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ABSTRACT

Due to the expense of health care and the need to contain costs, many stroke patients are discharged from hospitals while still in an
impaired condition. Using Tele-rehabilitation, these patients can receive rehabilitation services remotely. A pegboard is a
conventional rehabilitation therapeutic device that integrates cognition, sensation and hand motor function. This study proposes a
Tele-rehabilitation content with automated pegboard and shows its functional feasibility. The evaluation of the pegboard session was
automated with RFID (radio frequency identification), and a 16-hole pegboard was rapid-prototyped. After a pegboard session is
completed, the session result is uploaded to a server automatically for viewing on a web browser by a remote therapist. The therapist
can also send messages to remote patients to encourage them or to manage the rehabilitation process.
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1. INTRODUCTION

Due to the expense of health care and the need to contain
costs, many stroke patients are discharged from the hospital
while still in an impaired condition. Even though they require
ongoing rehabilitation therapy, their physical disability hinders
them from traveling back to the hospital for frequent therapy
visits. Tele-rehabilitation allows rehabilitation services to be
provided to patients in remote locations [1], allowing the
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patients to benefit from rehabilitation therapy at home.

Most Tele-rehabilitation systems combine a virtual reality
technique with special interface devices, and they have shown
significant clinical effects [2]-[4]. However, the types of
interface devices required for Tele-rehabilitation, such as those
that provide mechanical force feedback, are very expensive. A
mechanical force feedback device has the potential to interfere
with the patient’s movement, thus it needs frequent calibration.
A simple and low-cost device that provides a comparable effect
would increase the accessibility of Tele-rehabilitation to more
patients.

Studies have been performed on the automation of the
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rehabilitation process [5],[6]. The goal of these studies is for
patients to direct their own rehabilitation, either with or without
reduced participation and expense of a therapist. As opposed to
virtual reality rehabilitation, automated rehabilitation can
provide benefits closer to conventional therapist-guided
rehabilitation, since it utilizes tangible and physical
rehabilitation devices. Sanchez et al. used an exoskeletal robot
with a grip sensor to restore a patient’s upper limb functionality
[6]. Lum et al. automated twelve types of rehabilitation
exercises for constraint-induced movement therapy, in which
the patient’s healthy upper limb is constrained, enabling the
rehabilitation of the disabled upper limb [7]. Lum et al. also
applied their system to Tele-rehabilitation.

A pegboard is a conventional rehabilitation device used to
train and evaluate hand function [8]-[12]. In occupational
therapy, it is used to integrate cognition, sensation and motor
function [13]-[15]. A pegboard consists of a board with holes
and pegs. A session with the pegboard is completed when all of
the pegs are plugged into their corresponding holes. The
individual session times and the accumulated success rate are
important measures. Because the pegboard is a low-cost,
simple and effective rehabilitation device, its application to
Tele-rehabilitation would be greatly beneficial.

This study proposed a Tele-rehabilitation content with
automated pegboard and showed its functional feasibility. The
authors had proposed an automated pegboard [16], with radio
frequency identification (RFID) [17]-[19]. To test the
feasibility of the pegboard as a Tele-rehabilitation content, a
simple Tele-rehabilitation server was implemented. At the end
of a pegboard session, the session time is uploaded to the Tele-
rehabilitation server automatically and the remote therapist
views the result history via a web browser. The therapist is also
able to send messages to remote patients for encouragement
and to manage the rehabilitation process.

2. SYSTEM DESIGN

2.1 Pegboard Automation with RFID

As mentioned in the previous section, the authors had
proposed an automated pegboard. For the reader’s convenience,
the automation method is briefed as follows.

The RFID technique was applied to the pegboard by
inserting a tag inside each peg and placing RFID reader
antennas at the bottom of the holes (Fig. 1). Each tag’s ID
(identification) was registered for the corresponding hole. The
reading distance of the RFID reader was adjusted so that the tag
could be read only when it was inserted into the hole
completely.

reader antenna
Fig. 1. Pegboard automation with RFID. The RFID reader
antennas were placed under the hole, and the tag was inserted
inside the peg.

The RFID reader was configured with multiple antennas.
Because a peg could be inserted in a wrong hole, for example,
their color, shape or size of the peg could not match, the
location of the hole should be also indentified. In this case, a
single reader with multiple reader antenna can save cost and
space, and avoid multi-channel communication issues. Each
reader antenna was selected by analog switch.

Each RFID reader antenna was turned on and read one by
one as shown in Fig. 2. A hole was marked as 'empty' if no ID
was read by the corresponding reader antenna. If any ID was
read, it was verified to be the correct registered ID for that tag.
If so, the hole was marked as 'match’, otherwise it was marked
as 'mismatch'. These steps were repeated for all of the reader

antennas.

| reader ANT selected l
v
| tag ID read and verified |

v
| hole state checked I

I all ANT done

Fig. 2. Flowchart for hole’s state detection by reading antennas
(ANT). Each RFID reader antenna (ANT) is read one by one,
and the corresponding hole’s state is detected.

