Systems appears in the chapter (ref. 8). In this paper, we will deal with the situation
where persistent disturbances can appear in some components and must be mitigated by the adap-
tive key component controller. Such disturbances will often be attendant in actively controlled
rendezvous and docking.

The control laws used by the adaptive key component controller to restore stability in an
Evolving System are guaranteed to have bounded gains and asymptotic tracking if the Evolved
System is almost strictly dissipative. Hence, it is desirable to know when the dissipativity traits of
the subsystem components, including the key component, are inherited in an Evolving System.
We present results describing when an Evolving System will inherit the almost strict dissipativity
traits of its subsystem components. Then we will present an adaptive key component controller
that restores asymptotic stability with bounded adaptive gains and mitigates the effect of persis-
tent disturbances during evolution.
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MATHEMATICAL FORMULATION OF EVOLVING SYSTEMS

A mathematical formulation of a nonlinear time-invariant Evolving System is given here.
Consider a system of L components of individually, actively controlled subsystems which can be
described by the following equations for the i component:

{xi = f,(x;,u;)

(1)
Vi :gi(xi7ui)

where i =1,2,... L. The /"™ component has a performance cost function J; and a Lyapunov func-

tion V.. These are the building blocks of the Evolving System. When these individual components
are joined to form an Evolved System, the new entity becomes:

{X = f(x,u)

2
y=g(x,u) @

with x=[x...x,1", y=[y,...,]", performance cost function J, and Lyapunov function 7. The

i™ component in the above Evolved System is given by:

L
X = fixu)+ D8 1 xu,); 0<g; <1 3)
Jj=1

where fy (x;,x U j) represents the interconnections between the i™ and /™ components. Note that
when &; =0, the system is in component form and when &, =1, the components are connected
and the system is fully evolved. As the system evolves, or joins together, the &, ’s continuously
change from 0 to 1.

The components of the Evolving System are actively controlled by means of local control. Lo-
cal control means dependence only on local state or local output information of the component,

i, u =h(x)oru =h(y). In general, the local controller on the i" component would have

the form:

U, =h(3,.2)
: “)
Zi Zli(yi’Zi)
where z, is the dynamical part of the control law. Local control will be used to keep the compo-

nents stable and meet the individual component performance requirements, J, .

1

Once the system is fully evolved (i.e., &; = 1), the i component becomes:

L
)'c,-:ﬁ(x,-,”,-)Jfoxi(xi’xf’uf) ©
=1
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A state space version of the i individual component of an Evolving System where the com-
ponents are connected through the states can be represented as:

L
5y = A0+ By + D84, (%,,x,); %, (0) = x, ©
J=l

Y =Ci(x)
where i=1,2,...L, x, =[x/ ...x. ]" is the component state vector, u, =[u|...u ] is the con-
trol input vector, y, =[] ... y; 1"is the sensor output vector, (4 (x,), B,(x,),C,(x,)) are vector
fields of dimension n, X n,,n, X m,, and p, X n,, respectively, and the connection forces be-
tween components are represented in the 7, X n; connection matrix, A, (xl.,x_l.) with &, =¢,.

The state space representation of the Evolved System then becomes:

{x = A(x) + B(x)u

7
y=C) @

which can also be written as (A4(x), B(x),C(x)).

INHERITANCE OF SUBSYSTEM TRAITS IN EVOLVING SYSTEMS

We say a subsystem trait, such as stability, is inherited when the Evolved System retains the
characteristic of the trait from the subsystem. Previous papers have examined the inheritance of
stability and shown that stability is not a generally inherited trait"”. Inheritance of almost strict
passivity of subsystems is desirable in Evolving Systems that use an adaptive key component
controller to restore stability.

In previous papers™®, a key component controller has been proposed to restore stability to
Evolving Systems which would otherwise lose stability during evolution. The design approach
used by the key component controller is for the control and sensing of the components to remain
local and unaltered except in the case of one key component which has additional local control
added to stabilize the system during evolution. The key component controller operates solely
through a single set of input-output ports on the key component, see Fig. 1.

