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Abstract—We have proposed a haptic direction indicator that
will help visually impaired pedestrians to travel a path and
avoid hazards areas intuitively and safely by means of force-
based navigation. The haptic direction indicator uses the pseudo-
attraction force technique, which generates a pulling or pushing
force in portable or mobile devices by exploiting the nonlinear
relationship between perceived acceleration and physical acceler-
ation. We have investigated the angular resolution of the pseudo-
attraction force for the visually impaired in a static posture to
design a practical haptic direction indicator. This paper describes
a prototype of a crosshair haptic direction indicator based on our
previous findings. An experiment was performed to clarify the
perceptual characteristics when a visually impaired pedestrian
is navigated by perceiving force sensation. The results show
that most of the visually impaired participants could walk in
a predetermined cardinal direction with the haptic direction
indicator. Finally, we discuss the drawbacks of our system and
design improvements.

Index Terms—Haptics, Perception, Visually impaired, Assistive
technologies

I. INTRODUCTION

The two main factors related to wayfinding are orientation
and mobility [1]. Physical mobility and the ability to recognize
both the current and target locations and the required direction
are essential. Location and direction recognition is achieved
by interacting with the environment by means of various sen-
sory clues. However, these abilities are sometimes disrupted.
Many people with visual impairment have reported that they
become disoriented if they fall and cannot find anyone to help
them. Therefore, support devices that can provide orientation
information are very useful in assisting autonomic walking.

Recent years has seen the growth of pedestrian navigation
systems in mobile devices. These systems have deployed
different sensory channels. However, visually impaired pedes-
trians cannot use visually based navigation. Therefore, many
auditory feedback handheld devices for the visually impaired,
such as Talking Signs [2] or similar acoustic information
output devices [3], have been developed. Nevertheless, audio
interfaces can be problematic when they conflict with other
sounds or speech around the users, leading to difficulties in
distinguishing and interpreting the sounds generated by the
system [4]. Wearing headphones also prevents visually im-
paired pedestrians from hearing other ambient sounds that may
be important for their safety during navigation. In addition,

auditory information cannot be used in noisy situations, such
as during a blast from a siren or on crowded streets.

Interaction based on touch may help overcome these issues,
not only with regards to navigation for the visually impaired
but also in challenging environments, such as a smoke-filled
building or a crowded, noisy space. It has been reported
that tactile interaction effectively assists visually impaired
pedestrians in street crossing tasks [5]. In addition, navigation
aids using several wearable vibrators in the form of a cap
[6], rings [7], a vest [8], and a belt [9] have been proposed.
However, this approach requires that users learn how to convert
stimuli to information, which means that it is not intuitive
and requires training since there are limitations in conveying
semantically rich information via the tactile channel.

A kinesthetic approach has the potential to be more intu-
itive and expressive than cutaneous stimulation in conveying
direction information since haptic devices can indicate a one-
dimension direction directly. The intuitive comprehension of
orientation information through haptic modality is thought to
be important in the situations outlined above.

We have proposed a mobile haptic direction indicator for
visually impaired pedestrians [10] based on a pseudo-attraction
force method [11]. This paper describes a development of a
crosshair haptic direction indicator that generating asymmetric
oscillations in the eight cardinal directions, on the basis of
the requirements suggested in our previous research [12], and
presents an evaluation of the crosshair haptic direction indi-
cator. The results clarify its feasibility for navigating visually
impaired people in the eight cardinal directions.

II. APPPROACH

A. Pseudo-Attraction Force Technique

The pseudo-attraction force technique exploits the charac-
teristics of human perception to generate a force sensation in
mobile devices. In the technique, different acceleration patterns
are produced in two directions to create a perceived force
imbalance and thereby produce the sensation of directional
pushing or pulling. Concretely, a strong acceleration is gen-
erated for a very brief time in one direction, while a weaker
acceleration is generated over a longer period of time in the
reverse direction. The weaker acceleration is not detected by
the internal human haptic sensors, so the original position of
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the mass is ‘washed out’. The result is that the user is tricked
into perceiving a unidirectional force. This force sensation can
be made continuous by repeating the motions (See [13], [14]
for details).

