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Abstract

This paper describes the characteristics of haptic sensation that is evoked at the finger skin by a shearing stimulus
presented using rotational contactors. First, the relation among the contact area, the contact force and the diam-
eter of contactors was investigated. The tactile sensation scaling of the tangential force was performed regarding
the speed, the direction of rotation and the size of the contactor. In addition, the sensitivity difference was investi-
gated in terms of the sites on a fingertip where the contact-shaft stimulation was added. Moreover, the interference
between two tangential force stimulations provided by a pair of contactors with a 3-mm interval was investigated.

Categories and Subject Descriptors (according to ACM CCS): H.5.1 [Information interfaces and Presentation]: Mul-

timedia Information Systems—Evaluation/methodology

1. Introduction

Recently the haptic feedback in the VR technology has in-
creased its importance for the virtualization of the real space.
A medical trainer and a remote control are those which need
haptic feedback from the 3D work space. The feedback is
also necessary in operating an object in a VR space.

In the physical manipulation of objects, it is well-known
that we use the information of shear force at the fingertip
[JW84]. The shear stimulus distribution at the finger surface
is crucial when the friction forces of textured surfaces are
presented, although it is hard to measure precisely the forces
added to the fingerpad or slip condition of the finger sur-
face since they are fluctuated intricately by body movement.
It is important to produce the distribution of shear stimulus
that occurs in holding an object against the gravity and rub-
bing against the surface of an object in the VR space when
its precisely presented and controlled. By incorporating this
tangential tactile stimulus in addition to the normal force that
deforms skin normally to the surface, it is considered that the
various tactile sensation might be reproduced.

We propose a tactile display that imparts shearing stim-
ulus distribution on the skin of a fingertip using a row of
rotating contactors. In the present paper, we describe a pro-
totype design of the display and a part of basic characteris-
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tics based on a psychophysical experiment performed under
constant rotation of the contactors.

2. Related work

A design of shear force display is presented in [MFKO8]
where a shear force is generated by a contact belt driven
bidirectionally by two motors. The display is able to present
a static shear force as well as variation of force that are ex-
pected to be caused when the user holds and manipulates
a real object in the real 3D space. A tactile display using
rotation of the plural contactors is shown in [BBHO04]. Al-
though psychophysical characteristics of the device are not
presented in the paper, it looks that this device would pro-
duce shearing stimulus at the finger surface. Researchers
[HCO00, WHO06, LPHO7] proposed the device that generated
a stimulus on the contact region of a finger surface by a small
vibrating comb-like actuator moving to tangential direction
to the finger surface. These designs do not discuss chiefly
the distribution or variation of shearing stimulus profile in
the contact area.

The perception of slip is investigated [WBFO7] in the case
of rotational disk contact which is not the same condition as
the present study. They found that the JND for rotational disk
speed was rather large that indicated the perception accuracy
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of sliding contact was not very high. The paper [SCV04]
also discusses the perception of slip and its direction at the
higher rotational speed range than the present paper. The
JNDs were highly dependent on surface texture. A slip dis-
play with a force feedback is presented in [WMVO05] that
used ball rotation. The direction and speed perception was
investigated for the design, and the effect of the slip display
in paper manipulation task is discussed. These studies have
unique structures and original procedures to present the sen-
sation of slip, however they did not achieve presentation of
distributed shear stimuli nor exploration about the created
sensation by the displays. In the present study, we propose
the display design in which the distribution of shear stimulus
is presented.

3. Tangential force distribution display

Figure 1 shows the whole view of the prototype display. The
display presents at the fingertip the tangential force distri-
bution that occurs when rubbing against an object, by in-
dependently controlled six rotating contactors. The device
presents forces that are virtually equivalent to those the fin-
ger receives when it is moved on an object. In the real space,
a larger force would be applied at the point on the skin near
the base phalanx than the fingertip when the finger is moved
to the user’s body. The distribution of the forces is created
by the different rotational velocities among the rollers. In
addition, it is expected that a couple of rotating contactors
with different rotational directions and velocities are able to
create particular sensation as if the finger surface received a
force normal to the surface. Although we have not explored
the fact in detail by an experiment if the device creates the
sensation of normal force, some users reported that finger
surface was clearly pulled downward between shafts when
the contactors were rotated at a specific condition.

