2029. Fine trajectory planning method for mobile
piezorobots

Ramutis Bansevicius!, Asta Drukteiniene?, Genadijus Kulvietis®, Eugenijus Macerauskas*,
Jurate JanutenaiteS, Dalius Mazeika®

'Kaunas University of Technology, Kaunas, Lithuania

2Siauliai University, Siauliai, Lithuania

3,45, 6Vilnius Gediminas Technical University, Vilnius, Lithuania

2Corresponding author

E-mail: ramutis.bansevicius@ktu.lt, *astad@it.su.lt, 3genadijus. kulvietis@vgtu.It,
‘eugenijus.macerauskas@vgtu.lt, Sjurate janutenaite@vgtu.lt, *dalius. mazeika@vgtu. It

Received 2 November 2015; received in revised form 13 April 2016; accepted 17 April 2016
DOI http.//dx.doi.org/10.21595/jve.2016.16601

Abstract. New trajectory planning method for mobile piezorobots is presented in this paper.
Non-rotated mobile piezorobots must move by the given trajectory at the maximum speed and
precisely replicate the given path. Two segments excitation schemes, which are used for formation
of motion trajectory, were analyzed. Trajectory planning method was verified with numerical
experiments and with the experimental system in the laboratory.
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1. Introduction

Many industrial applications need to manipulate different types of objects with high accuracy,
therefore it is important to use precise positioning systems with nanometric resolution. Most high
precision positioning devices are driven by piezoelectric actuators. They have the following
advantages: high resolution, short response time, good controllability and etc. [1-3].

Description of a theoretical background of systematic computer algebra methods for analyzing
the real-time dynamics of robots with a large numbers of joints was presented [4]. The first
schematics of trunk robots (Fig. 1(a)) were given based on friction control between links by high
frequency oscillations or by applying electrorheological fluids with controllable viscosity.
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Fig. 1. a) The schematic of robot with a large number of joints and b) a case of positioning device on the
plane: 1 — piezoelectric cylinder with radial poling, 2 — table, 3 — electric motor with unbalanced rotor,
generating centrifugal force P, (outward force, apparent in a rotating reference frame, P, = mrw?);
¢) piezorobot top view, where 1, 2, 3, electrode’s segments, 4 — orientation arrow
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Fig. 1(a) presents schematic of a new class of multi-degree-of-freedom trunk robots, based on
new concept to generate motion of the grip. Classical rule of robotics says that the number of
degree-of-freedom of robot should be equal to the number of applied actuators however we
propose a new principle of the robot actuation. A new idea is to actuate trunk of the robot. The
following advantages will be achieved: considerably increase number of degree-of-freedom,
enabling the grip to reach hardly accessible zones; highly reduced number of actuators (e.g.
electric motors) —up to 1 (and it is not related to total number of degree-of-freedom of trunk robot);
very simplified mechanical design and low weight (this is important for satellite applications).

The trajectories of grip are realized by applying special software, controlling in real time the
number of degree-of-freedom of every kinematic pair in relation to the phase of external force
with alternating direction (in case when the force is generated by rotating unbalance).

The following trajectory planning algorithms for these 3DOF piezorobots (piezoelectric ring,
piezoelectric cylinder and piezoelectric hemispheric) under two contacts excitation schemes were
created [6]: switching contacts, control points and tangents methods. All developed mobile
piezorobot electrodes are divided into three equal segments.

Linear movement is formed using only one excited electrode in switching contacts algorithm.
If one electrode segment of robot is active at a time, then motion trajectory is a broken line. The
trajectory formed with this algorithm is not precise, but the control of piezorobot is the simplest.

Both control points and tangents algorithm are using same segments excitation schemes. One
scheme is used for linear movement formation, when one segment is excited. The second scheme
is used for all three electrodes that are excited at the same time, to achieve the traveling wave.
Then the robot will rotate around the z-axis. The principle of the control points method is to divide
a given trajectory into equal length segments and make rotation movement at points joining these
segments. These points are called control points. The method is suitable for the motion in
continuous curves. This method was created to form high-precision trajectories. The method of
tangents is designated to shape the trajectory that is optimal in respect of speed but maintain the
accuracy of motion. Comparison of all three algorithms is presented in Table 1 [7].

