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Abstract—We propose a new mobile robot that uses three
standing-wave-type ultrasonic motors (USMs). The USMs are com-
posed of two stacked-type piezoelectric actuators. Recently, with
the miniaturization of electronic and microelectromechanical sys-
tem devices and progress in the biomedical sciences, the demand
for multifunctional manipulation of chip parts and biomedical cells
has increased. Conventional multiaxial stages are too bulky for
multifunctional manipulation in which multiple manipulators are
required. Using conventional precise mobile robots is feasible for
miniaturization of multifunctional manipulation, although their
cables influence positioning repeatability. USMs are feasible actua-
tors for realizing cableless robots because their energy efficiency is
relatively higher than that of other motors of millimeter scale. The
aim of this study is to develop a new type of omnidirectional mobile
robot driven by USMs. In experiments, we evaluated the feasibil-
ity by investigating velocity, positioning deviation, and achieving
repeatability of translational movements under open-loop control.
We determine the repeatability as a ratio of the standard deviation
of the final points to the average path length. The proposed mobile
robot achieves velocities of 18.6–31.4 mm/s and repeatability of
4.1%–9.1% with a 200-g weight.

Index Terms—Actuation and joint mechanisms, kinematics,
mobile manipulation, mechanism design.

I. INTRODUCTION

R ECENTLY, with the miniaturization of electronic and
microelectromechanical system devices and progress in

the biomedical sciences, the demand for multifunctional ma-
nipulations of chip parts and biomedical cells has increased
[1], [2]. Conventional multiaxial stages are too bulky for multi-
functional manipulations in which multiple manipulators are re-
quired [3]. Meanwhile, lightweight and compact self-propelling
robots have been under development; these include those using
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omni wheels [4], piezoelectric actuators as drivers [5], [6], shape
memory alloys [7], and dielectric elastomers [8]. By mounting
various tools on these robots and enabling cooperation with
each other, it is possible to achieve compact multifunctional
manipulations [9]. However, their speed decreases with the
reduction in size, and their power supply requirements remain
relatively high.

In our previous work, an inchworm miniature robot using
piezoelectric actuators and electromagnets was developed. The
robot had advantages such as high positioning resolutions of 10
nm, a light weight of 100 g, and a small size of 86 × 86 ×
11 mm3. Some practical applications of tiny sphere and biocell
multifunctional manipulations have been demonstrated using
this robot [10]–[12].

However, the robot also has a low speed of 7.3 mm/s and
a power consumption of 31 W. That high power requirement
has been difficult to achieve with noncontact power supply
technologies [13], [14]. Moreover, the robot can only be driven
on a well-polished ferromagnetic surface. These factors hinder
its application.

Ultrasonic motors (USMs) are feasible actuators for over-
coming these shortcomings because their energy efficiency is
relatively higher than that of other motors of millimeter scale,
although there are no published reports on omnidirectional
mobile robots using USMs thus far [15], [16].

In this study, we propose a new mobile robot driven by three
standing-wave-type USMs, aiming at higher movement speed,
lower power consumption suitable for a cableless power supply,
and movement on a nonmagnetic surface.

In Section II, we explain the structure, driving principle, and
fabrication of the robot. In Section III, we describe the modeling
and input signals for the fabricated robot. In Section IV, we
evaluate the velocity and positioning repeatability of orthogonal
movements of the robot with and without the loads of 100 and
200 g. In Section V, we summarize the achievements of this
study and discuss future work.

II. Δ-TYPE MOBILE ROBOT DRIVEN BY THREE USMS

Fig. 1 shows the newly proposed robot. It consists of a three
standing-wave-type linear USMs (P-661, PI), an equilateral-
triangle-shaped main stage, three substages blocks, and three
pairs of parallel leaf springs. The specifications are given in
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Fig. 1. Perspective view of a Δ-type mobile robot driven by three USMs.