To generate the asymmetric back-and-forth motion of a
small, constrained mass, we have adopted a slider-crank mech-
anism. In the slider-crank mechanism, the side-to-side force
created by the motion of linkages is thought to be an obstacle
preventing the user from sensing the desired direction, so
we tried to cancel it out completely by using two identical
mechanisms operating in mirror symmetry.

B. Design

In our previous research [12], we used one module with
a turntable. The direction of the force display module was
controlled with a stepper motor engaged by a belt with a belt
pulley installed in the turntable. However, the rotation takes
considerable time, thus losing immediacy.

A two-dimensional force can be generated not only by rotat-
ing one force display module but also through the summation
of linearly independent force vectors. Therefore, the angular
resolutions of pseudo-attraction force for the visually impaired
were examined in order to fabricate a haptic direction indicator
based on the summation of force vectors. The results show
that the angular resolution under an eight-direction (compass)
conditions was better than that under a twelve-direction (clock
position) condition [12]. That indicated that the simple eight
cardinal directions are enough for a human in a static posture
to perceive a force vector on a two-dimensional plane.

When users move or rotate their bodies, i.e., dynamically
explores the force vector, their angular resolution would be
higher than that in a static posture. Therefore, we began
by designing a haptic direction indicator that can generate
force vectors in the eight cardinal directions and fabricated
a crosshair haptic direction indicator as shown in Fig. 1. Four
slider-crank mechanism pairs were embedded in the force
display in the shape of a crosshair. By combining force vectors
generated by each slider-crank mechanism, the force display
can create a virtual force in eight cardinal directions on a two-
dimensional plane.

III. EXPERIMENT

The purpose of the following experiment was to examine
whether the haptic direction indicator based on the summation
of force vectors could navigate visually impaired people in
predetermined direction. We used the haptic direction indicator
introduced above and tested an eight-cardinal-directional nav-
igation in the gymnasium of the Kyoto Prefectural School for
the Visually Impaired, Japan. The force vector was calculated
and updated according to the holder’s yaw angle to compensate
the rough angular resolution of the force vector of the haptic
direction indicator.

A. Method

1) Participants: Twenty-three subjects whose ages ranged
from 17 to 62 (twenty males and three females) with no history

300 mm

modules
modules

(a)

(b)

Fig. 1. Developed haptic direction indicator. One unit accommodates four
modules (a). Each module has a mechanism for generating an asymmetric
acceleration with the swinging slider-crank mechanism. Photograph of the
haptic direction indicator (b).

of neurological, cognitive, or sensory-motor deficits, other than
blindness in the case of the blind participants, participated
in the experiment. Participants experienced all conditions in
random order. The research protocol was approved by the local
ethics committees and all participants agreed to the experiment
procedure. All participants gave their informed consent to
participate in this study before the start of the experiment.

2) Apparatus: The system consisted of a haptic direction
indicator held by the participant (approximately 750 g), a small
bag containing a battery and control device, and a subject’s
position and orientation identification system based on an
image processing system. A small coreless DC motor (1724
006 SR; FAULHABER) was used to rotate the crank in each
module. A pinion gear on the motor engages with two crown
gears in each module (reduction ratio: 10). The crown gears
also work as two cranks that rotate in opposite directions. The
rotational speed of the motor is controlled by the electronic
governor system of the motor amplifier. Since each device had
a tandem double-layer configuration, the side-to-side forces
generated by the motion of linkages were well suppressed [13].
The reciprocating weight in the module had a mass of 40 g.
The haptic directional indicator was covered with a plastic
case. The case was 300-mm diameter and 27-mm height.
The motors were powered by a 12-V with a battery (ENAX)
and controlled by an additional custom-built controller switch.
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Fig. 3. One of the force vectors in the eight cardinal directions was selected
according to the angular difference (Δφ ) between the subject and the target.