The device consists of six DC motors (Maxon Motor, EC6
1.2W with a 57:1 reduction gear) arranged with 3-mm inter-
spacing. The contactors are made of brass with diameter 1
mm, 1.2 mm, and 2 mm. In addition, a contactor with hexag-
onal cross section of 2-mm diameter can be attached to the
motor. A rotational encoder is implemented in each motor
that provides the rotational speed to the counter board of a
control PC. The encoder outputs 5,700 pulses a rotation of
the roller. The control signal from the PC’s DA board is input
to the amplifier to control the rotational velocity at the rate
of 1000 Hz. The specifications of the motor and the control
are shown in Table 1.

4. Basic characteristics of tangential force sensation

We assumed that the sensation of shearing contact is related
to three factors, (1) contact area, (2) normal contact force,
and (3) rotational velocity of the contactor. In the limited
measurement below, we discuss these factors to develop ap-
propriate tactile stimulation.

Distance from 1t == Contactors £== DC motor .

~ to 6" contactors : _ |
15 mm

Figure 1: Prototype display consisting of six rotation-shaft
contactors.

Table 1: Motor control specification

Gontrol mode Implemented Yoltage Velocity
control/motor input servo
Peak velocity [rpm] 550 ~633 ~600
Control mode closed loop open Ip closed Ip
— —
?flsseognfz)ﬂ]o 0% 0108 s 0111s  0317s
Peak torque [mMNm] 0.241 (motor) «— —
Reduction ratio 57:1 (gear) <« —

4.1. Contact condition between finger and contactors
4.1.1. Procedure of measurement

We measured the relationship between the contact area and
the contact force of the finger to the contactor. The con-
tact area is measured by counting the amount of ink trans-
ferred to the contactor from the finger surface. The normal
force was measured by a weigh scale. The location of mea-
surement was the tip of an index finger, more specifically
the point a forth of the length of the first phalanx from the
very tip of the finger. Seven subjects, male students of mean
age 23.3 from the university, participated in the experiment.
They all reported to have normal tactile sensation.

4.1.2. Result

Figure 2 and Table 2 show the result. The shape of curves
of the two thinner contactors (1-mm and 1.2-mm dia.) is al-
most the same and saturating as the contact force increases.
The contact area is about 13 mm? when the contact force is
about 20 g that is around the real magnitude at which it is
usually used. With the 2-mm dia. contactor, the contact area
is about 22 mm?, which is about 1.7 times as large as that
of the 1-mm dia. contactor. The contact area increased as the
load (normal force) increase at the same rate between two
directions of parallel and vertical to the axis of the finger
bone. The contact area increased fast at a small normal load
from 5 g to about 20 g for three diameters. In this range of
the normal force loadings, the finger surface might be easily
deformed elastically.
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Although the contact area increased as the normal force
increased, the contact stresses are almost the same with 10
g loading and 20 g loading with 2.0-mm diameter contactor.
The contact stress with 2.0-mm dia. contactor is about twice
as large as two thinner contactors. Therefore, with 20 g nor-
mal force loading, the finger surface deformed easily and the
contact area increased to the sufficient amount. From this ob-
servation we adopted to use 20 g as a standard normal force
loading.

35 @2
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Normal contact force [gram]

Figure 2: Contact area as a function of normal contact
force.

Table 2: Normal contact force, area, and stress.

