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Abstract When two different chaotic oscillators are
coupled, generalized synchronization can occur. It
may imply a very complicated relation between the
states of drive and response systems. We propose a
method that can be used to detect and characterize
the generalized synchronization in modulated time-
delayed systems. Using Krasovskii-Lyapunov theory,
sufficient condition for generalized synchronization is
derived. The proposed technique has been applied to
synchronize prototype and Ikeda models by numerical
simulation.
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1 Introduction

Chaos synchronization has been a subject of intense
study and is considered to be a fundamental mecha-
nism behind a variety of behaviors in nature during
the last decade [1]. Possible application areas of chaos
synchronization are in secure communication, model-
ing brain activity and optimization of nonlinear system
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performance [2-5]. Different kinds of synchroniza-
tion have been found: complete synchronization (CS)
[6], phase synchronization (PS) [7-9], lag synchro-
nization (LS) [10], anticipatory synchronization (AS)
[11], generalized synchronization (GS) [12, 13], mul-
tiplexing synchronization (MS) [14], etc. CS means
that the coupled systems remain in step with each other
in the course of time. CS occurs only in coupled sys-
tems with identical elements. When the parameters of
the coupled systems are mismatched from the point
where oscillations are identical, the coupled systems
can still remain synchronized in a generalized sense,
i.e. the response system is a function of the driving
system, which is called a generalized synchronization.
There are several methods to detect the presence of
GS between chaotic systems, such as the auxiliary sys-
tems approach [15], the method of nearest neighbors
[16], nonlinear control [17], modified system approach
[18], etc. Since the transformation between drive and
response systems that embodies the GS can be very
complicated, one needs special methods to detect the
existence of the transformation and to study this kind
of synchronization. In [12, 13, 16], some numerical
methods are used for the detection of GS. GS is an
extension of CS and GS has more applications than
CS. Recently, Yang and Chua [19] realized general-
ized synchronization based on the linear transformed
method. Juan and Xingyuan [17] investigated GS in
autonomous chaotic systems using nonlinear control.
Due to finite signal transmission and memory ef-
fects, time-delayed systems are ubiquitous in nature,
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technology and society [20]. Recently, chaotic time-
delayed system has been suggested as a good candi-
date for secure communication. In recent study it was
discussed that time-delayed system is still vulnerable
for communication because time delay t can be ex-
posed by several measures [21-25]. If the delay time
T is known, the time-delayed system becomes quite
simple and the message encoded by the chaotic sig-
nal can be extracted by the common attack methods
[26]. From the above point of view, we can see that
the study of generalized synchronization in variable
time-delayed system is of high practical importance.
In recent study [27, 28], a scheme based on chaos syn-
chronization is used for the identification of system’s
unknown parameters. Grassi and Mascolo [29] pro-
posed a nonlinear observer design to synchronize hy-
perchaotic systems. An observer is a dynamic system
designed to be driven by the output of another dynamic
system (plant) and having the property that the state of
the observer converges to the state of the plant.

While the concept of GS has been well established
in low-dimensional systems, it has not yet studied in
detail the coupled time-delayed systems and only a
very few studies have been done in time-delayed sys-
tems [30, 31]. In particular, the mechanism of on-
set of generalized synchronization in modulated time-
delayed system has not been yet clearly understood
and requires attention.

In this paper, we present a new method for detec-
tion and characterization of generalized synchroniza-
tion in modulated time-delayed systems. We call this
technique the nonlinear active observer design. This
method is a combination of nonlinear observer and ac-
tive control. This method is different from the tools
described in [15-18, 30, 31]. In addition, as we shall
show below, the nonlinear active observer design can
give analytical treatment for generalized synchroniza-
tion between two different time-delayed systems with
constant and modulated delay time.

The organization of the remaining part is as fol-
lows: In Sect. 2, the definition of nonlinear active ob-
server design is presented. Some generalized synchro-
nization condition using Krasovskii—Lyapunov theory
is obtained. Results of simulation on prototype and
Ikeda systems are given in Sect. 3. Finally, conclusions
are drawn in Sect. 4.
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2 Nonlinear active observer and condition
of generalized synchronization

Let the general coupled time-delayed systems be in the
form of

X =F(x,xg), 6))
y=G(y,y) +v(x,y), )

where x,y € R", F,G : R" — R" are the nonlinear
vector fields, v(x,y) is the control term and x; =
x(t —t1) and X =dx/dt.

