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TIME-PERIODIC SPACECRAFT ATTITUDE CONTROL
WITH THE USE OF SLEWING PERMANENT MAGNETS

Introduction. Electromagnetic actuators are widely used in spacecraft (SC) attitude control systems. These ac-
tuators can be modified by using slewing permanent magnets (ASPM) as sources of torque instead of electromag-
nets. These modified devices consume less onboard electricity for SC attitude control than the conventional ones.
Problem Statement. An algorithm for attitude stabilization of a SC using ASPM was proposed in previous studies,
where the pole placement technique and pulse-width modulation (PWM) were used to design the controller. How-
ever, this approach does not allow the designers to find optimal values of the required magnetic torques, which
may result in frequent engagement of the stepper motors of the ASPMs and their significant energy consumption.
This controller has such a drawback because its gains are selected without taking into account time-periodic pro-
perties of the Earth magnetic field.

Purpose. The purpose of the study is to design the algorithm for the SC angular stabilization by the ASPMs
taking into account time-periodic properties of the Earth magnetic field.

Materials and Methods. The solution of the time-periodic Riccati equation was used for the controller de-
sign. Mathematical modeling and computer simulation of SC motion was applied to build the model of the plan
and validate the results.

Results. A time-periodic based SC attitude control algorithm has been designed. Taking into consideration the
time-periodic properties of the magnetic field of Earth allow us to optimize the required magnetic control torques.
This algorithm minimizes the frequency of the actuation of the ASPM sashes, and thus reduces onboard energy
consumption.

Conclusions. The designed algorithm increases the control efficiency of SC attitude control by using jointly
the ASPMs, time-periodic linear-quadratic regulator and pulse-width modulator.
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New SC control algorithms, which guarantee the
efficient operation during current and future spa-
ce missions, are among very important areas of
research in modern space science and technology.
Attitude control is a subtask of SC motion cont-
rol [1]. Attitude control system can use different
actuators, for example reaction wheels, electro-
magnetic torquers, thrusters, control moment
gyros and other modifications of these systems
[1—3]. Electromagnetic torquers are frequently
used for SC because they allow the system to
control the SC attitude motion using only on-
board electrical energy, which can be renewed in
orbit. Today, magnetorquers are mainly used for
SC detumbling and the reaction wheel desatura-
tion. At the same time, the application of these
actuators for other tasks of attitude control is a
promising direction in the SC design due to their
principal simplicity and reliability.

The main approaches for applying “mobile cont-
rol” methods for electromagnets are given in
Refs. [2, 4, 5]. These approaches make it possible
to perform uniaxial orientation and stabilization
of the SC and, at certain limited time intervals,
triaxial stabilization of the SC. Proportional-dif-
ferential (PD) regulators was used for electro-
magnetic attitude control in Ref. [6]. It should be
noted, these approaches can provide pretty rough
stabilization of the SC, which is explained by the
specifics of the magnetic actuation. When an
electromagnet generates a control torque in one
control channel, disturbances occur in other ones
due to the specificity of the channel coupling of
the magnetic torques [4]. Thus, the accuracy of
stabilization is determined by the ability of the
controller to generate the required control torque
in each channel and compensate disturbances in
adjacent channels [7, 8].

References [11, 12] propose to use actuators
with slewing permanent magnets (ASPM), which
based on technologies for shielding of permanent
magnetic fields [9, 10]. These devices consume
less the onboard energy compared to electromag-
nets, because permanent magnets do not require
power to generate the required dipole moments.
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For example, Refs. [7, 11, 12] demonstrate that
the ASPMs consume three times less electric
energy than electromagnets with “mobile control”
[8] and an order of magnitude less than conven-
tional electromagnetic stabilization [1—3].

However, the pole placement method used in
Ref. [12] for selecting the gains of the controller
does not allow the designers to find optimal of
magnetic torques at a certain control interval,
which leads to quite frequent actuation of the
ASPM stepper motors. This controller has such a
drawback because its gains are selected without
taking into account time-periodic properties of
the magnetic field of Earth.

To mitigate this drawback a time-periodic mo-
del of the plant can be used for the controller de-
sign. References [20, 21] apply robust control me-
thods to control such plants, but the robustness
of the system to the variation of the model pa-
rameters is provided at a cost of control perfor-
mance. In Ref. [23], an algorithm to control the
time-periodic plant is synthesized by solving the
state dependant Riccati equation. However, this
approach requires solving the Riccati equation
onboard during SC operation. References [13,
24] numerically solve the time-periodic Riccati
equation to design optimal periodic controller. It
should be noted that numerical algorithms for
solving such an equation are a key problem and,
despite existing publications on this matter, for
example [24, 25], software for such problems is
not widespread. Given this, there is of interest to
study the possibility of using the solutions of the
time-periodic Riccati equation for the synthesis
of the SC control algorithm using ASPM.