Diameter | Normal force | Contact area| Stress
[mm] [g] [mm?] [&/mm?]
1.0 20 12.65 1.583
d1.2 20 12.63 1.581
20 10 11.41 0.876
2.0 20 22.23 0.900

4.2. Sensation scaling

We carried out a fundamental experiment to construct a scale
of the sensation intensity of shear stimulus that can be pre-
sented with a rotating contactor.

Figure 3 shows the experimental setting in operation of
psychophysical measurement. We measured the differential
limen between 100 and 550-rpm rotation velocities where
stable rotation is obtained. The tangential speed of this inter-
val is 10.47 to 57.7 mm/s in the case of 2-mm dia. contactor.
We named the rotational direction that rotates the contactor
from near to far the normal (forward) direction, and the op-
posite rotational direction the reverse (backward) direction.
The stimulating location was the same as the previous mea-
surement of the contact area. We provided the weight scale
reading of the normal contact force to the subjects so that the
subject could regulate it by himself throughout the measure-
ment session.

We adopted the method of adjustment from 100 rpm in
an ascendant series. A single trial for each condition was
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Variable stimulus

Figure 3: Tangential force display in operation of psy-
chophysical measurement

performed in the experiment. All the information except for
haptic channel was eliminated by providing the band-limited
noise via the headphones and the sheet to prevent direct vi-
sual observation of the motors. The subjects were the same
seven male students as previous measurement who had the
normal finger skin sensation and they had not used this type
tactile display that created shearing tactile stimulus.

4.2.1. Measurement procedure of the differential limen
of angular velocity

The subject touched two contactors alternately that pre-
sented different shear stimuli, then discriminated the differ-
ence of them. The near contactor defined the standard stim-
ulus and the other far contactor presented a variable stimu-
lus. The subject increased(decreased) the variable stimulus
by 1 rpm or +10 rpm by himself using designated keys on
a keyboard. When the subject felt the minimum difference
perceivable between the standard and the variable stimulus,
the subject pushed the record key to store the rotation veloc-
ity. Then the stored velocity was set to the standard stimulus
contactor.

This procedure was repeated to make a series of minimum
differences as a psychophysical scale. The diameters of cir-
cular profile contactors used in the measurement were 1.0,
1.2, and 2-mm. A 2-mm hexagonal contactor was also used
for presentation. The normal force to put the finger on the
contactor was set to 20 g which was adopted in the previous
section as it seemed appropriate to feel the tangential force.
As for the 2-mm dia. contactor, the 10 g normal force load-
ing was also used since the contact area is almost the same
as that of 1-mm dia. contactor with 20 g loading. The rela-
tion of the normal force, the contact area and the stress of
the experiment was shown in Table 2.

4.2.2. Result and discussion

Figure 4 shows the typical sensation scale of the intensity
of tangential force that was measured in the experiment. It
indicates the series of differential limen of seven subjects
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Figure 4: Sensation scale of the shaft contactor 1.0-mm di-
ameter with normal rotation
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Figure 5: Sensation intensity as a function of tangential ve-
locity

in the case of the contactor 1.0-mm diameter with normal
rotation direction.

Figure 5 shows the logarithmic approximation lines of
sensation intensity for each stimulus condition as a function
of rotation speed. The sensitivity of 2-mm dia. at 20 g load-
ing was the largest among the conditions. The sensitivity of
other conditions (2-mm dia. at 10 g, 2-mm dia. with hexag-
onal profile, 1.2-mm dia. and 1.0 mm dia.) were all about a
half of 2-mm dia. at 20 g. Since the normal stress is almost
the same between 10 g and 20 g loading with 2.0 mm dia.
contactors and the contact area is doubled, it looks that the
contact area might be closely related to the sensitivity. The
area increase implies that the number of receptors involved
might affected the result.