TABLE I
SPECIFICATIONS OF THE PI P-661 ULTRASONIC MOTOR (DETAILED

SPECIFICATIONS ARE SHOWN IN THE SUPPORTING INFORMATION)

TABLE II
COMPARISON OF SPECIFICATIONS AMONG PRECISE MOBILE ROBOTS

(ESTIMATING METHODS OF POWER ARE SHOWN IN THE SUPPORTING

INFORMATION)

Table I, with additional details provided in Section S1 in the
Supporting Information. Each USM is fixed to its corresponding
substage, where its altitude can be adjusted. Each side of the
main stage is linked to the three substages through a pair of
parallel leaf springs. Our design enabled the insertion of an
additional tool in the main stage.

The specifications of the proposed robot are compared with
those of conventional precise mobile robots in Table II. We also
estimated their energy consumption for speeds of 2 mm/s in this
table. We see that the proposed robot requires much lower power
and also generates higher speed than the inchworm [14] and the
stick-slip [10] based robots, as explained in Section S2 in the
Supporting Information.

Fig. 2. Side view of the robot and close-up view of the friction tip from the
bottom.

Fig. 3. Finite element method results of the diagonal motions of the friction
tip.

As shown in Fig. 2, the friction tips of the three USMs are
designed to be in direct contact with the surface. When driving
the robot, the tips need to be placed on a smooth surface.

Fig. 3 shows that one of the piezo elements inside the motor
generates the standing wave vibration and that the friction tips
of the motors vibrate in an approximately diagonal manner. The
friction tips scratch the surface and push the motor to the right. If
the activated piezo element is switched to another, the tip pushes
the motor leftward.

Each USM is controlled by an analog voltage from –10 V to
+10 V input to the corresponding resonant circuit (C-184.161,
PI), which generates the resonant frequency; the amplitude
displacement and driving direction are adjusted by the analog
input voltage.

As shown in Fig. 4, the frictional forces are oriented 120°
from each other and have an offset r referring to the center of
the robot. By properly changing the three input analog volt-
ages, the composite vector of the three frictional force vectors
can be oriented in any direction and simultaneously produce a
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Fig. 4. Kinematic model of the Δ-type robot.

moment for rotation on the surface; the robot can thereby realize
holonomic driving properties [6], [9]–[13].

III. KINEMATICS

Fig. 4 shows the kinematic model of the Δ-type mobile robot.
We define the three USMs as USM1, USM2, and USM3 in the
counterclockwise (CCW) direction. The center of the robot’s
frame is the center of mass of the robot. We determined that
XR, the axis of the robot frame, is perpendicular to the driving
direction on USM1. θ denotes the orientation of the robot and
is positive in the CCW direction.

For each USM, its position with respect to the robot frame can
be described by multiplying the rotation matrix and the distance
r from the center of the robot using the following equation:

Pi =

[
xi

yi

]
= R (αi) · r

[
1
0

]

where

R (θ) =

[
cos (θ) − sin (θ)
sin (θ) cos (θ)

]
.

We thus have

P 1 = r

[
1
0

]
, P 2 = 1

2 r

[−1√
3

]
, P 3 = −1

2 r

[
1√
3

]
. (1)

The unit direction vector of the translation direction Di of
each USM is perpendicular to its position vector P i. Therefore,
Di can be described as follows:

Di = R
(π
2

) P i

|P i|=
1

r
R

(π
2
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P i,

from which we can obtain

D1 =

[
0
1

]
, D2 = −1

2
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3
1

]
, D3 = 1

2

[√
3

−1

]
. (2)

According to the coordinate transformation equation, where
x represents the coordinate in world frame, P represents the

coordinate in the robot frame with respect to the world frame,
and x′ denotes the coordinate in the robot frame,

x = p+R (θ)x′. (3)

The position of each USM can then be derived from

Pwi = P +R (θ)P i,

and we can obtain the components as follows:

Pw1 =

[
x+ r · cos (θ)
y + r · sin (θ)

]
, Pw2 =

[
x− r · cos (θ − 1

3π
)

y − r · sin (θ − 1
3π

)
]
,

Pw3 =

[
x+ r · cos (θ − 2

3π
)
)

y + r · sin (θ − 2
3π

)
]
. (4)

When we differentiate Pwi of each USM in (4), we obtain Vwi,
the velocity of Pwi with respect to the world frame, as

V wi = Ṗwi = Ṗ + Ṙ (θ)P i. (5)

