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Abstract: This paper studies the problem of formation maneuver of multiple nonholonomic agents. A dynamic feedback linearization
method is used to transform each agent’s dynamic model into two chains of 3rd order integrator. Then a decentralized discontinuous
formation control law with inter-agent damping injection is derived. Asymptotical stability of the overall system is proved by using
Lyapunov method. The proposed algorithm is applied to a nonholonomic multi-vehicles formation maneuver simulation, which

shows the effectiveness of our strategy.
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1 INTRODUCTION

The major reason for studying formation of multiple agents
is due to its challenging features and many applications, e.g.,
rescue mission, large object moving, troop hunting, and
satellite clustering.

Formation control is closely related to the consensus
problem. Most results on graph theory that relate the
cooperative solutions to the consensus problem are obtained
for linear agents [1, 2]. In these papers, the structure of the
communication network between agents was described by
Laplacian matrices. Each agent was treated as a vertex and
the communication links between agents were treated as
edges. The stability of the whole system was guaranteed by
the stability of each modified individual linear system,
where the modification to the linear system accounts for the
structure of the communication network [1].

However, many practical formation maneuver applications
involve the agents with nonlinear dynamics and
nonholonomic constraints. In the well-known paper by
Brockett [3], it was shown that the systems with
nonholonomic constraints cannot be stabilized with
continuous static state feedback. For the case of-multiple
agents, the problem becomes more complex. In [4], a
distributed smooth time-varying feedback control law was
proposed with analysis based on averaging theory for
coordinating the motion of multiple nonholonomic mobile
robots to capture/enclose a target. In [5], formation control
of several mobile robots was considered with the aid of the
dynamic feedback linearization technique, resulting in
cooperative control laws based on multiple double integrator
systems. In addition, several general control methods were
proposed for multiple robots. There are behavior-based
control [6], virtual structure [7], and leader-follower [8]
methods.
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In this paper, we propose a formation control law by using
passivity techniques for multiple agents with nonholonomic
constraints. First, we generalize the full-state linearization
method in [9] to transform each agent’s dynamics into a
linear system consisting of two chains of 3™ order
input-output integrator; Second, we treat each agent as a
MIMO linear system and use the consensus law in [10] to
achieve formation maneuvers; Third, inter-agent damping is
injected to eliminate the relative motion oscillatory and
formation steady error. Finally, the asymptotical stability of
the overall system is proved by using Lyapunov method.
The objective of this paper is to integrate the discontinuous
control law for a single nonholonomic agent with the
consensus law for multiple MIMO linear systems to obtain
an effective formation control strategy for the multiple
nonholonomic agents with exponential convergence rate
and meanwhile depends on less inter-agent communication.
The rest of the paper is organized as follows. In section II,
the relevant results in graph theory is briefly summarized. In
section III, the agent’s dynamical model and full-state
linearization via dynamic feedback are introduced. In
section IV, the main result of formation control strategy is
given. In section V, the effectiveness of the proposed
strategy is tested by a simulation. And finally, we conclude
by summarizing the paper and providing some thoughts on
future directions of research.

2 PRELIMINARIES

The concept of Graph is a useful tool to represent the

structures of networks. Let G = (V, A) be a graph of
order N with a set of nodes }’ ={vl,---,vN} and a set of

arcs ACV XV . An arc (Vi,vj) of G is graphically

denoted by a section of line with arrow drawn from

node Vv to node v, . The set of neighbors of nodeV, is
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denoted by N, :{vj evl: (v,.,vj)e A} . In multi-agent
systems represented in the nomenclature of graph, the
node v, € V means the ith agent; the arc(vi,vj) is the
communication connection that the jh agent sends

information to the ith agent. A graph Laplacian L = [l i ] is

a matrix with its components defined by:
I = Z#iau’ ly=—a,(i# )
a; =1(v;e N,)a, =0(v;& N,)
Assuming that the graph is strongly connected, the
following properties hold [11]:
(1) There is a unique zero-eigenvalue of L .