If all the holes were detected to be 'match’, then the pegboard
session ended, the session was considered to be a 'success', and
its session time was recorded. If the session was not completed
within a given time or it was cancelled by the patient, the
session was considered to be a 'failure’. The accumulated
success rate of the sessions was also recorded.

A prototype system was configured as shown in Fig. 3. It
consisted of a microprocessor, an LCD (liquid crystal display),
a buzzer, a wireless data transmission module, an RFID reader
and multiple reader antennas. The microprocessor module
(ATmegal28L, 8 MHz, Atmel, CA) controlled the RFID reader
to score the pegboard session and display the results on the
LCD. The microprocessor also played various sound effects
with the buzzer to attract the patient’s attention. The USART
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(Universal ~ Synchronous  Asynchronous Receiver and
Transmitter) included in the microprocessor and the wireless
transmission module provided wireless communication with
the host system.

Fig. 3. Rapid-prototyped pegboard. It contained a
microprocessor, LCD, buzzer, wireless data transmission
module, RFID reader and multiple reader antennas.

The RFID reader module (TRF7960, Texas Instruments,
Dallas, TX) drived the ISO 15693 protocol with one sub-carrier,
one out of four modulation, and a high bit rate (26 Kbps). It
reads ten bytes of ID and sends them to the microprocessor.

The reader antenna was made with a printed circuit board.
Each antenna was 30 x 30 mm, with windings up to 5 turns. A
commercial inlay 24 mm circular tag (Tag-It™, HF-I, Texas
Instruments, Dallas, TX) was used for the tags.

2.2 Tele-rehabilitation System

The Tele-rehabilitation system consisted of the automated
pegboard, a patient’s PC, a Tele-rehabilitation server and a
therapist’s PC (Fig. 4). When the patient finished a pegboard
session, the pegboard calculated the session time and sent it to
the patient’s PC using wireless communication. The patient’s
PC received the session time from the pegboard and uploaded it
to the database on the server. A therapist can view the uploaded
data on the therapist’s PC using the web browser. The therapist
also can send messages to the pegboard to encourage the
patient’s accomplishment or to manage the rehabilitation
process. These messages are displayed on the LCD of the
pegboard.

“
—> data upload [j

server
) SR
/", \\ .
2T Ve
wl e 0N N

therapist PC

€= message download

egboard
Peg patient PC

Fig. 4. Overview of the Tele-rehabilitation system. It consisted
of the automated pegboard, patient’s PC, Tele-rehabilitation
server and therapist PC.

The Tele-rehabilitation server managed the patient’s
information and the pegboard result using a MySQL database
(http://www.mysql.com). The server also provides dynamic

server pages programmed with JSP and the Tomcat server
(http://tomcat.apache.org) for a bidirectional interface between
the patient’s PC and the therapist’s PC. All the development
tasks including coding and compiling scripts, interfacing with
the database were processed on the NetBeans 5.5 as an
integrated development environment (Fig. 5).

f Telerehabiliatation Server \

Programming DataBase Web Server
Language
JSP MysQL Apache Tomcat

NetBeans 5.5
Development environment of the Tele-rehabilitation
server.

Fig. 5.

The database for Tele-rehabilitation stored the information
for the pegboard evaluation results and enabled the
bidirectional information exchanges between the patient and
the therapist. The tables constituted of ‘patient’, ‘session’,
‘message’ and ‘board’ according to their attributes (Fig. 6). The
patient table contained the patient’s basic information such as
patient no, id, password name, age and gender. It also
contained the patient’s pathological recording, including event
and status of pathological outbreaks. The session table stored
the pegboard session results such as state (failure or success)
and the session time. The message table managed the
therapist’s feedback messages to the patient. The board table
provided the web board conventional communication between
the patient and the therapist.

Patient Session Board
serial* ser_no* num*
id pat_serial writer
password status email
name time subject
age Message passwd
gender mes_no* date
e_mail pat_serial contents
mes_status ip
msg

Fig. 6. Database tables for the Tele-rehabilitation server (‘*’
indicates primary key).