In previous studies [11], [12] the ASPMs were
proposed to use for the SC attitude stabilization.
A characteristic feature of this new class of mag-
netic actuators is the possibility to provide con-
trolled shielding of permanent magnetic fields.
Structurally an ASPM consist of three main ele-
ments: capsules (shields) with sashes, slewing per-
manent magnets and stepper motors. These ac-
tuators can apply discrete control torques gene-
rated by the interaction of the permanent magne-
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tic field with the EMF as a result of opening and

closing of the capsule sashes.

It should be noted that the application of this
approach has quite significant limitations in
terms of bandwidth. Given this, this approach
should be used in long-term missions with very
limited energy consumption where ensuring the
speed of reorientation is not the main goal. Such
missions may include:

o deorbiting of space debris using an aeromag-
netic system [8], [11, 12];

o the SC attitude stabilization in passive flight
modes, Sun Acquisition mode for battery char-
ging, where accurate stabilization and settling
time are optional, but minimum energy con-
sumption is a priority;

¢ maintaining the SC operation in emergency
situations coursed by a partial failure of the
power system.

In Ref. [12] the capsule sashes are controlled
by a discrete controller and PWM. This approach
allowed the authors to reduce the onboard elec-
trical energy consumption for rough stabilization
of an aerodynamically unstable SC with a flat sail
in comparison with conventional control appro-
aches [1, 2] with the electromagnets. However, as
mentioned above, the pole placement technique
used to design the discrete time-invariant control-
ler does not allow minimizing the actuation of the
capsule sashes, because in this case the optimized
output is the cross product of Earth magnetic field
(EMF) induction vector and magnetic dipole mo-
ment vector of permanent magnet instead of re-
quired magnetic torque. This article mitigates this
drawback by directly optimizing the magnetic con-
trol torques of the ASPMs using a time-periodic
regulator in conjunction with the pulse-width mo-
dulation (PWM) for SC attitude stabilization.

The purpose of the study is to design an algo-
rithm for the SC angular stabilization by the
ASPMs taking into account time-periodic prop-
erties of the plant.

To achieve this purpose, the following tasks are set:

1. To design the SC attitude controller using a
time-periodic LQR and a PWM.
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2. To simulate the orbital and attitude motion
of the SC controlled by the ASPMs.

3. To compare the performance and the onboard
electric energy consumption for the designed
controller with the results obtained in previous
studies.

DYNAMIC MODEL

The following reference frames were used: the in-
ertial reference frame (IRF), orbital reference frame
(ORF), body frame reference frame (BFRF) [1],
magnetic dipole reference frame (MDRF) [3, 14].

The origin O of the IRF is placed in the Earth
center of mass, the axis OZ is directed along
Earth’s axis of rotation, the axis OX, OY lie in the
plane of the Earth equator so that the axis OX is
pointed to the vernal equinox, and the axis OY
complements the system to the right-handed one.
The origin A of the ORF coincides with the SC
center of mass. The axis AS is directed along the
SC radius-vector r at the current point of the or-
bit, the axis AT is located in the plane of the orbit
and forms an acute angle with the vector of the
SC orbital velocity. The axis AW complements
the system to the right-handed one. The axes of
the BFRF coincide with the principal axes of the
SC inertia. The axes of the BFRF are parallel and
coincident in direction with the corresponding
axes of the ORF when the SC orientation is nom-
inal. When the SC deviates from the nominal ori-
entation, the position of the BFRF relative to the
ORF is determined by the following sequence of
rotation angles: pitch 0, roll @, and yaw y. MDRF
is the oblique dipole type reference frame [14].

To model the orbital motion of the SC with the
ASPMs, a system of the differential equations of
perturbed motion in orbital elements is used,
which is integrated in the ORF [15]:

a:2a2h1(e-sin8-8+£T),
r

é=h’l(p-sinS-S+[(p+r)cosS+r-e]T),
i"=r-hcos(3+w)-W,
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(1)

where a is the semi-major axis of the orbit; e is the

eccentricity of the orbit; h =1/ua(1—e2); Q is the

argument of the ascending node;  is the argu-
ment of perigee ; i is the inclination of the orbit; r
a(l e )
l+ec

cal parameter of the orbit, p = a(1 — €%); nis the
gravitational constant; 9 is the truth anomaly; ¢ is
the time of SC orbital motion; S, T, Ware the pro-
jections of radial, transverse and normal perturb-
ing accelerations on the ORF axes, respectively.