Figure 2 shows the system configuration of the experimental
apparatus. The visually impaired subject moved by following
the direction of the perceived force sensation. The direction of
the force vector was controlled so that it faced the end point
of the target direction as shown in Fig. 3. Control instructions
were sent from the computer to the microcomputer via a
ZigBee link (XBee-PRO ZigBee module, 60 mW; MaxStream)
when required.

The subject’s position and posture were detected by placing
three super-high-luminance infrared LEDs (OD-100, OPTO
Diode Corp., peak wavelength 880 nm) at the corners of a
right-angled isosceles triangle (side length = 100 mm) on the
haptic directional indicator. The infrared rays were captured
by an IEEE1394 black and white CMOS camera (Firefly MV,
FFMV-03MTM; Point Grey Research Inc.) with a wide-angle
lens (field angle 175 degrees), which was hung by rope from
the upper floor (about 3 m from ground). Since the beam angle
of the LEDs was very wide (about 120 degrees), the camera
could capture all LEDs unless the participant occluded the
infrared rays. The positions and orientations of each LED were
obtained by binarizing the brightness value from the acquired
camera image with the OpenCV Library and calculating the
position and orientation from the relationship with a right-
angled isosceles triangle formed by three dots (Fig. 4).

3) Stimuli: The force vector of asymmetric oscillation (F)
is given by

F(t) =
4

∑
j=1

m j
d2x j(t)

dt2 u( j)e j (1)

Fig. 4. Vision-based position and posture identification system. The three
white dots in the picture are the infrared LEDs captured by a camera facing
the ground from a height of about 3 m. Other white blobs are light reflection
from floor, which did not affect the identification system.
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Fig. 5. Overview of the slider crank mechanism of one module [13] in
the haptic direction indicator. In the haptic direction indicator, each module
represents one of the four cardinal directions, with each directional signal
being generated using one motor.

where m j is the weight in module No. j, and ẍ j is the
acceleration generated by module No. j. The u( j) works as a
switch of output module No.j. If u( j)=0, there is no output
from module No. j. The e j is the unit vector on the two-
dimensional plane, where e j · e j+1=0, |e j|=1, e j · e j+2 = −1.
The acceleration ẍ j is given by the second derivative with
respect to time of the motion of the weight x j. The equation
for the motion of the weight in module No. j is

x j(t) = l1 cos(ω jt +θ0 j)+ μ j(d − l1 cos(ω jt +θ0 j))

+
√

l3
2 −{l1(μ j −1)sin(ω jt +θ0 j)}2 (2)

where

μ j =
l2√

l1
2 +d2 −2l1d cos(ω jt +θ0 j)

, (3)

and x j(t) = OD, d = OA, l1 = OB, l2 = BC, l3 = CD, and ω jt
= AOB in Fig. 5. The ω j is the constant angular velocity, and
t is time. In the device, d = 28 mm, l1 = 15 mm, l2 = 60 mm,
and l3 = 70 mm. θ0 j is the initial angle of the crank in module
No. j.

4) Procedure: A subject held the haptic directional indi-
cator with both hands and stood at a marked point while
being guided by an experimenter. After perceiving a haptic
stimulus generated by the haptic directional indicator, the
subject walked according to the perceived force direction.
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Fig. 6. Overview of the experiment. Subjects held the haptic direction
indicator with both hands.

The error between the subject’s and target’s positions was
calculated every 150 ms, and then the direction of the presented
force vector was updated. The walk trajectory was recorded by
the overhead camera and by an experimenter. When the subject
stopped for 2 s around the target area, the system automatically
finished and recorded the direction. When the subject walked
through the camera-captured area, the experimenter recorded
the direction according to the closest reference line on the floor.

The orientation of the force vector was varied between 0
and 360 degrees on the horizontal plane in 45-degree steps.
The stimulation was presented until the subject reached the
target area, went out of camera range, or all LEDs were not
captured. The stimuli were randomly supplied from the eight
directions per each subject. Each subject responded for five
trials.