Key

Key
Component
Controller

Figure 1. Key component controller.
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Only the key component of the Evolving System needs modification to restore the inheritance
of stability. A clear advantage of the key component design is that components can be reused in
many different configurations of Evolving Systems without the need for component redesign. The
reuse of components which are space-qualified, or at least previously designed and unit tested,
could reduce the overall system development and testing time and should result in a higher qual-
ity system with potentially significant cost savings and risk mitigation.

In many aerospace environments and applications, the parameters of a system are poorly
known and difficult to obtain. Adaptive key component controllers, which make use of a direct
adaptation control law, are a good design choice for restoring stability in Evolving Systems where
access to precisely known parametric values is limited. The sufficient condition for an Evolving
System with an adaptive key component controller to be guaranteed to have bounded gains and to
have asymptotic output tracking is that the system be almost strictly dissipative. So, we are inter-
ested in the conditions under which the inheritance of almost strict dissipativity can be guaranteed
in Evolving Systems.

INHERITANCE OF ALMOST STRICT DISSIPATIVITY IN EVOLVING SYSTEMS

Inheritance of almost strict dissipativity of subsystems is desirable in Evolving Systems that
use an adaptive key component controller to restore stability. Consider a nonlinear system of the
form given by Eq. (7). We say this system is Strictly Dissipative when there exists a function
V(x)>0Vx #0 such that the Lie derivatives satisfy:

LV =VVA(x)<—S(x) ¥
{A (x) <=S(x) Vx ®

L,V =VVB(x)=C"(x);VV = gradient V/

The function V' (x(¢)) is called the Storage Function for Eq. (7), and the above says that the stor-
age rate is always less than the external power. This can be seen from

V =VV[A(x)+ B(x)u]
<-S(x)+C"(x)u )
= —S(x)+<y,u>
Taking u=0, it is easy to see that Eq. (9) implies Eq. (8a) but not necessarily Eq. (8b); so Eq. (8)

implies Eq. (9) but not conversely. They are only equivalent if Eq. (8a) is an equality. (When
equality holds in Eq. (8) and Eq. (9), the property is known as Strict Passivity.)

We will say a system (u,y) is Almost Strictly Dissipative (ASD) when there is some output
feedback, u = G,y +u,, so that the following is strictly dissipative:

{fc = A (x)+ B(x)u,; Ao (x) = A(x) + B(x)G.C(x) (10)

y=C(x)

Now if each component of an Evolving System is ASD, then we have
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VLA G5+ BOGIC (6] € —S5,00)+ 38,V Vi A, (3,01 "
j=l o 11

\4 ViBi (xi) = CiT (xi)

where VV, = gradientV,. Due to the interconnection terms, Eq. (11) is not necessarily strictly

dissipative. However, in some circumstances, the interconnection terms have a special form and
ASD is inherited when the system evolves.

Suppose we have a pair of subsystems of the form:
%, = A.(x,)+eB,(x)u, + B (x,)u’
Y =C(x) (12)
¥ =Clx)

. U, N U, Y2 .
where i =1,2 and both subsystems 4l 4| and 2 15| 5 || have storage functions
U, N U, | L

V.. We have the following result:
Theorem 1: If the subsystems (", y') and (1, y;') are ASD and

VV.B(x,)=C/(x,);i=1,2 (13)

then the resulting feedback connection, y, =u, and u, =—y,, will leave the composite system

_ u]A _ ylA . L
uy=| , [,y,s=|", || almoststrictly dissipative.
U, Y2

Proof: See Appendix.

It was previously shown that the physical connection of components is equivalent to the feed-
back connection of the admittance of one to the impedance of the other’*. When two components
join to form an Evolved System, at their point of contact, their velocities are equal and the forces

exerted are equal and opposite. If the two components are given by (f;,v,) and (f,,v,), then
the contact dynamics of the Evolved System can be represented by:

{fl S (14)
W=E4, =V, =4,

This connection can be modeled as the admittance of one component connected in feedback
with the impedance of the other component. When we use this idea of the joining of two compo-
nents of an Evolving System as the feedback connection of their admittance and impedance, we
can apply Theo. 1 from above to determine whether almost strict dissipativity is inherited by the

Evolved System. Consequently, if the two subsystems (u,,),) and (u,,y,) are in admit-
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tance/impedance form, then Theo. 1 shows that ASD is an inherited property for nonlinear Evolv-
ing Systems.