(2) All eigenvalues of L are nonnegative.

(3) The eigenvector of the zero-eigenvalue of L is a column
vector with all its components are ones.

(4) The eigenvalues of L can be presented as:

0=A(L)< A(L) < <A (L).

3 THE DYNAMICAL MODEL OF A NODE
AND FULL STATE LINEARIZATION

In the sequel, we shall consider the formation maneuver
problem for multiple agents with nonholonomic constraints
from the viewpoint of complex networks. We treat each
agent as a node in the network. The sith agent follows the
node’s dynamical equations below [5]:

Tl [vicos€ ] [ 0 0

P | | v sin6, 0 0

' F
T.

v, 0 1/m, 0 '

o) o Lo

M
And the agent subjects to a 1" order nonholonomic
constraint [4, 9]:

7, -sin@—7,cos8=0.

Physically speaking, the nonholonomic constraint means
that the agent cannot move in the lateral direction
instantaneously. It reduces each agent’s instantaneous
mobility, e.g., in real life, the mobile car can’t move
laterally instantaneously.

In the inertial coordinates frame, let (7,

T
r,;) represent the
inertial position of the ith agent, 91 represent the

orientation of the s#th agent. Let v, and @, represent the
magnitudes of the sth agent’s linear and angular velocities.
Let 7, and E be the applied torque and applied force.
Let m; and J ; represent the 7th agent’s mass and moment of

inertial. For convenience, we assume unit mass and
moment of inertial and let each node’s output be:

h. — xi ( 2)

r Vi
Unlike the I/O linearization method in [5] which needs a
specific output variable selection, we generalize the

dynamic feedback linearization method in [9], introduce a

state variable ; =V
. i é.
h = “ o 3)
& sind,

Differentiating (3) with respect to time gives:

i |:Cf)S 6, —&sin 9,} fl "
sin@,  §cosd, || @
Differentiating again gives:
i [cos&i £ siné?,} i
" |sin€,  &cosd || 4
—sin6,-6, —&sinf & cosb,-6, || ¢,
{cos&i-é}i ficosé’i—fisin@ﬁ"i} 0
5)

If fl # 0, the dynamic feedback linearization control is

given by:

& _{cosé’,

Kz

_“u —sinf,-0 —&sinf —& cosh -6, ] &

u cos8 -6, &cosh—Esind -6 || 6
(©)

~Esing |
sing, & cosé,

2i

which gives two chains of 3" order integrator:

h = {u” } %)
Uy;

} is the new input for the triple integrator

1i

Where u;, =
u

2i
system and the resulting dynamic compensator is:

& =cosb, -5, +sinb, s,
F=¢ ®

. 1 .
7, =@, =—(—sing,-s, +cos b, s,,)
i

Where:

s, =u,+2sin6,-@ & +& -cosb - @)

Sy =, —2¢0s6,-@ &+ & -sinf -’
The original system (1) has five states and the dynamic
compensator (8) has one additional state. All these six

states have appeared in the linear system (7), thus there is
no internal dynamic left.

4 TFORMATION MANEUVERS CONTROL
We adopt the behavior-based approach [5] in this paper.
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Define error function £ < which describes the total error

between the current position of NV agents and the desired
formation:

M=

— LT L
E, =Y W Kh

where ﬁ, =h - h,-d € R?, (see Figure 1), K, e R>? is

positive definite.