B. Results

Figure 6 shows the overview of the experiment. In the
experiment, sometimes a part of subject’s body occluded an
overhead camera. In that case, the haptic stimuli were not
provided until all three LEDs were captured. That caused large
variance of the completion time (1 sec to 10 sec). Average
completion time was 2.5 second.

Figure 7 shows the number of accuracy trials. Eleven
visually impaired subjects (47.8 %) could correctly walk along
a predefined direction in all trials. However, two subjects (8.7
%) could not walk along a predefined direction at all; one of
the two walked in the opposite direction in all trials.

We calculated the angular error between the stimulus and
response. The angular error is the angular difference between
the orientation of the stimulus and that from the marked point
to the subject’s final position after walking. Figure 8 shows the
scatter pattern of the responses as a function of the stimuli for
all the subjects. The size of the radius shows the percentage
of the responses from all subjects. The results show that the
predominant responses were on the same line, which means
that the subjects responded to the direction correctly.

After the experiment, we received some comments from
the subjects. Some participants stated that it was difficult to
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Fig. 7. Ratio of successful attempts in the five trials of the experiment with
corresponding number of subjects and percentage of the all subjects. Inner
numbers are the number of successful attempts in the five trials.

-45

0

45

90

135

180

225

270

315

360

-45 0 45 90 135 180 225 270 315 360

Presented direction [deg]

P
er

ce
iv

ed
 a

nd
 w

al
ki

ng
 d

ire
ct

io
n 

[d
eg

]

Fig. 8. Scatter pattern of the responses as a function of the stimuli for the
23 subjects. The 0 deg was defined as the forward direction.

perceive force sensation in the cross directions, i.e., SW, SE,
NW, or NE. Participants also gave bad feedback on the gross
weight and size of the haptic direction indicator. Because some
of them usually use a cane to walk alone, they could not hold
the device with both hands.

IV. DISCUSSION

For the four cardinal directions (i.e., North, East, West,
South), almost all subjects seemed to perceive the force
sensation clearly and walk in the direction. However, in the
cross directions, it seemed to be difficult for them to perceive
force sensation.Figure 9 shows examples of trajectories of
subjects walking in cross directions. There seemed to be two
strategies: Some walked straight, while others walked in a
zigzag, staircase way.

We speculate that the case of zigzag walking was due
to the hardware configuration and subject’s strategy of force
perception. To generate the force vector crossly, two modules
in the haptic indicator were driven simultaneously. However,
they claimed that it was harder to perceive the force vector
generated by two modules than it was to perceive that by
single module. Since the presented force vector was changed
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Fig. 9. Trajectory of some subjects in the experiment. Open circles indicate the position of the subject recorded every 150 ms. The arrows (left) show the
directions of the stimulus.

according to the subject’s position and orientation, they may
have walked back-and-forth (or right-and-left) so as to drive
only one module.

From the comments after the experiment, there is much
room for improving the haptic direction indicator, mainly in
noise, size, and weight. The noise emitted by the gear could
be reduced by using direct drive or friction drive. The gross
weight and size could be reduced by using other mechanical

designs so that the device could be held in one hand. However,
the mass of the reciprocating weight to generate an oscillation
would have to remain in order for a clear force sensation to
be perceived. Reducing the gross weight without reducing the
oscillation amplitude is a very difficult problem. Since our
previous research has provided us with some miniaturization
criteria [11], we will try to use those criteria to reduce the
gross weight of the haptic direction indicator.
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V. CONCLUSION AND FUTURE WORK

We reported an investigation that clarifies the feasibility of a
mobile haptic direction indicator to navigate the eight cardinal
directions for visually impaired people. The results indicate
that they can be navigated to the predetermined direction effec-
tively. Future work includes navigating the visually impaired
pedestrians to more complicated routes, such as those in urban
navigation, and redesigning to make the haptic directional
indicator smaller and lighter so that it can be held with one
hand.