The model (1) takes into account the gravita-
tional and aerodynamic perturbations. The aero-
dynamic perturbations are calculated using the
atmosphere model of the European Space Agency
(ECSS atmosphere standard) [16]. Gravitational
perturbations are presented taking into account
the influence of the first six zonal harmonics of
the Earth’s gravitational potential decomposi-
tion by spherical functions in the form of Legen-
dre polynomials.

Dynamic Euler equations and kinematic equa-
tions in quaternion form are used to model the
SC attitude motion. The dynamic equations are
presented in vector form as follows:

Jo+tox(J o)=M"+ M, (2)

where J is the SC inertia tensor; ® = [, ®, © 7 is
the vector of the SC attitude Velomty in the
BFRF; M® = [M M M:]"is the vector of the SC
control torque, which is generated by the ASPMs
(in BERF); MP = [M M M?]"is the vector of the
total perturbation torque in the BFRE.

The control torque is determined as follows:

is the SC radius-vector, r= ; pis the fo-
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M® =mx (p,H), (3)
where m = [m_m m_|"is the vector of magnetic
dipole moments of magnetic actuators that are
used for the SC attitude control; H=[H H H]"
is the vector of the EMF strength in BFRF H, =
=4 - 1077 H/m is the magnetic constant.

The model of the SC attitude motion takes into
account the aerodynamic drag and gravitational
perturbation torques which are calculated ac-
cording to the method described in Ref. [17]. To
determine the control magnetic torque, the
NOAA Earth magnetic field model in dipole re-
presentation is used (first three harmonics) [18].
Kinematic equations are given as follows [19]:

o 0 -o, -0, -, | q
%105 0 O oy RO
qZ (’Oy _O‘)z 0 O)X q2
q3 @, (Dy —, 0 0,

where g, q,, q,, q, are the components of the
quaternion.

The yaw, roll and pitch angles can be calculated
using the quaternion components and equations
from Ref. [19].

LINEARIZED MODEL

To facilitate control design, the mathematical
model of the attitude motion is linearized using
the approach from Ref. [13]. The linearized sys-
tem (2), (4) can be given in the state space form
as follows:

X(t) = AX(t)+ B(t)m(t), (5)
where X®)=[0, 4, o o o, o] isthestate vec-
tor;m)=m,_ m, m, ]T is the control magnetic di-
pole torque; A is the system matrix, where Dim|[A] =
= 6 x 6; matrix A has the following non-zero elements:

Ay =8y =85 = 015; A, :8'(‘]zz _‘]yy)'wtz) / ‘]xx;
a46 :(‘]xx _‘]yy +‘]zz)'0‘)0/“]xx; a52 :6'(‘]22 -

853 :2'(“]xx _‘]yy)'(’oél“]zz; 84 :(_‘]xx +‘]yy

Jxx)ﬂ)gl\]w;
_‘]zz)'wol‘]zz;

41



Khoroshylov, S. V., and Lapkhanoy, E. O.

06 [ - == Roll
........... Pitch
04F 3 Yaw
(I
(A
F:UG 0207 % S
;_l v —\ ,~’: /\
) AN Sl Ty e =
é 0 \,-;_‘_/_‘ //v S N /‘_,f STt
iy K AR "."
B A 7
i\
02t LM
-0.4
0 10000 20000 30000 40000 Time, s

Fig. 1. Variations of the attitude angles
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Fig. 2. Modulated magnetic dipole moment in the roll channel for case 1

, is the absolute value of the mean SC orbital ve-
locity; J.,,.J,,»J.. are the principle moments of the
SC inertia; B is the input matrix, Dim[B] = 6 x 3,
matrix B has the following non-zero elements:

HoH, HoH HoH, HoH,
XX XX yy yy
MoH, . HoH,
belz%’bezz_‘o] :

o4 2z

Since the modern SC control system is a dis-
crete computer system, the model (4) is repre-
sented in the following discrete form:

Xk+1 = Akxk + Bkmk, (6)

42

where A, = (I + At); B, = B(t)t; t, is the sample
time; & is the sample number; m, = [m* m’; m*" is
the discretized control vector. ‘

CONTROL DESIGN

The discrete-time linear-quadratic regulator (DLQR)
problem [24] is a widely used methodology to de-
sign controllers. The goal of the DLQR design is
to find a static gain K for the full-state feedback
law that minimizes the quadratic cost function:

J=minY (Q'XQ+R'uR) (7
k=0
where Q, R are the cost matrices.
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Fig. 4. Modulated magnetic dipole moment in the yaw channel

Among various positive properties, such a con-
troller demonstrates impressive robustness, which
allows designers to use it for systems whose ac-
tual parameters differ significantly from the nom-
inal ones [23]. According to this methodology
the control is given in the following form:

m, =K (X" -X,), (8)
where X is the reference input vector.