Table 1. Comparison of algorithms of trajectory planning
Switching contacts | Control points Tangents

1 2 2

Number of segments excitation schemes used for
trajectory formation

Number of active segments used for linear motion 1 1 1
Number of active segments used for rotation
around its central axis (z-axis)

Is it used for forming precision trajectories? No Yes No
Is it used for forming high speed trajectories? No No Yes

0 (not rotating) All segments | All segments

The following requirement was formulated for a new trajectory planning algorithm i.e.
non-rotated mobile piezorobots must move precisely by given trajectory at maximum speed. The
most accurate method for movement along the given trajectory is the contact point algorithm, but
velocity of the piezorobot is slow because traveling wave is used for the rotation. Therefore,
developed till now trajectory planning algorithms cannot be used. New algorithm allows to excite
two or more electrodes at the same time for obtaining linear motion of the piezorobot.

2. Fine trajectory planning method

Let’s analyze piezorobot that have three electrodes (Fig. 2) and assume that two electrode
segments can be excited at the same time with different forces f]i, where i is number of trajectory
point, J is number of segment ] = 1, 2,..., ¢, where c is quantity of segments. The movement
forming force fﬁ of the piezorobot is proportional to the voltage on each segment and is controlled
by changing the amplitude of a sinusoidal signal. Eq. (1) is used to calculate the total force:

2044 © JVE INTERNATIONAL LTD. JOURNAL OF VIBROENGINEERING. JUN 2016, VOL. 18, ISSUE 4. ISSN 1392-8716



2029. FINE TRAJECTORY PLANNING METHOD FOR MOBILE PIEZOROBOTS.
RAMUTIS BANSEVICIUS, ASTA DRUKTEINIENE, GENADIUS KULVIETIS, EUGENIJUS MACERAUSKAS, JURATE JANUTENAITE, DALIUS MAZEIKA

Fr=) fu 1

S(x(6), ¥(®))

Fig. 2. Trajectory planning scheme

Mobile piezorobot is moving by a given parametric trajectory S (x(t), y(t)) in
two-dimensional space, where t is parameter. Results are forces of separate electrode segment
| f}L| and their total force |ﬁl| at the trajectory point (x(t;), y(t;)). The problem was solved in two
different situations: when |]?]l| € [0, finax] and |]?]l| € [fmin fmax)-

Orientation of the total force ﬁi is the same as tangent line orientation at trajectory point

(X(ti), Y(tl))

Since the aim is to maximize traveling velocity of the piezorobot, so electrode segment, that is
closed to the total force vector must be selected for the excitation and its numeric value are equal
to maximum:

|]?11| = fmax if @5 = min(Qq, @20, P30, 2

where @;; = Ff},.
Forces of the individual electrode segments are equal to:

|f}z| = A]ifmax' (3)

where A;; is proportionality coefficient and can be calculated by formula:

(1, @y = min([ey]),
0, @ =B,
Ay = 4
' 7sin(,8 — o) else v
sin @y, ’

where 8 = 360°/c is angle between segments.

If the angle between the total force and the segment force is more than angle between segment
forces, then segment force value is equal to zero. So this electrode segment is turned off. The last
segment is calculated using Eq. (4).

When all values of the segments are known, then the total force is calculated as follows:
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Fy = Z 5]1’]?11', (5)
J=1
where

O' 9011 = ﬁ (6)

When the numeric value of the force is between minimum and maximum values or the segment
is turned off we have more complicated case. There also can be a situation, when value of one of
two forces is less than minimum, then it should be equated to this minimum value. In this case, an
error of the direction of the total force occurs and piezorobot deviates from the given trajectory
(Fig. 3(a)).

In order to maintain the most accurate replication of the path, an inactive segment is turned on
(Fig. 3(b)). The value of the force of this segment is equal to minimum value. So one force, which
is the nearest to the total force orientation, is equal to maximum value, and the other force, which
is cardinally in the opposite orientation, is equal to the minimum value.

|f_;z| = finin ﬁli
y
"fli ": fmax
4;‘8,_3;;
S !
-.._:*’ " .X'_
F; 1 /3ill = fonin X |fail = frnax

a) The error of the direction of the total force ﬁi b) Situation, when inactive segment no. 2 is turned on
Fig. 3. Scheme of segments forces and the total force

Numeric values of the third force f]’: and the total force are unknown. These values were
calculated after solving the system of equations:

C -
|F;| cos 6; = Z]:1|f]i| cos ¢y,

R c (7
|Fi|Sin9i=Z |f]i|5in(p];
J=1
where 6; is angle between tangent line and x-axis and:
fmin: |ﬁl| = 0:
|f}1| = fmax: @i = min([‘p/i])' (8)
|f]‘;|, else.