Vwi is the sum of the translation direction of the robot and the
velocity determined by the rotational motion. Substituting (1)
into (5), we can obtain V wi as follows:

V w1 =

[
ẋ− r · θ̇ sin (θ)
ẏ + r · θ̇ cos (θ)

]
,V w2 =

[
ẋ+ r · θ̇ sin (θ − 1

3π
)

ẏ − r · θ̇ cos (θ − 1
3π

)
]
,

V w3 =

[
ẋ− r · θ̇ sin (θ − 2

3π
)

ẏ + r · θ̇ cos (θ − 2
3π

)
]
. (6)

Although USMs should generate velocity in any direction
equal to Vwi, they generate velocity in a constant direction with
respect to the robot frame. Here, we approximate that their
generated velocities are equal to the inner product of the unique
direction and the translation direction of the robot.

In other words, we approximate that the USMs generate fric-
tional force only in the driving direction because the frictional
force in the perpendicular direction should be minimized to
prevent unexpected vibrations and positioning errors from being
generated. We investigate the modeling error of this approxima-
tion of the anisotropic friction in the next section.

By applying the estimation mentioned above, the translational
velocities of the USMs with respect to the robot frame can then
be obtained from the following equation:

V i = V wi
T · (R (θ)Di) . (7)

By substituting (6) into (7), each USM’s translational velocity
can be obtained:⎡

⎣ V1

V2

V3

⎤
⎦ =

⎡
⎣ − sin (θ) cos (θ) r
sin

(
θ − π

3
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sin
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θ + π

3

) − cos
(
θ − π

3

)
r

− cos
(
θ + π

3

)
r

⎤
⎦ ·

⎡
⎣ ẋ
ẏ

θ̇

⎤
⎦ , (8)

where ẋ, ẏ, and θ̇ represent the translational and rotation angular
speeds of the robot mass center, respectively, with respect to the
world frame.

By applying the inverse matrix, we represent the robot’s three
velocity components, ẋ, ẏ, and θ̇, by the three velocities of the
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Fig. 5. Experimental setup.

USMs, V1, V2, and V3 as given by
⎡
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×
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Because the resonant frequency of each USM is a unique
value and the amplitude displacements are adjusted by the
corresponding analog input voltages, the USMs’ velocities of
V1, V2, and V3 are also adjustable by the input voltages from
−10 to 10 V. We determined the theoretical ratio of the input
analog voltages from the ratio of V1, V2, and V3 from (9) in
the experiments with their maximum input voltages of 5 V, as
explained in Section S5 in the Supporting Information.

IV. EXPERIMENTS

To test the positioning property of the newly developed
Δ-type robot, an open-loop control experiment was conducted.
An image analysis system, as shown in Fig. 5, was used to
record the track of the robot. This system is composed of a
low-distortion lens (CA-LHR8, Keyence), a digital CCD cam-
era (CV-H500M, Keyence), an image analysis device (CV-
5700, Keyence), a portable reconfigurable input–output device
(myRIO-1900, NI), and a personal computer running LabVIEW.
We chose a commercially available whiteboard after trying
various materials to optimize the roughness of the ground sur-
face. One of the main purposes of this study is to investigate
the range of repeatability of the proposed mobile robot on a
reasonable floor for expanding the applications. The coefficients
of static and kinetic friction between the board and the robot were
measured as 0.17 ± 0.2 and 0.072 ± 0.004 (average ± standard
deviation), respectively, using the inclined surface method, as

TABLE III
EXPERIMENTAL CONDITIONS

detailed in Tables S3 and S4-2 in the Supporting Information.
We confirmed that the USMs were vibrating slightly from elec-
tromagnetic noise even when the control voltage was 0 V. This
electromagnetic noise affected the USMs because we cut the
shield cables to decrease the cable tensions, as explained in
Section S4 in the Supporting Information.

We supposed that the very low kinetic friction under the
condition of slight vibration is one of the main reasons why
the robot realizes omnidirectional mobility.

The experiment was separated into a weight-loaded group and
a load-free group. The steps of the experiment were as follows:

1) Load the weight on the robot.
2) Adjust the robot’s location and attitude angle.
3) Manually adjust the theoretical ratio of the input voltages

until the movement direction of the robot is close to the
target direction (see Tables S5-1, S5-2, and S5-3 in the
Supporting Information).