Il
—_
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Fig. 1 Multiple Nonholonomic Agents’ Formation
Similarly, define E s as the formation error:
— r 1\ LI
Ef = Z (hi _h]‘) Kf(hi _hj)
JEN;
where K, € R™? is positive definite. Therefore, £ . = 0if
and only if the agents achieve the desired formation
position; £ ;= 0if and only if the agents keep formation

while in motion. The total error for the formation

maneuvers control is:
E=E +E, ©)
where K o K < weight the relative importance of formation

keeping versus goal convergence. The formation control

objective is to drive £ — 0 asymptotically.
Toward this end, define the states transformation:

n-n'l |h
X, = h—h"|=|h | i=1-N
]:ii_l;iid }Nl

1
It’s easy to verify that the formation control objective is
equivalent to the zero consensus of:

limX =1®a, X =[ X7 xi]
i[1,--,1], =0 R
N

We study the problem in state space form:

X, = AX, + Bu,
};l:CXi
010 0
(10)
A=(0 0 1|®1,,B=|0|®I1,
000 1

C= [1 0 0] ®1,
where /  is the nth order identity matrix and & is the notion

B

of kronecker product. It’s obvious that: is

cl|0

controllable and observable. The overall system can be
presented as:

X=(1,®A4)X+(I, ®B)u

~ (11)

h=(1,®C)X
First, we utilize the consensus algorithm in [11]:

u, :KZ (x;—x;)or u=—~(L®K)x
JEN;

Using this state feedback control, (11) is expressed in a
closed form as:

X=((Iy®4)-(L®BK)) X
Lemma 1[10] Assume that A€+A:>0 , the

communication network structure of (11) is strongly
connected and (11) is also controllable and observable.
Then the states of (12) achieve consensus value:

a=N""exp(At)(I" ®1,)X(0)

Only if there is a positive definite matrix Pand gain matrix
Ksuch that:

A"P+PA-A(A,AYPBB"P <0
K — ZN—I (AeA:) BT
AN, +AD)

12)

(Digraph case)

(Undirected case)

K= %z,v (L)B"P

0
where A =
|:0 A

0
} =SLS™',Sis any regular matrix

e
which first row is N™"217 , [ is the left-cigenvector

of L

corresponding  to
I'N"?1=1.

As pointed in [10] that when using this method in digraph
case, the states’ non-zero consensus value brings formation
steady error and oscillatory in agents’ relative motion. This
problem can be solved by introducing a virtual zero-state
agent to drive the non-zero consensus to zero. Here, we
propose an inter-agent damping injection technique based
on passivity method [12, 13]. Since the map from

zero-eigenvalue satisfying

u, — h;is passive, so the feedback s, — u,need to be

strictly passive. We construct a strictly positive real linear
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system C(ss) from };i to u;:

X :Ap;(i"'hi
z, :CpZi

From KYP lemma [14], there exist positive definite
matrices P and O such that:

T _ _ T
A'P+P4,=-0,P=C] (13)
So the map/:ll. —u,is:
A
p | [
sC(s)= P,

Then the augmented state space representation of each

agent is:
x| [4 -BK|[Xx,] [B
w171e 4 |zl 0"

ol

Using Lemma 1 again, we give the consensus control law
with inter-agent damping injection:

X :Apzi-‘rhi
u =K, h~Dh~Ah-K,Y (h~h)
JEN;
~P-Iy—PA, 7, (14)
A =k®I,D=k®L, K, =k ®I,
k, >0,i=1,2,3

Where s~ + k152 +kys+k, =0  satisfies Hurwitz

criterion and P satisfies (13).

Remark 1: Note the presence of the agent’s velocity and
acceleration in the control law. Since this information is
required for dynamic feedback linearization, we assume
that it is available to the controller.

Remark 2: The state ¥, of dynamic controller represents,

in a sense, the estimate of relative velocities between
neighbors. It serves as inter-agent injected damping to
eliminate the relative motion oscillation and formation
steady error.

Theorem 1: The error function (9) converges to zero
asymptotically, if the multi-agents system of (1) is subject
to control strategy (8) and (14).