Both analyzed cases i.e. when | ]?11| € [0, frnax] and | f]l| € [fmins fmax] can be combined in
general algorithm that is shown in Fig. 4.
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BEGIN BEGIN
ReCalculation(fiin)

Calculating [}?,l] vales, | | SN
7 1 -

when |f]1| € [0, finax] , Inactive

: segment

1 is turned on

False

|f]l| = fmin

True

- R False

|f]l| < fmin and |f/l| #0
True

ReCalculation(finin) Calculate | f;;| and |F}|
I
END <

Fig. 4. Fine trajectory planning algorithm
3. Analysis of trajectory planning algorithm

A mathematical model of proposed trajectory planning algorithm was evaluated with a given
trajectory and in both situations when | f]ll € [0, 5] N and | f}L| € [2, 5] N. The given trajectory is
_ (x(t) =15cost,

equal to S(x, y) = {y(t) — 10sint,

first electrode segment and global x-axis) of the piezorobot was changed a ={20°, 40°, 60°}.

when —3.15 < t < 3.15. The orientation (angle between the

The results of numerical experiment showed that when | f}l| € [0, 5] then one segment is
always turned off, but the other values of segments change smoother in the requirement range
(Fig. 5(a)). It can be noticed that the average of the total force is independent on piezorobot
orientation. After calculations of average total force and standard deviation it can be concluded
that the total force value is equal to 4.542+0.196 N. The force value changed in the very small
range, so the speed will be close to the maximum and the movement will be smoother.

Furthermore, when the force must be in the specific range, one value of the segment is always
equal to maximum, sometimes inactive segment is turned on and then the third force value is
increasing and is more than minimum value, but significantly reduces the total force at the same
time (Fig. 5(b)). The total force value is changing in the range [2.615; 4.961] N. In this case the
total force value will be equal to 3.831+£0.879 N. The force value changed in the wider range, so
there will be loss of speed (force) in some trajectory points.

The loss of the force in some trajectory points was calculated in these experiments. This
calculation was repeated with different trajectories and with different minimum and maximum
ranges. This showed that the loss of the total force is the same for the identical proportion of the
range (Fig. 6). It gives an opportunity to assess the average maximum speed and select the most
appropriate range for forces.
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Fig. 5. Numerical experiments results
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Piezorobot on glass plate

Fig. 7. The three degree of freedom computer
based control system
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4. Experimental study

An experimental system was developed in order to validate proposed trajectory planning
method. It consists of two main parts: a piezoelectric cylinder as piezorobot prototype and the
control system. Piezorobot is located on a glass plate. The interface to hardware output was set
according to the technical requirements of National Instruments NI-DAQmx hardware [8, 9]. The
experimental system is shown in the Fig. 7.

Piezorobot control system consists of LabVIEW-based control software that was designed to
operate on Industry PXI (PCI eXtensions for Instrumentation NI PXIe-1062Q) computer system

(Fig. 8).

Trajectory planning
module
(MATLAB)

Control system
software

system
(LABView)

|
I
I
I Control signals formation and distribution
I
I

Industry computer system (PXI)

h J

Analog output L Analog
hardware (DAQ) amplifier

H» Piezorobot

Fig. 8. The structure of the piezorobot Fig. 9. Piezorobot control system block diagram
control system

The program consists of trajectories planning module based on MATLAB and was used to
calculate the trajectories of the piezorobot [10]. Control signals formation and distribution system
forms analog signal sequence for piezorobot control. Analog output hardware DAQ (Data
Acquisition NI PXIe-6368) is a physical equipment that distributes the analog signals to the
physical outputs. The analog amplifier is necessary for signal amplification because piezorobot
moves with the high voltage (up to 160Vp-p) sinusoidal signal.