Definition Let the output of system (1) be z =
s(¢(x), ¢ (x7,)). Then the dynamic system

)"=G(y,yrz)+h(2—t(y,yr2)) (3)

is said to be nonlinear generalized observer of system
(1) if its state y — ¢(x) as t — oo where ¢ : R" —
R" is the generalized synchronization function and 4 :
R"™ — R" is a suitable chosen nonlinear function [32].
Moreover, system (3) is said to be global generalized
observer of (1) if y — ¢ (x) as t — oo for any initial
condition x (0) and y(0).

The generalized synchronization manifold of sys-
tems (1) and (2) is

y=¢(x). 4)
We consider the dynamics (1) in the form
u=—Au+ Bf(u,), )

where f(u) is a nonlinear function of u, character-
izing the systems, e.g. f(u) = sinu for Ikeda model
[33,34], f(u) = sin®(u — ug) for sine-square model
[35], f(u) = 1%0 for the Mackey—Glass model [36],
etc.

Consider the two time delays 71 and 7, as a function
of time [37-39], instead of constant delay, as

71(t) = 110 + a1 sin(w 1),

6
05 () = T + aze!sin@20 (©6)

where 119, 720 , @1,2 and w1 7 are non-zero constants.

Theorem Let s(x,xy) = f(xg) + kx be the syn-
chronizing signal (k is the coupling strength) and
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t(y, yr,) =ky + g(yr,). Also let
h(z—1(y, yry)) = s(p(x), p(x7)))
—1(y,yr,) +u @)

be a function in (3), where u is the active control term.
Then generalized synchronization between (1) and (3)
occurs if

b Lf(@Gee DI | (a2 — 1)g/(¢(xr2))|’

k + ®)
/1 —1{ J1-17
where t{ = dt(t)/dr.
Proof We consider the coupled systems as
X=F,xq) =—ax+ p f(xg), )
y=G©,yn) +v(x,y)
= —by + n28(yr,) + (¢ (x), P (x7,))

Let e = y — ¢ (x) be the generalized synchroniza-
tion error. Then the error dynamics is

é=—ke—by+ (u2—1)g(y,) + f(‘f’(xtl))
—u+ax¢' (x) — p1¢' (x) f (xg,).

If we choose the active control function u as

u=—[ax¢'(x) — 19’ (x) f (xz,) — b (x)
+ (n2 — Dg(p(xr,)) + £ )], (11)

the error dynamic becomes
e=—r(e+si(Nel —11) +s2(De(t — 1), (12

where

r)y=k+b,  s1()=—f"(¢(xr)),
52(t) = (2 — g’ (¢ (x1,)).

Consider a positive definite Krasovskii—Lyapunov
functional [40, 41] of the form

1 0
V(1) = —e*(t) + hy(t) eX(t + 61) do;
2 —T11(1)
0
+ ho (1) eX(t + 62) do,
—12(t)

where h1(¢) > 0, ha(t) > 0 for any time.

We take derivative of the functional V (¢) along the
trajectory of (12),

0

av. .. )
— =eée+h(t) e“(t+61)do;
dt —()
+hi()[e* — et — 1) + 1]t — 11)]
0
+ ha(1) e*(t +62) d6r

—12(1)
+ha()[e* — &*(t — 1) + The* (t — ) ;
if 71 (t) <0, ha(t) < O for arbitrary ¢, then
V(t) < —(r — h1 — h2)e* + sieer, + s2¢er,

—h(1=1{)e;, —ha(1 — 7})ez

©

2
5

== —hy——L
[V TR T a1

I T
4hy(1 — 1)

, s1e 2
_h](l—fl) Etl—m
1

2
sne
—hao(1— rz’){efz “ -1 }
2

< —W(hy, h)e?,

where

2 2
N S5

W(hy, hy) =r—h;—hy— L — .
(o) =r=h=ho = T o G — )

In order to show that ‘é—‘t/ < 0 for all e, it is suffi-
cient to show that Wi, > 0. One can easily check that
the absolute minimum of W occurs at h; = —

2/1-1]’
hy = —2— with Uy =r — 22— — —2__ Con-
2T o/ fn JI-1 15

sequently, we have the condition for generalized syn-
chronization as

ls1(2)] [s2(0)]
+ 9
\/1 — (1) \/1 — ()

which gives the condition (8).
This completes the proof of the theorem. O

r(n) =

Remarks (1) In case of a constant time delay r{ =
% = 0 = 1}, the above condition (8) is satisfied for

a constant time delay.
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Fig. 1 (a) Chaotic attractor (a)
for the drive system (13), 3

(b) response system’s

attractor, (c¢) generalized 2

synchronization manifold

for the coupling strength 1

k = 3.5, (d) corresponding
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(2) The condition in the above theorem is success-
fully applied to a wide class of time-delayed systems
with constant and variable time delay.