4) Move the robot for 10 s by measuring the track using the
image analysis device.

5) Repeat 10 times from Step 4.
6) Repeat from Step 2 for each movement (12 translations

and 2 rotations for the load-free group and 4 translations
for the weighted group, respectively).

7) Calculate the repeatability from the obtained data.

In this study, we determined the repeatability as the ratio of
the standard deviation of the final points to the average path
length. The experimental conditions are listed in Table III. We
defined φ as the direction of the translational motions.

V. EXPERIMENTAL RESULTS

A. Translational Movement of the Load-free Group

Fig. 6 shows the tracks of translational movements. The dotted
blue lines show the 12 directions. The red points are the average
arrival points of each direction. The deviation bars represent the
corresponding standard deviations on the x and y axes of the
average arrival points.
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Fig. 6. Trajectories of translational movements with no weight.

We found that the translational tracks significantly deviate
from their target directions. The standard deviation of the dis-
tances from the final to the average arrival points is distributed
from 6 to 17 mm. We concluded that the distribution is mainly
caused by nonuniformity of the number of frictional tips con-
tacting the floor simultaneously (as discussed in Section S6 of
the Supporting Information), the tension of the cables, and the
nonuniformity of the frictional condition of the working surface.
These factors especially affect fluctuation of the attitude angle
θ.

B. Rotational Motion of the Load free Group

Figs. 7 and 8 show the rotational tracks of an offset mark on
the robot in clockwise (CW) and CCW directions, respectively.
Blue lines are tracks. The red points represent the ideal rotation
centers. Brown points represent average centers. Deviation bars
show the standard deviation of the experimental rotation centers
(blue points) from the average rotation center.

The average rotation speed reached 144°/s. The standard
deviations of the rotation centers form the average rotation center
were 3.9 and 4.3 mm in the CCW and CW directions, respec-
tively. The circles of rotation were also not properly closed. We
suspect that the unevenness of the frictional condition and cable
tension may be responsible for this.

C. Translational Motion of the Loaded Group

The Δ-type robot is designed to work by applying manip-
ulators for microscopic operations. Therefore, it is necessary
to investigate the positioning property when it is loaded with
additional weight.

Fig. 9 shows the image of the Δ-type robot loaded with
a weight. We moved the robot with two different weights of
100 and 200 g, whose tracks are shown in Figs. 10 and 11,
respectively. The blue lines show the tracks in four orthogonal

Fig. 7. Trajectories of CCW rotation with no weight.

Fig. 8. Trajectories of CW rotation with no weight.

Fig. 9. Δ-type robot mounted with a weight.
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Fig. 10. Tracks with a 100-g weight in orthogonal directions.

Fig. 11. Tracks with a 200-g weight in orthogonal directions.

directions. The red points are the average arrival points for each
direction. The deviation bars represent standard deviations of
final arrival point in the x and y axes from the average arrival
points. The standard deviation in the 100-g group ranged from 4
to 15 mm, and that in the 200-g group ranged from 6 to 12 mm.

D. Comparison of Positioning Properties

Fig. 12 shows a comparison of the average track lengths of
the three groups in four directions. It can be observed that, in all
four directions, the robot ran a distance of 20 mm longer when
it was loaded with weight in the same time period. Especially,
in the −y direction, when the robot was loaded with weight,

Fig. 12. Comparison of average track lengths and deviations of the final points
among loads of 0, 100, and 200 g.

Fig. 13. Comparison of velocities in four directions with 0, 100, and 200g.

the distance became more than doubled compared to that of the
nonweight group.

Fig. 13 depicts the differences in average velocities among
the conditions tested. The velocities increased by 2–18 mm/s
when the robot was loaded with weight. A reasonable amount
of weight increases the velocity because the frictional conditions
between each frictional tip and the working surface improve.

We concluded that the difference of the average final points
among those experiments was likely caused by the systematic
errors resulting from the cable tension and the difference of load
distribution among the three friction tips.