The number of sensation intensity levels of 2-mm dia.
with hexagonal profile was lower than the same diameter
contactor of circular profile. This indicates that the hexago-
nal contactor was inappropriate since the stimulation was too
strong. Some subjects reported that the change in the rotation
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Number of sensation intensity levels
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Figure 6: Sensation intensity levels discriminated.

velocity of the hexagonal contactor was considerably hard to
perceive since the vibration stimulus caused by the six edges
masked the tangential force. The other subject reported that
the changes in rotation was not easily perceived due to the
numbness from the vibration generated by hexagonal edges
at about 50 Hz that corresponds to the characteristic band of
the Meissner corpuscle.

Figure 6 shows the number of rotation speeds that can be
discriminated between 100 and 550 rpm. In other words, it
shows the maximum sensation intensity level for each condi-
tion. The error bar indicates 1.96 SEM. The 2-mm dia. con-
tactor produced the largest number of levels. Six levels for
the normal-direction rotation, 4.7 levels for the reverse rota-
tion and 5.4 levels in the mean were observed at the condi-
tion. The number of levels was higher for the normal rotation
than the reverse rotation. In the two thirds of whole trials, the
number of levels was larger in the case of the normal rota-
tion.

The suggested design alternative from the limited experi-
mental result discussed here is that the 2-mm dia. contactor
with circular profile will produce better performance than
the others including a hexagonal contactor with excessive
vibration stimulus. Then we obtained a display of a tangen-
tial force with 5.4 levels on average, of intensity change of
the force in addition to a directional control (normal and re-
verse) of rotational velocity. Moreover, it is considered that
it is possible to present shear stimulus over the both direc-
tions by equating the intensity. Slightly reducing the rotation
velocity for the normal rotation as compared to the reverse
direction is possible based on the difference observed in Fig-
ure 6.

5. Sensitivity distribution and interference effect
5.1. Device

We used the stimulation device shown in Figure 7 to investi-
gate the dependence of tangential force perception upon the
stimulation site of the fingertip more closely than the proto-
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Shaft contactor

Figure 7: Tangential force stimulator device 2

type display. Two shaft contactors were used in the device.
They were arranged with 3, 6, 9, 12, and 15 mm inter-shaft
distance. The range of rotational speed was 100 to 1500 rpm.

5.2. Sensation intensity dependency on simulation sites

We performed sensation scaling of the tangential force at six
stimulation sites on the finger surface.

5.2.1. Experimental procedure

The first stimulation site is about a forth of the length of
the first phalanx from the very tip of an index finger. The
second-to-sixth stimulation sites were placed with a 3-mm
interspacing toward the first joint as shown in Figure 8. The
subject put their index finger on the contactor with 20 g load-
ing. Then we measured the differential limen between 100
and 1500 rpm of contactor rotation velocity which the stable
rotation was obtained. We provided the weigh scale read-
ing of the normal contact force to the subjects so that the
subject could regulate it by himself throughout the measure-
ment session. We adopted the method of adjustment from
100 rpm in an ascendant series. The subject increased the
variable stimulus by +10 rpm, +50 or £100 rpm by him-
self. When the subject felt the minimum difference of the
force, between the standard and the variable stimulus, he

Figure 8: Stimulation sites

(© The Eurographics Association 2009.

pushed the record key to store the rotation velocity. A single
trial for each condition was performed in the experiment. To
avoid the vibration of the device by abrupt changes of rota-
tion velocities, rotation velocities were changed along with
sine wave with 2 seconds. The subjects were 5 male students
who had the normal skin sensation.

5.2.2. Result and discussion

Figure 9 shows the relation between the rotation velocity and
the sensation intensity of the second stimulation site as a
typical result. Figure 10 shows the logarithmic approxima-
tion lines of each stimulation site. The sensation intensity
for tangential force depended on the measurement site. The
first stimulation site at the most distal point in the six sites
tested on the fingerpad, showed the highest sensitivity. The
sensitivity decreased as the site of measurement approached
the middle phalanx and that of fourth-to-sixth stimulation
site was almost the same. The weber ratio is shown in Fig-
ure 11. In the case of normal rotation, the weber ratio of
the fifth stimulation site, which has the lowest sensitivity, is
about twice as large as that of the first stimulation site.