MATHEMATICAL FORMULATION OF ADAPTIVE KEY COMPONENT
CONTROLLER WITH PERSISTENT DISTURBANCE MITIGATION

In this section, we describe the mathematical formulation of an adaptive key component con-
troller for restoring stability to an evolving system. The key component is chosen to be compo-
nent #1 of the evolving system and will be modeled by the following nonlinear system with an
external persistent disturbance:

% = A (0)+EB (4 + B (o)’ +T, (4
K=Gx) (15)
H=G'x)

All vector fields in Eq. (15) will have the appropriate compatible dimensions and be smooth in

their arguments with a single equilibrium point at 0 in a neighborhood U.

The persistent disturbance input vector u, (Z) is ND-dimensional and will be thought to

come from the following disturbance generator:

{ u, =0z,

zy=Fz,52,(0)=z,

where the disturbance state z, (t) is ND-dimensional. Such descriptions of persistent distur-

bances were first used to describe signals of known form but unknown amplitude’. For example,
step disturbances yield ® =1and F=0 while sinusoidal disturbances can be described by

O=[ 0]
P o

where the frequency ,, is known but the amplitudes are unknown.

Assume that the disturbance generator parameter F is known. In many cases this is not a se-
vere restriction as when the disturbance has the form of a sinusoidal or a step function. To im-
prove understanding, the above can be written in the following equivalent form:

{MD =0z,

(16)
zp =Lg,

where ¢, is a vector composed of the known basis functions for the solutions of z, (l) and

(L, 0) need not be known. The solution of z,, (Z) can be written as:
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z, (1) =€z, (0) = [@ 0. 0,(0), s 0y, (z)] z,(0)= z . (t) =Lp,

i=1

Note that L is directly related to F' via its columns but not to €. Some rearrangement of the
entries in the columns of F is needed to create ¢, . A simple example of the above is given by

<o ol
X= X+ (ut| |u,
0 0 1 1 (17)

u,, = asin(wpyt +b) = a, sin(wyt) + a, cos(wpt)

the following:

A A

u

Assume q ! },[ N D is ASD. Also assume the following matching condition is true:
U N

R(T,(x) < R(B'(x))) (18)

which says there exists /. such that B/ (x,)H. =T,(x,).

Component #2 will represent the rest of the evolving system and will be assumed to be strictly
dissipative by choice of local controllers:

X, = A, (x,)+ &B,(x,)u
{ s = () + 8B, (), "
¥, =Cy(x,)

The components are in admittance-impedance form so when they are joined u, =—y, and

u, = y,. The adaptive key component controller with disturbance mitigation works through the
control input-output ports (U]A > yf) of component #1 and is defined by:
' =Gy + Gy
G ==y ") 757.>0 (20)
Gp==1'($) 70375 >0

X

This produces x E{ }ﬁo with bounded adaptive gains (Ge, GD) as the following con-

‘x2
vergence theorem shows:
Theorem 2: Assume that V| and V, are positive for any x # 0 and radially unbounded, and

(A(x),B(x), C (x)) are continuous functions of x and S(x), above, is positive for any x # 0

and has continuous partial derivatives in x. Furthermore, assume:
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4 4
U 1

u
1) The conditions of Theo.l are satisfied; so that ﬂ ! },{ N }J is almost strictly dissi-
pative (ASD)
2) The matching condition: R(T',(x,)) < R(B"(x,))
3) ¢, is bounded (or F has only simple imaginary poles and no right half-plane poles)

X

Then the adaptive key component controller given by Eq. (20) produces x = { }TO

x2
with bounded adaptive gains (GC,GD) when component 1 is joined with component 2 into an

Evolved System and the outputs y, = C,(x;) ——=;—0.

Proof: See Appendix.

It should be noted that the above results might only hold on a neighborhood
N, (0,1) = {xl. / ||xl. " < ri} . Then the stability in Theo. 2 is only locally asymptotic to the origin.