Fig. 14 shows a comparison of the repeatabilities among the
three groups. The repeatability is basically 2%–10% higher in
the groups with weight loading. This is because the weight
provides the friction tips of the motors better contact with the
working surface and reduces slips during the movement.
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Fig. 14. Comparison of the repeatabilities in four directions with 0, 100, and
200 g. (The repeatability is determined as a ratio of the standard deviation of the
final points to the average path length.)

VI. CONCLUSION AND FUTURE PROSPECTS

In this study, we constructed a prototype robot using standing-
wave-type USMs. In a load-free experiment, the robot real-
ized omnidirectional movement on a commercially available
whiteboard. It reached a maximum translational speed of 27.3
mm/s. The positioning repeatability was distributed from 8.6%
to 19.5%. Large deviations and low repeatability are considered
mainly to result from the nonuniformity of the number of fric-
tional tips contacting the floor simultaneously, the tension of the
cables, and the nonuniformity of the frictional condition of the
working surface. Those factors especially affect fluctuation of
the attitude angle θ.

In comparison experiments, we found that, by loading a
reasonable weight of 100-g on the robot, the speed could be
increased from 13.6 to 31.5 mm/s. We also confirmed that the
repeatability is distributed from 4.1% to 9.1% with the 200-g
weight. This means that the proposed robot can feasibly be
used for efficient manipulations and positions with 200-g of
manipulators.

In future work, we plan to increase the number of friction
tips to improve the repeatability, as explained in Section S6
in the Supporting Information. We also plan to realize motion
compensation and feedback control, which will improve the
precision and repeatability of the robot and is necessary for
applications requiring automatic control. We also plan to intro-
duce cableless technology. This will improve compactness and
repeatability of the robot because it removes the effect of cable
tension. Furthermore, we plan to conduct experiments to check
the effect of decreasing the surface roughness and the flatness
error on repeatability because these are also considered to be
responsible for the deviation. Finally, we plan to measure the
positioning properties on the submicrometer scale with an XYθ

position sensor organized by four encoders [17]. We will also
develop a servo control method with submicrometer resolution
to test the robot’s ability for precise operations.

Feasible applications of the proposed robot include assembly
of chip parts; biomedical applications; and wide area flexible po-
sitioning of lightweight tools, sensors, and manipulators where
versatility and cable-free operation are required.

REFERENCES

[1] W. Hagiwara, T. Ito, K. Tanaka, R. Tokui, and O. Fuchiwaki, “Capillary
force gripper for complex-shaped micro-objects with fast droplet forming
by on-off control of a piston slider,” IEEE Rob. Autom. Lett., vol. 4, no. 4,
pp. 3695–3702, Jul. 2019.

[2] T. Chen, L. Sun, L. Chen, W. Rong, and X. Li, “A hybrid-type electrostati-
cally driven microgripper with an integrated vacuum tool,” Sens. Actuators,
A, vol. 158, pp. 320–327, Mar. 2010.

[3] H. Xie and S. Régnier, “Development of a flexible robotic system for
multiscale applications of micro/nanoscale manipulation and assembly,”
IEEE/ASME Trans. Mechatron., vol. 16, no. 2, pp. 266–276, Apr. 2011.

[4] F. Tajti, G. Szyayer, B. Kovacs, and P. Korondi, “Robot base with holo-
nomic drive,” Proc. IFAC, vol. 47, No. 3, pp. 5715–5720, Aug. 2014.

[5] N. A. Saadabad, H. Moradi, and G. Vossoughi, “Dynamic modeling, opti-
mized design, and fabrication of a 2DOF piezo-actuated stick-slip mobile
microrobot,” Mech. Mach. Theory, vol. 133, pp. 514–530, Mar. 2019.

[6] S. M. Martel, C. O. Lorenzo, B. C. F. Juan, R. Stefen, K. Torsen, and S.
Jeremy, “General description of the wireless miniature NanoWalker robot
designed for atomic-scale operations,” Proc. SPIE, vol. 4568, pp. 231–240,
Oct. 2001.

[7] X. Huang, K. Kumar, M. K. Jawed, A. M. Nasab, Z. Y. W. Shan, and
C. Majidi, “Chasing biomimetic locomotion speeds: Creating untethered
soft robots with shape memory alloy actuators,” Sci. Rob. vol. 3, no. 25,
Dec. 2018, Art. no. eaau7557.