(3) One cannot obtain the generalized synchroniza-
tion without the condition (8).

3 Numerical results

An example will be used to illustrate the effective-
ness of the obtained results. We consider the two well-
known chaotic time-delayed systems: prototype and
Ikeda time-delayed systems, and their numerical sim-
ulations are performed. We consider prototype system
as the drive and Ikeda system as the response system.
Consider unidirectional coupled system as

X =08xy —ex], (13)

y = —by + uzsin(yy,) + v, (14)

@ Springer

time

where v = s(¢p(x), ¢ (xr)) — t(y, yr,) +u and u is
given by (11). In prototype model, § and € are positive
parameters and this system is proposed as a chaos gen-
erator and is studied in [42]. Physically y is the phase
lag of the electric field across the resonator, b is the
relaxation coefficient for the dynamical variable, and
w2 is the laser intensity injected into the system. t; is
the round-trip time of the light in the resonator or feed-
back delay time in the coupled systems [33, 34]. The
Ikeda model was introduced to describe the dynamics
of an optical bistable resonator and is well known for
delay-induced chaotic behavior [33, 34]. We take time
delays 71 and 7> as a modulated time delay in the form
of (6).

The systems (13) and (14) are chaotic for the set
of parameter values § = 1.0, ¢ = 1.0, 119 = 1.6, a1 =
0.26, w1 =0.8 [37-39] and b = 1.8, u2 = 6.0, 70 =
2.0, a = 0.5, wr = 0.02, respectively. At first the
function ¢ (x) is defined as ¢ (x) = x2, then active con-
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Fig. 2 (a) Chaotic attractor

of the response system, 10
(b) generalized
synchronization manifold 5 - R
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trol function is u = 2ax? — 21 x (87, — ex?l ) —bx?+ Similarly,
(2 —1) sin(x%z) + 8y, — ey?] and s = Bxfl — e)cg1 + 1 1

kx2, t = sin(yr,) + ky. Then the above condition (8)
for generalized synchronization becomes

as)

1 -1 =1—ajwcos(wit) < |1 —ajw| cos(wi1)|

<1+ |ajwicos(wit)| <1+ ajwi,

s0 /1 — 1, < /14 ajw; implies that

> L
VI+aiw

1
\/l—rl’

> .
\/1_.[2/ J1+3a2w2

For the above set of parameter values, generalized
synchronization between (13) and (14) occurs if k£ >
3.4766. For our simulation, we choose k = 3.5. At
this position, the chaotic attractors of the drive and
response systems are shown in Fig. 1(a) and (b), re-
spectively. In Fig. 1(c) the generalized synchroniza-
tion manifold is shown. The corresponding synchro-
nization manifold is shown in Fig. 1(d).

For ¢(x) = x>, one can observe the generalized
synchronization for k = 4.0 and the other parameters
as before. At this position, the chaotic attractor of the
response system is shown in Fig. 2(a). In this figure,
the manifold is shown and corresponding synchroniza-
tion error is given in Fig. 2(c).

@ Springer
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Fig. 3 (a) Chaotic attractor (a) (b)
of the response system 3 2
when ¢ (x) = —x, (b) time
series of x(¢) (solid line) 2f
and y(t) (dotted line) for
k = 4.0, (¢) corresponding 1t
antisynchronization -
manifold, (d) corresponding 2ol
antisynchronization error )
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If ¢(x) = —x, one can observe the antisynchro- two identical coupled systems is much more compli-

nization for k = 4.0. The chaotic attractor of the re-
sponse system is shown in Fig. 3(a). The time series
of x(¢) and y(t) are shown in Fig. 3(b). In this figure
it is observed that the drive and response systems are
in anti-phase pattern, i.e. the difference of the phase
angles of the synchronized trajectories is . Antisyn-
chronization manifold is shown in Fig. 3(c) and corre-
sponding manifold is shown in Fig. 3(d). The relation
between the states of drive and response is y = —x.

4 Conclusions

We have addressed a method for generalized synchro-
nization in time-delayed systems, using combination
of nonlinear observer and active control. Chaos syn-
chronization is often understood as a regime in which
two coupled chaotic systems exhibit identical behav-
ior. But practically chaos synchronization between

@ Springer

cated. When the parameters of the coupled systems are
slightly mismatched, then complete synchronization
cannot be observed but the coupled systems can still
remain synchronized in a generalized sense. General-
ized synchronization is an extension of complete syn-
chronization. Secure communication based on gener-
alized synchronization can reduce the complexities of
the transmitters and receivers. Up to now, the study on
generalized synchronization in time-delayed system is
still at the stage of beginning. The study of generalized
synchronization in modulated time-delayed systems is
of highly practical importance. As an important impli-
cation for practical applications it is demonstrated that
generalized synchronization is robust with respect to
parameter changes. This method also offers new pos-
sibilities for communication schemes using chaos syn-
chronization.