Figure 12 shows the number of sensation intensity levels
discriminated in the range of 100-to-1500 rpm of rotation
velocity. The error bar indicates the 95 % confidential inter-
val. The number of levels at the first stimulation site was 7.2
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Figure 9: A typical result of rotational-threshold series.
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Figure 10: Sensation intensity curve for six sites.
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Figure 11: Weber ratios at six stimulation sites.
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Figure 12: Maximum sensation intensity.

in the mean. At the range from the middle part of fingerpad
to the middle phalanx, about five to six levels of tangential
force was discriminated. The number of levels was higher
for the normal rotation than the reverse rotation, which was
statistically significant at 5% level.

5.3. Interference effect between two stimuli

We investigated the interference between two shear stimuli
provided by a pair of shaft contactors with a 3-mm interspac-

ing.
5.3.1. Experimental procedure

We performed sensation scaling of tangential force under the
existence of another tangential force using two contactors.
The two contactors were put in 3-mm interspacing. The ro-
tational direction of two contactors were the same (normal-
normal and reverse-reverse). The contactor on the second
site rotated at a constant velocity. We measured the differ-
ential limen for the tangential force at the first site. The con-
stant stimulus at the second site was 1-to-7 levels of the force
which had been observed in the previous experiment. The
subject put an index finger on the two contactors with 40 g
loading. The other procedures of measurement including the
subjects were the same as the previous experiment.

5.3.2. Result and discussion

Figure 13 shows the logarithmic approximation lines of sen-
sation intensity at the first site. Table 3 shows the contri-
bution ratios. The maximum sensation intensity levels are
shown in Figure 14.

The number of sensation intensity levels that can be dis-
criminated in the range of 100-to-1500 rpm of rotation ve-
locity at the first site decreased as the stimulus intensity at
the second site increased. The maximum sensation intensity
level with normal rotation direction decreased from eight to
six by adding the level one stimulus force at the second site.
The maximum sensation intensity levels also decreased al-
most linearly with the increase of stimulus intensity at the
second site from the level one to four.

It is expected that two tangential forces presented to the
finger deformed the skin surface at the first site. It is con-
sidered that the tangential force generated by the second
site contactor added to the tangential force generated by the
first site contactor because the deformation volume was large
since the middle part of finger surface easily deformed in the
normal rotation direction. On the other hand, the fingerpad
might be hard to be deformed in the reverse rotation direc-
tion because the very restrictive part of fingerpad pulled by
the contactor.
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Figure 13: Sensation intensity under additional shear stim-
ulus at adjacent contactor.
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Figure 14: Maximum sensation intensity vs. adjacent shear
stimulus level.
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Table 3: Approximation contribution ratio

Shear force level | Normal direction | Reverse direction Average

1 0.589 0.767 0.558
0.631 0.685 0.591
0.693 0.779 0.688
0.762 0.789 0.772
0.815 0.802 0.802
0.785 0.784 0.783
0.797 0.876 0.805

o o s wN

6. Conclusion

In this paper, we developed the prototype of the haptic dis-
play which produced the tangential force distribution to the
fingerpad by rotating contactors and investigated its basic
characteristics experimentally. In the range of 100-to-550
rpm of rotation velocity of contactor, tangential force was
discriminated easily by using 2-mm dia. with 20 g loading
compare to the other contactors(1.0-mm dia. 1.2-mm dia.).
Using the contactors, six levels of sensation intensity for
tangential force was presented. The sensation intensity in-
creased as logarithmic function to the rotation velocity in-
crease. The hexagonal shaft contactor was not appropriate
for presenting shearing stimulus since the vibration caused
by its edges masked the stimulus and the levels of sensa-
tion intensity that can be discriminated by the subjects were
lower than other cylindrical contactors.