Since the matrices B and B, depend on the
truth anomaly, their values vary with the orbital
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period T, therefore they satisfy the following con-
ditions:
om B(t)=B(t+T),
B, =B

©)

k+p?

-1
wherep =T/t, T = Zn( /%J )
a

To control such a time-periodic plant, it is nat-
ural to use a periodic discrete linear-quadratic
regulator (PDLQR) [25]:

m, =K, (X"=X,), (10)
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The periodic gains matrix K, = K, is calcu-
lated as:

K.=(R +B"P,B ) B'R,A. (11)

where P, is the solution of the discrete periodic
Riccati equation (DPRE).
P,=Q+AlP, A —A'P B

kTR TR kT okt

(R+B"P,, B)'B"P, A

k15 TR

(12)
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The solution of the DPRE satisfies the follow-
ing conditions P, = P, .

Since the solution of equation (12) is not a trivial
task, the algorithm presented in Ref. [25] and used
in this study to solve the DPRE is described below.
The extended state vector is introduced as follows:

Zk = [Xk Yk]T, (13)
where Y, = P X,
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For this vector, there is a matrix %, which pro-
vides the following transition:

Zk+p =I1,Z,,
Hk = El;lp—le+p—1~~ EI;ile+1EI:1Fk’ (14)
-1pT T
where E, =LI) BRAkTB }, F :{Ag ﬂ

Since 11, is a simplistic matrix, it can be repre-
sented using the ordered Schur decomposition
[25] in the following form:

T
|:Wllk Wle :| I |:Wllk Wle :| —
W22Lk W22k ‘ W21k W22k

— |:Sllk Sle j|
0 Sy (15)
where W, is an orthogonal matrix; §,,, is an up-
per-triangular matrix, which has all of its eigen-
values outside the unit circle.

Using this decomposition, the DPRE solution
can be found as follows:

P =W, Wiy - (16)

The magnitude of an ASPM output can have
only two values: zero and the value of the mag-
netic dipole torque of the permanent magnet.
Taking into account this peculiarity of the ASPM
application, the control magnetic torque is modu-
lated using the technique given in Ref. [12].
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30000 40000  Time,s

Thus, the required pulse duration of the PWM
are calculated for each control sample after find-
ing the discrete dipole moments as follows:

m;
dt, =Lt
mHM
dt mtt (17)
’ mHM )
m;
dt, =1Lt
mHM

where m, is the magnetic dipole torque of the
permanent magnets.

The number of the capsule openings and their
closings can be calculated considering the number
of the pulses during a given sample interval and, thus,
the electricity consumption of stepper motors.

Simulation of the SC control. The efficiency of
the designed PDLQR based algorithm is demon-
strated by simulating the SC orbital and attitude
motion using the parameters summarized in Ta-
bles 1—3. Table 1. SC parameters.

The weight matrixes Q (Dim(Q) = 6 x 6) and
R (Dim(R) = 3 x 3 have the following nonzero
elements: q,, = q,,= q,,=1.0;9,, = q.. = q,, = 0.9;
R, = Ry, = R,, = 0.6.

The discretization period ¢ of 20 s is selected
for simulations. The variations of the SC attitude
angles for the time interval of 12 hours are plot-
ted in Fig. 1. Figures 2—4 show modulated mag-
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Table 1. Spacecraft Parameters

Parameter Value
Mass, kg 100
Cross-section, m? 0.5
Center of pressure offset, m 0.1
Magnet torque, A - m? 10

Table 2. Elements of the Inertia Matrix

Element Jo | Sy | Lo | Ly | e |

Value, kg - m? 8 12 15 | 0.03 |0.025| 0.04
Table 3. Orbital Parameters
Parameter Value
Semi-major axis, m 7006030.15
Eccentricity 0.001
Inclination, deg 72

netic torque in each control channel. One period
variations of the optimized gains of the PDLQR,
nonzero elements of the matrix B,and the PDLQR
output are depicted in Fig. 5, Fig. 6, and Fig.7,
respectively.