Proof: (14) can be written in a collective form:

¥=(1,®4,)y+h
u=—{(Iy ®K,)+(LOK,)+(I,®P)]

—(Iy®D)h—(I, ®4.)h—(1, ®P)-(I, ®4,) 1

(15)
Consider the Lyapunov function candidate:

1 2.2

V=—h"(I,®K,+L®K, ) h+—h"h+

N | =

34 (1, ©P) 1
16)
The time derivative of V is given by
V:hr[(lN®Kg+L®K/)iz+ﬂ+ZT~u
1., N R .. a7
+EZ (IN®P)Z+EZ (1,®P) ¥

where: J = ([N ® Ap )}(+ h ,using the control law (15)
and the fact that:

(1,®P)(1,®4,)+(1,®4,) (I, ®P)
=_(1N ®Q)

we obtain:
V=-h"Ah-h"Dh-}" (I, ®0) ¥ (18)

which is negative semi-definite. Let:
Q:{(ﬁ,/f?,ﬁ,;{),ri:o}

and ) —be the largest invariant set in€). OnQ—, we
haveu = 0, therefore, (15) implies that the following two
equalities hold:

(1y®4,)y+h=0
[(1y®K,)+(L®K,)+(1,®P)|h
+(I,®P)(I,®4,) =0

Combing these two equations gives:
[(1y®K,)+(L®K,) =0 (19)

From which asymptotic stability follows by application of
LaSalle’s invariance principle.

5 SIMULATION

We consider a nonholonomic four-agent formation
maneuver problem where each agent is a two-wheeled
vehicle governed by the node’s dynamical model (1). The
inter-agent communication digraph is fixed as shown in

Figure 2:

Fig. 2 Inter-agent communication digraph

The initial posture(r r Q)of the agents are: (-2,2,0),

xi% " yi> i
(-2,1,0), (-2,-1,0), (-2,-2,0). We plan the motion first to
format a tight formation: (0,0.5,0), (0.5,0.25,0),
(0.5,-0.25,0), (0,-0.5,0); then move along the x-axis at the
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speed of 0.25m /s while maintaining the tight formation.
The dynamic controller’s initial conditions are chosen as:

v(0)=v,_ =03m/s, £(0)=v(0)
E(O)=F_ =0.Im*/s '

The controller’s parameters are chosen as:

k =2k, =7,k =2.
To avoid singularity of the added dynamics, i.e., f =0, in
(3). [9] proposes a sufficient condition on the control gains
so as to guarantee the correct relative rates of exponential
convergence for the state variables, in such a way that v does
not go to zero in finite time and @1is always bounded. But
here, we adopt a straightforward solution that consists in
resetting the state & of the compensator whenever its value

falls below a given threshold.

An immediate consequence of V,@ ’s exponential

convergence to zero is that the orientation & also converges

to zero exponentially. The simulation results are as in Figure.

3 and Figure. 4:

Trajectories of four vehicles

25 T T T T T
ot i
1.5F q
1L v=0.25m/s |
0.5 BHPHHHHDH3 i
E ot J
>
0.5 1
atb 4
151 q
20 i
25 I I . I 1 I . I
-3 2 1 0 1 2 3 4 5 6
X[m]
Fig. 3 Trajectories of four vehicles
Consensus Eror
15~ T T T T "
\ — wehicle 1
\ -~ whicle 2
1k \ vehicle 3 | |
\ — wehicle 4
\
N \\
0.5 N 1
5 N \
s <\
a NERY
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3
2E /
oI
o
0.5 4
Ak ]
-1.5 4 L L L L L
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Fig. 4 Consensus error
In reality, the vehicle’s velocities have been imposed with
bounds constraints:

|v| <v._..=03m/s, |£0| <@, =0.5rad/s

In view of these saturations, we adopt the method in [9] to
perform a velocity scaling so as to preserve the curvature
radius corresponding to the nominal velocitiesv , @ . The

actual velocity inputs are shown in Figure. 5:

Vehicles' linear velocities v and angular velocities w

0.5 T T T
0.4 4
0.3  E—
|
0.2 B
0.1 i
@
°
5 of
2
0.1 v
wi
— R
-0.2 -
0 w2
-8
0.3 ~ow |
— V4
-0.4 W A
-0.5 L L L
0 15 20 25 30

Time [s]