ILLUSTRATIVE EXAMPLE

Example 1, which follows, is a two component linear flexible structure Evolving System. The
components of Ex. 1 are stable when they are unconnected components, but the Evolving System
fails to inherit the stability of the components. This example will be used to demonstrate the in-
heritance and lack of inheritance of almost strict dissipativity in Evolving Systems.

Component 1 Component 2
LR R N I NI N N NN N L AR R RN Y N Y NN NN
1’15'?1 v, EQJ V3EQE

iy

essssRRIRRIIRRRES

Figure 2. Example 1: A two component flexible structure Evolving System.

The dynamical equations for the components of Ex. 1 are:
mg, =u, =&k, (g, —q,)

T (21a)
Wi :[%5%]

component 1: {
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myG, =u, — &,k (q, —q,) —ky, (9, —q5)
myG; =uy —ky, (g5 —q,)

component 2: LT (21b)
Y2 = [‘]2»%]
. 1T
Y3 = [%»%]
with m, =30, m, =1, my =1, k,, =4, and k,, =1. Example 1 has controllers:
u, =—(0.9s +0.1)g,
1
U, = —(0 +0.25 + O.qu2 (22)
s

Uy = —(O.6s + l)q3

The subsystem components from Ex. 1 are stable in closed-loop form when they are uncon-
nected, i.e., €, =0. When &, =1, the system is fully evolved and it has a closed-loop eigen-
value at 0.17, resulting in an unstable Evolved System.

A Simulink model was created to implement an adaptive key component controller for Exam-
ple 1 as described in the previous section. Simulations were run in which the connection parame-
ter, &), , ranged from 0 to 1, allowing the system to go from unconnected components to a fully
Evolved System. The key component controller was able to maintain system stability during the
entire evolution process when it used the input-output ports on mass 1 of component 1, see Fig. 3.
When component 1 was the key component, the fully evolved system is almost strict positive real
(ASPR), which is equivalent to almost strictly dissipativity for LTI systems'".

Mass Displacement with Adaptive Control on Mass 1
10

Mags 1
Mags 2 1
Mags 3
5 -

Position

3 . . . . . . . . .
1] 50 100 150 200 250 300 350 400 450 500
Time (seconds)

Figure 3. Adaptive key component controller on mass 1.

When the key component controller was located on component 2 and used the input-output
ports on mass 3, stability was not maintained, see Fig. 4. The adaptive key component controller
was not able to restore stability on mass 3 because that system was not ASPR, i.e., it had non-
minimum phase zeros at 0.005154+0.2009i. Hence it did not satisfy the almost strictly dissipative
condition of Theo. 2.
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Mass Displacement with Adaptive Control on Mass 3

180 T T T T T T T T T

Mass 1
Mage 2
Mass 3

Faosition

150 L L L L L L L L L
1} a0 100 180 200 250 300 350 400 450 600

Time (seconds)

Figure 4. Adaptive key component controller on mass 3.

CONCLUSION

We have presented a result (Theo. 1) describing when an Evolving System will inherit the al-

most strict dissipativity traits of its subsystem components. An example was given of successful
inheritance of almost strict dissipativity and failed inheritance of almost strict dissipativity. This
result allows a control system designer to determine a sufficient condition for an Evolving System
to use an adaptive key component controller to restore stability. We also presented a convergence
result (Theo. 2) for an adaptive key component controller to restore stability during evolution and
mitigate persistent disturbances.
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APPENDIX

Proof of Theorem 1:
Let (ui,y?")be ASD. From (9) and (11), there exists Gi* such that
VA (x)= VY[ A(x)+ B (x)G C (x) | <=8,(x)+ &,V V4, (x,u,,1)

(A1)
\ ViBiA (%)= CiA (x; )T

If we connect (u,,),) in feedback with (u,,y,), then y, =u, and u, =—y, and, use (12)
and (13), then we have VV, 4, (x,,u,,u") =VV,B,(x)u, =C/ (x)[-y,]=-y/ y, and similarly,
VIV, 4y, (3,13 ) = 1, 3,

X
Let x E{ 1 } and, from Eq. (12),
X

o A+ B(x)u:{Ai(xmsnAlz(xz)HB;’(xl) 0 H}
Ay (%)) +&,,4,,(x) 0 By (x,) || u;