The control system is based on the trajectory planning MATLAB software that was integrated
into the LabVIEW program (Fig. 9). MATLAB software module (M) forms a sinusoidal frequency
control signal (f) for controlling three sinusoidal signal generators G1, G2 and G3. Generators
generate sinusoidal signal 52.5 kHz for the piezorobot control. Amplitude control signals (g1, g2,
g3) change the amplitude of each signal at the right time and manage the amplifiers A1, A2 and
A3. Enhanced signal is supplied to each of piezorobot segments 1, 2, and 3 individually managing
each of the amplitude according to a calculating algorithm by mathematical module M. The
mathematical module calculates variables values accordingly giving control algorithm of the
piezorobot.

Hardware control software (Fig. 10) was created on LABView, using MATLAB script as a
mathematical module. The trajectory formatting speed was set manually using clock (in
milliseconds) with external multiplication. 3 channel sine wave generator was programed by
LABView and controlled by MATLAB script.

Extensive experiments were conducted in order to confirm validity of the piezorobot control
methods and algorithms. Control experiments were carried out using experimental system and it

was found out that piezorobot moves by a given trajectory in two ways: when | ]?,L| € [0, frnax] it

has ellipse type trajectory (Fig. 11(a)) and when | f],| € [finins fmax] trajectory is a curve
(Fig. 11(b)). Trajectory points were obtained when making pictures of the moving piezorobot by
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photo camera at discrete time points.

The force of the piezorobot segments is proportional to the control signal amplitudes which
have been monitored by a digital oscilloscope. It was found that moving trajectory of the
piezorobot is very similar to the given one. Precision measurements have not been performed since
the system was designed only to validate the proposed trajectory planning method. Precise
measurement of the trajectory is expected to make in the future when experimental system will be
supplemented with video camera and image processing tools as feedback elements.

Mathematical
module

t Ii

Millisecond
multiple

t
=15*cos(t);

3 Channel sine wave
generator

1

and clock o 10%sin(); la1
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Fig. 10. Control software LABView block diagram
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Ramutis Bansevicius conceived the concept of mobile robots and multi-degree-of-freedom
trunk robots. He also developed design of the investigated piezoelectric robot. Asta Drukteiniene
developed fine trajectory planning method for piezorobot and conducted numerical experiments
for verification of the created algorithm. Genadijus Kulvietis analysed and summarized trajectory
planning algorithms of piezorobots. Eugenijus Macerauskas created experiment control system of
piezorobot, designed LABView based piezorobot control software, and performs an experiment
of the piezorobot control and movement by the calculated trajectory. Jurate Janutenaite was
responsible for modelling and finite element analysis prior to experiments. Analysis allowed to
determine suitable geometrical parameters, oscillations and contact points’ trajectories. Dalius
Mazeika conducted numerical investigation of the piezoelectric robot and drafted the manuscript.
All authors read and approved the final manuscript.

5. Conclusions
A new trajectory planning method was proposed and evaluated. Motion of the piezorobot is
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formed by using new segments excitation scheme when two or more segments are excited to
obtain linear motion without rotation. Trajectory planning method was validated using special
experimental system. Piezorobot movement precisely replicate the given trajectory. The
experiment was carried out with only one robot section. Whereas, Eqgs. (4) and (5) were received
full kinematics and dynamics equations of movement, so routes of several sections of 6 DOF robot
can be calculated using the fine trajectory planning algorithm.

Acknowledgement
This research is funded by Research Council of Lithuania, Project No. MIP-084/2015.
References

[1] Richard M., Clavel R. Concept of modular flexure-based mechanisms for ultra-high precision robot
design. Mechanical Sciences, Special Issue on Future Directions in Compliant Mechanisms, Vol. 2,
2011, p. 99-107.

[2] Rochat F., Schoeneich P., Marti O., Bleuler H., Mondada F., et al. Cy-mag3De: magnetic climbing
inspection robot. Proceedings of the 14th International Conference on Climbing and Walking Robots
and the Support Technologies for Mobile Machines, 2011, p. 407-414.

[31 Du Zhijiang, Shi Ruochong, Dong Wei A piezo-actuated high-precision flexible parallel pointing
mechanism: conceptual design, development, and experiments. IEEE Transactions on Robotics,
Vol. 30, Issue 1, 2014, p. 131-137.

[4] Bansevitius R., Cepulkauskas A., Kulvietiené R., Kulvietis G. Computer algebra for real-time
dynamics of robots with large numbers of joints. Computational Science, Lecture Notes in Computer
Science, Vol. 3039, 2004, p. 278-285.