Comparing the simulation results for the PDLQR
with the PWM and the similar results obtained
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YACOIIEPIOJIMYHE KEPYBAHHA KYTOBUM PYXOM KOCMIUYHUX
ATTAPATIB 3 BUKOPUCTAHHSIM ITOBOPOTHUX ITOCTIMHUX MATHITIB

Beryn. EnekTpoMarniTHi BUKOHABYI OpraHu IIMPOKO BUKOPUCTOBYIOTBCS B CUCTEMaX KepyBaHHS KOCMIUHUMU ariapaTaMu
(KA). I1i BuxonaBui opranu MokHa Mou}iKyBaTH, BHKOPUCTOBYIOUH, 3aMiCTh €JIeKTPOMATHiTiB, TOBOPOTHI MOCTiliHi MarHi-
i (BIIIIM) st reHepaitii kepyrouoro MmoMenTy. OCTaHHI CIIOKMBAIOTh MeHIIe GOPTOBOI eIeKTPOEeHepTii sl KepyBaHHs
opienrartieio KA, Hijk 3BUYaiifi eJIeKTPOMArHiTH.

IIpoGaemaTuka. B nomepeaHix goc/ipKeHHsIX 0yI10 3aPONOHOBAHO aJIrOPUTM opieHTaltii it crabiiizaiii KA 3 Bukopuc-
tauusiv BITTIM. [Ijist po3poOku ajiroputmy KepyBaHHsI OyJI0 3aCTOCOBAHO IIAXOAM CUHTE3Y MOJAJbHUX PEryJsiTOpiB i3
MMPOTHO-IMITYIbcHOIO MoyJrsiticio (ITTTM). Oxnak Takuii miaXix He J03BOJISIE 3HANTH ONTHMA/bHI 3HAYEHHS HeOOXITHIUX
MarHiTHUX MOMEHTIB, 110 MOXe IIPU3BECTH JI0 4aCTOro BMUKaHHSA KpoKoBuX ABUTyHiB BIIIIM Ta cyTreBoro croxuBanus
eHepril, OCKiIbKU foro KoedilieHT migcuueHHs nigidpano 6e3 ypaxyBaHHs 4acoIepioANYHIX BJACTHBOCTEN MarHiTHOTO
0JIsT 3eMJTI.

Mera. Po3po6ka asroputmy KytoBoi cradimizanii KA 3 BIIIIM 3 ypaxyBaHHAM 4acoBO-TI€PiOANYHUX BJIaCTUBOCTEN yCTa-
HOBKH MartiTHOTO MOJis 3eMJIi.

Marepianu ta Metoau. /{11 po3poOKK PerysiTopa BAKOPUCTAHO PO3B’SI30K YacOIepioAndHOTo piBHsHH Pikkari. JIjst mo-
Gy10B1 MOJIeJIl TIITAHY Ta EePEBIPKU Pe3yIbTaTiB 6yJI0 3aCTOCOBAHO MATEMATHYHE Ta KOMITIOTEPHE MOJIeioBaHHs pyxy KA.

Pesyasratu. Po3pobiieno gacomepioqudHmii aropuT™ KepyBanHs opienTarieio KA. BpaxyBaHHs 9acoBO-TIEPiOIMIHNUX
BJIACTUBOCTEl MarHiTHOTO 0JIst 3eMJIi I03BOJISIE ONTUMI3YBATH 3HAYEHHST HEOOXIIHUX MarHITHIX Kepyoounux MoMeHTiB. Lleit
AJITOPUTM MiHIMiZy€ yacToTy crpaiboByBantst ¢ty 10K BIIIIM i Takum 4MHOM 3HIZKYE GOPTOBE €HEPrOCIOKUBAHHSL.

BucHoBku. Po3pobiieHnii aaropuTs™ MiBUIILYE Mpale3faTHICTh Ta eeKTUBHICTh KepyBaHHs opieHTaiicio KA muisxom
Bukopucrtanis BIITIM, yaconepiogmunoro JiHiTHO-KBaPATHYHOTO PETYJISTOPA Ta MIMPOTHO-IMITYJIbCHOTO MOYJ/ISITOPA.

Kniouosi cnosa: xocMidHMIT aniapart, YaconepiofinyHuil peryJisiTop, BUKOHAaBYi OPraHy 3 TIOBOPOTHUMM TIOCTITHUMU MarHiTaMu.

48 ISSN 2409-9066. Sci. innov. 2022. 18 (5)




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Uncoated FOGRA29 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /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 false
  /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 1200
  /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 true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 1200
  /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 true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /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 <>
    /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.)
    /RUS <>
  >>
  /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