_[»] ¢ {cr‘(xl)}
g L;} S P

with V' =V, +V,, using Eq. (13) and ¢, = ¢, = ¢ from Eq. (3),

(A2)

VVA(x)=[VV, V1] {A‘C(XI)HA”(%)}

AL (x,) + &4y, (x,)
:VVlAl(xl)+g(—y1Ty2)+VV2A2(x2)+g(y2Tyl)
< [S,)+ S, )]+ e (- v ) +e (1)
=-5(9)

and

B! 0 ci)]
o 83 g8

A A

u

Therefore [u y { IA} Y, = {MA D is ASD with output feedback
U,

2

A * A Ar
G, 0
{M'A} = { ! *}[%A } + M'AV} as desired. End of proof.
u, 0 G|y u;
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Proof of Theorem 2:

Since the physical connection of component 1 to component 2 is equivalent to the feedback
connection #; =—y, and u, = y,,

By Theo.1 we have that the closed-loop system (ulA , ylA ) below is ASD:
% = A4,(x)—&B,(x,)C,(x,)+ B (x )’
X, = 4,(x,) +€B,(x,)C(x,);0< e <1 (A3)
Y 1A = CIA (x,)

Rewrite Eq. (20) to obtain,

u! =Gy +Gop, =Gy +GLp, +AGy

w

A
AG=G-G' =[AG, AGD];n{yl} (A4)

Pp

- - 7/2 O
AG=G=—y(‘(y{*)T7;7{O ) }0
D

Combining (A.3) and (A.4) yields:
X = Alc(xl) —&B,(x)C,(x,)+ |:BIA (x1)Gz) +1 (xl)HL]¢D + BlA (x)w
X, =A4,(x,)+6B,(x,)C/(x,); 0 e <1 (AS)
ylA = C1A (%)

with w=AGn and G, =—H.OL from Eq. (20) and 4" (x,) = 4,(x,)+ B/ (x,)G.C/(x,) .
Let V =V, +V, and we have:
V ==S(x)+ (v, w) (A6)
Now form V, = %tr(AG;/_lAGT) and obtain from Eq. (A.3):

V, =tr(AGy ' AG") = —tr(y () AG") = —tr(y{'(w)")

A7
:_<J/1Avw> (A7
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Define: V(x,AG) =V (x)+V,(AG) and, from Eq. (A.5) and Eq. (A7), we have:

V(x,AG) =V (x)+ V5 (AG) = =S(x) + (3", w)— (", w)

. (A8)
=-S(x)<0

This guarantees that all trajectories (x,AG) are bounded. If ¥ (x,AG) is uniformly continuous
or ¥ (x,AG) is bounded, then Barbalat’s Lemma'® yields:

S(X)T)O

and the positivity and continuity of S(x) imply that x = {xl }T) 0. Now consider
X,
. . o o [OS(x) | _ [0S |y [0S(x)
V(x,AG) ==$(x) <[S(x)|= <= ] < — D\A(x)H+H B(X)HHWI”’H]
P oS(x)

@]+ [Bolac]c; el

which is bounded because (x,AG) is bounded, S(x) has continuous partial derivatives and
(A(x),B(x), C (x)) are continuous, and a continuous function of bounded x(¢) is also bounded

int. So, y, = C;(x;)——=—0 because C,(x,) is continuous. End of proof.

207



	Back to Contents
	AAS 12-614
	INTRODUCTION
	MATHEMATICAL FORMULATION OF EVOLVING SYSTEMS
	INHERITANCE OF SUBSYSTEM TRAITS IN EVOLVING SYSTEMS
	INHERITANCE OF ALMOST STRICT DISSIPATIVITY IN EVOLVING SYSTEMS
	Theorem 1

	MATHEMATICAL FORMULATION OF ADAPTIVE KEY COMPONENT CONTROLLER WITH PERSISTENT DISTURBANCE MITIGATION
	Theorem 2

	ILLUSTRATIVE EXAMPLE
	CONCLUSION
	REFERENCES




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.7
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 2400
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 2400
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2400
  /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 <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