Fig. 5 Vehicles’ linear and angular velocities

6 CONCLUSION

In this paper, a formation control law using passivity
techniques is proposed for the formation maneuver
problem of multiple agents with nonholonomic constraints.
We first construct a dynamic compensator to full-state
linearize each agent’s dynamical model. Second, we obtain
a decentralized discontinuous consensus law with
exponential convergence rate based on linearization. Third,
we inject the consensus law with inter-agent damping to
eliminate the relative motion oscillatory and steady
formation error. Finally, we prove the stability of the overall
system via Lyapunov method. The proposed algorithm is
applied to a multi-vehicles formation maneuver simulation
to demonstrate the effectiveness of the strategy. The
meaningful future researches may include robust formation
control design with respect to model uncertainties and
communication delays.

REFERENCES

[1] R. Olfati-Saber and R. M. Murray, “Consensus problems in
networks of agents with switching topology and
time-delays,” IEEE Trans. Automat. Control, Sep. 2004, vol.
49, no. 9, pp. 1520-1533.

[2] W.Renand R. W. Beard, “Consensus seeking in multi-agent
systems under dynamically changing interaction topologies,”
IEEE Trans. Automat. Control, vol. 50, no. 5, pp. 655-661,
May 2005.

[3] R.W. Brockett. Asymptotic stability and feedback
stabilization. In Direrentid Geometric Control Theory,
volume 27, pages 181-191. Springer Verlag, 1983.

[4] H. Yamaguchi, “A distributed motion coordination strategy
for multiple nonholonomic mobile robots in cooperative
hunting operations,” Robotics and Autonomous Systems,
2003, vol. 43, pp. 257-282.

[5] J. Lawton, R. W. Beard, and B. Young, “A decentralized
approach to formation maneuvers,” /[EEE Trans. on Robotics
and Automation, 2003, vol. 19, no. 6, pp. 933-941.

[6] T.BalchandR. C. Arkin, “Behavior-based formation control
for multi-robot teams,” [EEE Trans. on Robotics and
Automation, 1998, vol. 14, no. 6, pp. 926-939.

[7] W. Ren and R. W. Beard, “Formation feedback control for
multiple spacecraft via virtual structures,” IEE Proceedings -
Control Theory and Applications, 2004, vol. 151, no. 3, pp.
357-368.

2009 Chinese Control and Decision Conference (CCDC 2009)

5011



(8]

[10]

5012

M. Mesbahi and F. Y. Hadaegh, “Formation flying control of
multiple spacecraft via graphs, matrix inequalities, and
switching,” AIAA J. of Guidance, Control, and Dynamics,
2001, vol. 24, pp. 369-377.

G. Oriolo, A. De Luca and M. Vendittelli, “WMR control via
dynamic feedback linearization: design, implementation and
experimental validation”, IEEE Transactions on Control
Systems Technology, November 2002, vol. 10, no.6.

Toru Namerikawa and Chika Yoshioka, “Consensus Control

of Observer-based Multi-Agent System with Communication
Delay”, SICE Annual Conference, August 2008, pp. 20-22.

[11]

[12]

[13]

Olfati Saber, J Alex Fax, Richard Murray, “Consensus
Cooperation in networked Multi-Agent Systems”, in Proc.
IEEE, Jun, 2007, Vo0l.95,No.1pp.215-233.

F. Lizarralde and J.Wen, “Attitude control without angular
velocity measurement: A passivity approach,” IEEE Trans.
Automat. Contr., 1996, vol. 41, pp. 468472, Mar.

P. Tsiotras, “Further passivity results for attitude control
problem”, IEEE Trans. Automat. Contr., Nov. 1998, vol. 43,
pp. 1597-1600.

H K. Khalil. Nonlinear Systems [M]. 3™ ed. Upper Saddle
River. NJ: Prentice-Hall, 2002, 240-241.

2009 Chinese Control and Decision Conference (CCDC 2009)




<<
  /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 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /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 true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /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 true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /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 true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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