Our work leads to several advantages over exist-
ing work [12, 13, 15-19, 30, 31]. (i) It is capable
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of realizing generalized synchronization of a general
class of time-delayed chaotic systems, while previous
work [12, 13, 15-19] only mentioned generalized syn-
chronization on two coupled low-dimensional chaotic
systems and only very few recent studies have dealt
with generalized synchronization in time-delayed sys-
tems [30, 31]. So it can be considered as an extension
of the dynamics from finite-dimensional to infinite-
dimensional chaotic systems. (ii) It enables general-
ized synchronization be achieved in a systematic way
and it does not require the initial conditions belong-
ing to the same basin of attraction. It gives a uni-
form framework for construction of generalized syn-
chronization in time-delayed systems. According to
Krasovskii-Lyapunov theory, we have achieved the
sufficient stability condition for generalized synchro-
nization manifold. The validity and feasibility of our
method have been verified by computer simulations of
prototype and Ikeda systems.

References

1. Pecora, L.M., Carroll, T.L.: Synchronization in chaotic sys-
tems. Phys. Rev. Lett. 64, 821-824 (1990)

2. Pikovsky, A., Rosenblum, M., Kurths, J.: Synchronization:
A Universal Concept in Nonlinear Sciences. Cambridge
University Press, Cambridge (2001)

3. Pikovsky, A., Rosenblum, M., Kurths, J.: Phase synchro-
nization of chaotic oscillations in terms of periodic orbits.
Chaos 7(4), 680—687 (1997). Special issue on chaos syn-
chronization

4. Chen, G., Dong, X.: From Chaos to Order. Methodologies,
Perspectives and Applications. World Scientific, Singapore
(1998)

5. Schuster, H.G. (ed.): Handbook of Chaos Control. Wiley,
Weinheim (1999)

6. Fujisaka, H., Yamada, T.: Stability theory of synchronized
motion in coupled-oscillator systems. Prog. Theor. Phys.
69, 32-47 (1983)

7. Rosenblum, M.G., Pikovsky, A.S., Kurths, J.: Phase syn-
chronization of chaotic oscillators. Phys. Rev. Lett. 76,
1804-1807 (1996)

8. Yalcinkaya, T., Lai, Y.C.: Phase characterization of chaos.
Phys. Rev. Lett. 79, 3885-3888 (1997)

9. Senthilkumar, D.V., Lakshmanan, M., Kurths, J.: Phase
synchronization in time-delay systems. Phys. Rev. E 74,
035205(R) (2006)

10. Zhan, M., Wei, G.W., Lai, C.H.: Transition from inter-
mittency to periodicity in lag synchronization in coupled
Rassler oscillators. Phys. Rev. E 65, 036202 (2002)

11. Voss, H.U.: Dynamic long-term anticipation of chaotic
states. Phys. Rev. Lett. 87, 014102 (2001)

12. Rulkov, N.F., Suschik, M.M., Tsimring, L.S., Abarbanel,
H.D.I.: Generalized synchronization of chaos in direction-
ally coupled chaotic systems. Phys. Rev. E 51, 980-994
(1995)

13.

14.

15.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

Kocarev, L., Parlitz, U.: Generalized synchronization, pre-
dictability, and equivalence of unidirectionally coupled dy-
namical systems. Phys. Rev. Lett. 76, 1816-1819 (1996)
Banerjee, S., Ghosh, D., Roy Chowdhury, A.: Multiplexing
synchronization and its applications in cryptography. Phys.
Scr. 78, 015010 (2008)

Abarbanel, H.D.I., Rulkov, N.F., Suschik, M.M.: Gener-
alized synchronization of chaos: The auxiliary system ap-
proach. Phys. Rev. E 53, 4528-4535 (1996)

. Pecora, L.M., Carroll, T.L., Heagy, J.F.: Statistics for math-

ematical properties of maps between time series embed-
dings. Phys. Rev. E 52, 3420-3439 (1995)

Juan, M., Xingyuan, W.: Generalized synchronization via
nonlinear control. Chaos 18, 023108 (2008)

Hramov, E., Koronovskii, A.A.: Generalized synchroniza-
tion: A modified system approach. Phys. Rev. E 71, 067201
(2005)

Yang, T., Chua, L.O.: Generalized synchronization of chaos
via linear transforms. Int. J. Bifurc. Chaos Appl. Sci. Eng.
9,215-219 (1999)