[8] X. Ji. X. Liu et al., “An autonomous untethered fast soft robotic insect
driven by low-voltage dielectric elastomer actuators,” Sci. Rob. vol. 4, no.
37, Dec. 2019, Art. no. eaaz6451.

[9] S. Fatikow, Automated Nanohandling by Microrobots. New York, NY,
USA: Springer, 2008.

[10] W. Driesen, T. Varidel, S. Regnier, and J.-M. Breguet, “Micro manipulation
by adhesion with two collaborating mobile micro robots,” J. Micromech.
Microeng., vol. 15, S259–S267, Sep. 2005.

[11] O. Fuchiwaki, Y. Tanaka, and T. Hyakutake, “Multi-axial non-contact
in situ micromanipulation by steady streaming around two oscillating
cylinders on holonomic miniature robots,” Microfluid. Nanofluid., vol. 22,
no. 80, Jul. 2018. doi: 10.1007/s10404-018-2098-5.

[12] O. Fuchiwaki, A. Ito, D. Misaki, and H. Aoyama, “Multi-axial microma-
nipulation organized by versatile micro robots and micro tweezers,” in
Proc. Int. Conf. Robot. Autom., Jun. 2008, pp. 893–898.

[13] O. Fuchiwaki, “Insect-sized holonomic robots for precise, omnidirec-
tional, and flexible microscopic processing,” Pericion Eng., vol. 37, no.
1, pp. 88–106, Jan. 2013.

[14] O. Fuchiwaki, M. Yatsurugi, and T. Sato, “The basic performance of a
miniature omnidirectional 6-legged inchworm robot from cm- to µm-
scale precise positioning,” Trans. Mater. Res. Soc. Jpn., vol. 39, no. 2,
pp. 211–215, Jan. 2014.

[15] K. Takemura, Y. Ohno, and T. Maeno, “Design of a plate type multi-DOF
ultrasonic motor and its self-oscillation driving circuit,” Trans. Mater. Res.
Soc. Jpn., vol. 9, no. 3, pp. 474–480, Sep. 2004.

[16] Y. Liu, J. Yan, L. Wang, and W. Chen, “A two-DOF ultrasonic motor
using a longitudinal–bending hybrid sandwich transducer,” IEEE Trans.
Ind. Electron., vol. 66, no. 4, pp. 3041–3050, Apr. 2019.

[17] O. Fuchiwaki, M. Yatsurugi, and A. Ogawa, “Design of an integrated 3DoF
inner position sensor and 2DoF feedforward control for a 3DoF precision
inchworm mechanism, in Proc. Int. Conf. Robot. Autom., May 2013,
pp. 5475–5481.

https://dx.doi.org/10.1007/s10404-018-2098-5


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /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 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Algerian
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BaskOldFace
    /Batang
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CooperBlack
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FootlightMTLight
    /FreestyleScript-Regular
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /InformalRoman-Regular
    /Jokerman-Regular
    /JuiceITC-Regular
    /KristenITC-Regular
    /KuenstlerScript-Black
    /KuenstlerScript-Medium
    /KuenstlerScript-TwoBold
    /KunstlerScript
    /LatinWide
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSansUnicode
    /Magneto-Bold
    /MaturaMTScriptCapitals
    /MediciScriptLTStd
    /MicrosoftSansSerif
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MS-Mincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NuptialScript
    /OldEnglishTextMT
    /Onyx
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Parchment-Regular
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /Ravie
    /ShowcardGothic-Reg
    /SimSun
    /SnapITC-Regular
    /Stencil
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanMTStd
    /TimesNewRomanMTStd-Bold
    /TimesNewRomanMTStd-BoldCond
    /TimesNewRomanMTStd-BoldIt
    /TimesNewRomanMTStd-Cond
    /TimesNewRomanMTStd-CondIt
    /TimesNewRomanMTStd-Italic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZapfChanceryStd-Demi
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 900
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00111
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 1200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00083
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00063
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /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 (Use these settings to create PDFs that match the "Suggested"  settings for PDF Specification 4.0)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