ACKNOWLEDGMENT

We thank Dr. Ichiro Kawabuchi and Prof. Taro Maeda
for developing the basic mechanism of the haptic direction
indicator, and the staff of the Kyoto Prefectural School for
the Visually Impaired for their cooperation. This work was
supported by Nippon Telegraph and Telephone Corporation,
Japan. Part of this work was supported by a sponsorship from
the Fire Defense Agency, Japan.

REFERENCES

[1] R. G. Golledge, “Place recognition and wayfinding: making sense of
space,” Geoforum, vol. 23, no. 2, pp. 199–214, 1992.

[2] W. Crandall, J. Brabyn, B. Bentzen, and L. Myers, “Remote infrared
signage evaluation for transit stations and intersections,” Journal of
Rehabilitation Research and Development, vol. 36, pp. 341–355, 1999.

[3] J. Loomis, J. Marston, R. Golledge, and R. Klatzky, “Personal guidance
system for people with visual impairment: A comparison of spatial dis-
plays for route guidance,” Journal of Visual Impairment and Blindness,
vol. 8, no. 5, pp. 61–64, 2005.

[4] J. Wilson, B. Walker, J. Lindsay, C. Cambias, and F. Dellaert, “Swan:
System for wearable audio navigation,” in Proc. International Confer-
ence on Wearable Computing. IEEE Computer Society, 2007, pp. 91–98.

[5] D. Ross and B. Blasch, “Wearable interfaces for orientation and wayfind-
ing,” in Proc. of ACM Conference on Assistive Technologies. ACM
Press, 2000, pp. 193–200.

[6] A. Cassinelli, C. Reynolds, and M. Ishikawa, “Augmenting spatial
awareness with haptic radar,” in Proc. International Conference on
Wearable Computing. IEEE Computer Society, 2006, pp. 61–64.

[7] T. Amemiya, J. Yamashita, K. Hirota, and M. Hirose, “Virtual leading
blocks for the deaf-blind:a real-time way-finder by verbal-nonverbal
hybrid interface and high-density rfid tag space,” in Proc. Virtual Reality
Conference. Los Alamitos, CA, USA: IEEE Computer Society, 2004,
pp. 165–172.

[8] J. B. F. V. Erp, H. A. H. C. V. Veen, C. Jansen, and T. Dobbins,
“Waypoint navigation with a vibrotactile waist belt,” ACM Transactions
on Applied Perception, vol. 2, no. 2, pp. 106–117, 2005.

[9] H. Z. Tan, R. Gray, J. J. Young, and R. Traylor, “A haptic back display
for attentional and directional cueing,” Haptics-e: The Electronic Journal
of Haptics Research, vol. 3, no. 1, 2003.

[10] T. Amemiya and H. Sugiyama, “Design of a haptic direction indicator
for visually impaired people in emergency situations,” in Proc. of 11th
International Conference on Computers Helping People with Special
Needs. Springer, LNCS, 2008, pp. 1141–1144.

[11] T. Amemiya and T. Maeda, “Directional force sensation by asymmetric
oscillation from a double-layer slider-crank mechanism,” Journal Com-
puting Information Science in Engineering, vol. 9, no. 1, 2009.

[12] T. Amemiya, “Haptic direction indicator for visually impaired people
based on pseudo-attraction force,” eMinds: International Journal on
Human-Computer Interaction, vol. 1, no. 5, pp. 23–34, 2009.

[13] T. Amemiya, H. Ando, and T. Maeda, “Lead-me interface for pulling
sensation in hand-held devices,” ACM Transactions on Applied Percep-
tion, vol. 5, no. 3, pp. 1–17, 2008.

[14] T. Amemiya and T. Maeda, “Asymmetric oscillation distorts the per-
ceived heaviness of handheld objects,” IEEE Transactions on Haptics,
vol. 1, no. 1, pp. 9–18, 2008.

38



<<
  /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 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /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 true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Recommended"  settings for PDF Specification 4.0)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