The sensation intensity depended on the measurement site
on the fingaerpad. The highest number of levels was ob-
served at the most distal site among six sites tested on the
fingerpad. The device produced about six to eight levels of
the tangential force at the first site. The sensitivity decreased
as the site of measurement moved to the middle phalanx.
The number of levels was higher for the normal rotation di-
rection than the reverse rotation direction. It is considered
that the sensitivity difference depended on the asymmetry of
the deformation volume of the fingerpad.

The interference by the second site, which had a 3-mm
interspacing to the first site contactor, decreased the sensa-
tion intensity level at the first site almost linearly as the tan-
gential force of the second site increased. The interference
effect was more definite in the normal direction than the re-
verse direction. The maximum sensation intensity level de-
creased from seven to five by the interference of the second
site. These data provided the basic design parameters of the
haptic display for shearing stimulus presentation.

The future work includes the investigation of the sensa-
tion scaling under broader conditions specifically with mul-
tiple active contactors. Also we have to explore if the device
creates a tactile sensation in the direction normal to the fin-
ger surface. Application of these results to the presentation
of real objects is the final objective of the research.

References

(© The Eurographics Association 2009.

[BBHO04] Benali-Khoudja, M., Beny, A.-L., Hafez, M. and
Kheddar, A. VT vector-touch: a new slip/stretch tactile
display. Proc. IEEE/RSJ International Conference on In-
telligent Robots and Systems (IROS 2004), \ol. 4, pp.
3583-3588, (2004).

[HCO00] Hayward, V., Cruz-Hernandez, M., Tactile display de-
vice using distributed lateral skin STretch. Proc. Sympo-
sium on Haptic Interfaces for Virtual Environments and
Teleoperator System (IMECE2000), Orlando, Florida,
USA. Proc. ASME \ol. DSC-69-2, pp. 1309-1314,
(2000).

[JW84] R. S. Johansson, G. Westling : Roles of glabrous skin
receptors and sensorimotor memory in automatic control
of precision grip when lifting rougher or more slippery
objects, Experimental Brain Research, Vol. 56, pp. 550-
564, (1984).

[LPHO7] Levesque, V., Pasquero, J., Hayward, V., Braille Dis-
play by Lateral Skin Deformation with the STReSS2 Tac-
tile Transducer, pp. 115-120, World Haptic Conference
2007, (2007).

[MFKO08] Minamizawa, K., Fukamachi, S., Kajimoto, H.,
Kawakami, N., Tachi, S., Wearable haptic display to
present mass and internal dynamics of virtual objects,
TVRSJ, Vol. 13, No. 1, (2008).

[MI07] Makino, R., Ikei, Y., Development of shearing force
tactile display consisting of shaft contactors, Proc. the
13th VRSJAC CDROM, pp. 624-625, (2007).

[SCV04] Salada, M., Colgate, J.E., Vishton, P., Frankel, E.,
Two experiments on the perception of slip at the finger-
tip, HAPTICS’04, pp. 146-153, (2004).

[WBF07] William R. Provancher , Brandt D. Erickson , Fed-
erico Barbagli, Hong Z. Tan : Tactile Perception of Ro-
tational Sliding, Second Joint EuroHaptics Conference
and Symposium on Haptic Interfaces for Virtual Environ-
ment and Teleoperator Systems (WHC’07), pp. 127-132,
(2007).

[WHO06] Wang, Q., Hayward, V,. Compact, portable,
modular,high-performance, distributed tactile transducer
device based on lateral skin deformation, HAPTICS’06,
pp. 67-72, (2006).

[WMVO05] R. J. Webster, T. E. Murphy, L. N. Verner, A. M.
Okamura: A Novel Two-Dimensional Tactile Slip Display
: Design, Kinematics and Perceptual Experiments, ACM
Trans. on Applied Perception, 2(2), pp. 150-165, (2005).




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (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 <>
    /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.)
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
  >>
  /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