Kale, J.K., Lunel, S.M.V.: Introduction to Functional Dif-
ferential Equations. Springer, New York (1993)

Arecchi, F.T., Meucci, R., Allaria, E., Di Garbo, A., Tsim-
ring, L.S.: Delayed self-synchronization in homoclinic
chaos. Phys. Rev. E 65, 046237 (2002)

Hegger, R., Bunner, M.J., Kantz, H., Giaquinta, A.: Iden-
tifying and modeling delay feedback systems. Phys. Rev.
Lett. 81, 558-561 (1998)

Bunner, M.J., Meyer, Th., Kittel, A., Parisi, J.: Recovery
of the time-evolution equation of time-delay systems from
time series. Phys. Rev. E 56, 5083-5089 (1997)
Ponomarenko, V.I., Prokhorov, M.D.: Extracting informa-
tion masked by the chaotic signal of a time-delay system.
Phys. Rev. E 66, 026215 (2002)

Zhou, C., Lai, C.-H.: Extracting messages masked by
chaotic signals of time-delay systems. Phys. Rev. E 60,
320-323 (1999)

Short, K.M., Parker, A.T.: Unmasking a hyperchaotic com-
munication scheme. Phys. Rev. E 58, 1159-1162 (1998)
Ghosh, D., Banerjee, S.: Adaptive scheme for synchroniza-
tion-based multiparameter estimation form a single chaotic
time series and its applications. Phys. Rev. E 78, 056211
(2008)

Ghosh, D.: Nonlinear observer-based synchronization
scheme for multiparameter estimation. Europhys. Lett. 84,
40012 (2008)

Grassi, G., Mascolo, S.: Nonlinear observer design to syn-
chronize hyperchaotic systems via a scalar signal. IEEE
Trans. Circ. Syst. 1: Fundam. Theory Appl. 44, 1011
(1997)

Shahverdiev, E.M., Shore, K.A.: Generalized synchroniza-
tion in time-delayed systems. Phys. Rev. E 71, 016201
(2005)

Zhan, M., Wang, X., Gong, X., Wei, G.W., Lai, C.-H.:
Complete synchronization and generalized synchronization
of one-way coupled time-delay systems. Phys. Rev. E 68,
036208 (2003)

Tamasevicius, A., Cenys, A., Mykolaitis, G., Namajunas,
A., Lindberg, E.: Hyperchaotic oscillator with gyrators.
IEEE Electron. Lett. 33, 542-543 (1997)

@ Springer



296

D. Ghosh

33.

34.

35.

36.

37.

Ikeda, K., Daido, H., Akimoto, O.: Optical turbulence:
Chaotic behavior of transmitted light from a ring cavity.
Phys. Rev. Lett. 45, 709-712 (1980)

Ikeda, K., Kondo, K., Akimoto, O.: Successive higher-
harmonic bifurcations in systems with delayed feedback.
Phys. Rev. Lett. 49, 1467-1470 (1982)

Goedgebuer, J.P.,, Larger, L., Porte, H.: Chaos in wave-
length with a feedback tunable laser diode. Phys. Rev. E
57, 2795-2798 (1998)

Mackey, M.C., Glass, L.: Oscillation and chaos in physio-
logical control systems. Science 197, 287-289 (1977)
Ghosh, D., Banerjee, S., Roy Chowdhury, A.: Synchroniza-
tion between variable time-delayed systems and cryptogra-
phy. Europhys. Lett. 80, 30006 (2007)

@ Springer

38.

40.

41.

42.

Banerjee, S., Ghosh, D., Ray, A., Roy Chowdhury, A.: Syn-
chronization between two different time-delayed systems
and image encryption. Europhys. Lett. 81, 20006 (2008)

. Ghosh, D.: Generalized projective synchronization in time-

delayed systems: Nonlinear observer approach. Chaos 19,
013102 (2009)

Krasovskii, N.N.: Stability of Motion. Stanford University
Press, Stanford (1963)

Pyragas, K.: Synchronization of coupled time-delay sys-
tems: Analytical estimations. Phys. Rev. E 58, 3067-3071
(1998)

Ucar, A.: On the chaotic behaviour of a prototype delayed
dynamical system. Chaos Solitons Fractals 16, 187-194
(2003)



	Nonlinear active observer-based generalized synchronization in time-delayed systems
	Abstract
	Introduction
	Nonlinear active observer and condition of generalized synchronization
	Numerical results
	Conclusions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /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 /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /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 600
  /MonoImageMinResolutionPolicy /Warning
  /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

  /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 <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