[5] Bansevitius R., Cepulkauskas A., Kulvietiené R., Kulvietis G. Symbolic Calculation of the
generalized inertia matrix of robots with a large number of joints. Computational Science, Lecture
Notes in Computer Science, Vol. 3516, 2005, p. 643-650.

[6] Bansevicius R., Drukteiniene A., Kulvietis G., Tumasoniené 1. Design of mobile microrobot based
on standing and travelling waves. International Journal of Advanced Robotic Systems: Mechatronics,
Vol. 10, Issue 219, 2013, p. 1-7.

[71 Bansevicius R., Drukteiniene A., Kulvietis G. Movement trajectory planning algorithm of rotating
mobile piezorobot. Solid State Phenomena: Mechatronic Systems and Materials, Mechatronic Systems
and Robotics, Vol. 164, 2010, p. 371-376.

[8] Shujiao J., Yanmin L., Wanli Z. The design of data acquisition system based on virtual instrument.
ICCSNT, 2nd International Conference, 2012.

[9] Sumathi S., Surekha P. LabVIEW Based Advanced Instrumentation Systems. Springer, Berlin,
Heidelberg, New York, 2007.

[10] Ding Y., Sun B., Huang Y., Lin W., Qian F. Hybrid MATLAB and LabVIEW to implement an
intelligent foundation fieldbus control system. Intelligent Control and Automation (WCICA), 8th
World Congress, 2010, p. 4539-4543.

Ramutis Bansevicius — Professor of Kaunas University of Technology, Institute of
Mechatronics. He introduced the theory, structure and applications of adaptive high
resolution multi-degree-of freedom Active kinematic pairs, based on the use of piezoactive
materials.

Asta Drukteiniene received M.S. degree in Informatics at Siauliai University (SU) in
2008. She received Ph.D. in 2011 in the field of Informatics Engineering at Vilnius
Gediminas Technical University (VGTU). Now she works at SU, in Department of
Computer Systems. The main area of R&D — trajectory planning algorithm for piezorobot.

© JVE INTERNATIONAL LTD. JOURNAL OF VIBROENGINEERING. JUN 2016, VOL. 18, ISSUE 4. ISSN 1392-8716 2051



2029. FINE TRAJECTORY PLANNING METHOD FOR MOBILE PIEZOROBOTS.
RAMUTIS BANSEVICIUS, ASTA DRUKTEINIENE, GENADIIUS KULVIETIS, EUGENIJUS MACERAUSKAS, JURATE JANUTENAITE, DALIUS MAZEIKA

Genadijus Kulvietis received the degree in Mathematics at Kaunas University of
Technology (KTU) in 1976. He received Ph.D. (1980), Doctor Habilitus degree (1993) in
the field of Mechanical Engineering. He is a Professor at VGTU (Vilnius Gediminas
Technical University) Information Technology department. The main area of R&D —
application of computer science methods for modelling and control mechatronic systems.

Eugenijus Macerauskas is Ph.D. student in information engineering at Department of
Information Technology, at Vilnius Gediminas Technical University (VGTU), Vilnius,
Lithuania. He received his M.S. degree in Information technologies at VGTU 2010. Now
he works at Vilnius University of Applied Sciences. His current research interests include
piezorobots control software and hardware, LABView programing.

Juraté Januténaité received B.S. degree in Statistics from Vilnius University (VU) in
2011, M.S. degree in Informatics from Vilnius Gediminas Technical University (VGTU)
in 2014. Currently she is studying for Ph.D. in Mechanical Engineering at Vilnius
Gediminas Technical University (VGTU). Her current research interests include
nanometric scale piezoelectric sensors and actuators with emphasis on numerical analysis.

Dalius Mazeika received M.S. degree in Informatics from Vilnius Gediminas Technical
University (VGTU) in 1994 and Ph.D. degree in Mechanical Engineering from VGTU in
2000. Now he is Professor at Information Systems Department in VGTU. His current
research interests include piezoelectric actuators, ultrasonic motors and energy harvesting
systems.

2052 © JVE INTERNATIONAL LTD. JOURNAL OF VIBROENGINEERING. JUN 2016, VOL. 18, ISSUE 4. ISSN 1392-8716




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /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 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /UseDeviceIndependentColor
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /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 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /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 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /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 true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth 8
  /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 <>
    /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 [4000 4000]
  /PageSize [612.000 792.000]
>> setpagedevice