The operation of the patient’s PC was hidden so that it does
not interrupt the patient while it uploaded the pegboard results
to the server and downloaded the therapist’s messages. A
dialog-based application, programmed with Microsoft Visual
C++ 6.0 with MFC (Microsoft Foundation Class), was
launched at boot time and resided in a minimized form in the
patient’s PC. The MFC dialog contained a web browser control.
When the application received data from the pegboard, the web
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browser control navigates a server side page (Fig. 7), entered
the data onto the form, and submitted the page automatically.

upload E
0K | Cancel ‘

pegboard result 2l
patient 7
no
ctatus & success O select
fail status
. 30 ‘ .
time input time
(success only)
confirm reset
| g

Fig. 7. An MFC dialog containing the web browser control
for data uploads. The dialog-based application navigated this
page, entered the pegboard session results and submitted them
automatically.

Similarly with data upload, another MFC dialog box
containing a web browser control, as shown in Fig. 8, was
executed periodically (every two minutes in this study). The
web browser control navigated a server side page to receive the
messages entered by the therapist. Any unsent messages were
wirelessly sent to the pegboard and displayed on the LCD. The
sent message was marked as such to avoid multiple
transmissions.

Message Send u

|

” Message Data

ML Message no Message
T|Fi1 [Cheer up

submit J
R | » =

Fig. 8. An MFC dialog containing the web browser control
for message downloads. The dialog-based application
navigated this page, and displayed the therapist’s message to
the patient.

3. EXPRIMETAL RESULTS

Each of five pegboard sessions was evaluated for five
healthy subjects (three males and two females). The total of 25
sets of session time and their status were logged into the
database. All of the results were detected by the pegboard and
updated in the server without any difficulty.

Each patient’s result history was displayed in both graph (Fig.

9) and table formats (Fig. 10). Fig. 9 was taken from the
therapist web page. The graph was generated automatically as a
bitmap image using the uploaded results data.

17.5

15.0

12.8

10.0

Time(sec)

75

5.0

25

oo

1 2 3 El 5 [ 7 g g 10
Success trial no.

Fig. 9. Graph of a patient’s pegboard result history. This is a
portion of the clinician’s page. The therapist views this page
via the web browser.

Trial no Time[sec] Status
1 18.0 SUCCESS
2 15.0 SUCCRsS
3 16.0 SUCCRSS
4 13.0 SUCCESS
5 14.0 SUCCRsS
g 14.0 SUCCESS
7 14.0 SUCCESS
a 14.0 SUCCRsS
] 14.0 SUCCESS
10 13.0 SUCCESS

Fig. 10. Table of a patient’s pegboard results history. This was
a portion of clinician’s web page. The therapist sees this page
via web browser.

The messages from the clinician’s page were displayed on
the LCD of the pegboard as shown in Fig. 11. For example,
messages such as “EXCELLENT” and “CHEER UP” were
used for encouragement and “LET’S TRY” and “ONE MORE
TRY” for management were displayed after being sent by the
clinician.

Fig.11. Messages sent by the therapist and their display on the
LCD.

4. CONCLUSION

This study proposed a Tele-rehabilitation content with the
automated pegboard utilizing RFID technique and showed its
functional feasibility. The evaluation of the pegboard session,
the upload of the results to the server and the download of the
therapist’s message to the pegboard all executed automatically
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without interrupting the patient.

In this study, only the feasibility test was conducted using
five healthy subjects in their twenties. For the clinical use, we
are planning a future clinical study on the targeted population,
especially post-stroke patients.

The automation of the pegboard evaluation shows that there
is a potential for many other real rehabilitation devices that can
be used within Tele-rehabilitation, as opposed to virtual
modeling. Physical and tangible devices could be more
effective for rehabilitation than virtual representation since they
project the reality.

The automated evaluation also demonstrates its feasibility
for mass screening and systematic large-scale research in a
related field. Because the evaluation of the pegboard is
processed automatically without an inspector’s intervention, the
automated pegboard is a simple and low-cost diagnostic
method. The automated device can also be used for a large-
scale study involving a large population, because it stores and
provides the result data in a convenient form for statistical
analysis.

As seen with the pegboard, the application of an RFID
technique provides a low-cost solution for behavior detection
compared to an expensive motion tracking system. This is a

key factor for compact and low-cost Tele-rehabilitation devices.

However, the limitation of this system is that the motion can be
detected only at predefined positions by the RFID reader
antenna. Despite this limitation, the solution can be used for
other similar applications.

There have been interesting studies on digital game contents
based on tangible user interface based on RFID technique [20]-
[23]. In particular, Lee et al. suggested the possibility of RFID
technique to detect any subject’s spatial arrangement, which
could provide strategic game components for educational
applications [23]. The application of the RFID technique
proposed by the authors could match this requirement in digital
game contents.

ACKNOWLEDGEMENT

This work was supported by the Grant of the Korean
Ministry of Education, Science and Technology (The Regional
Core Research Program/Center for Healthcare Technology
Development).

REFERENCES

[11 T.G. Russell, "Physical rehabilitation  using
telemedicine," J. Telemed. Telecare, vol. 13, no. 5, Jul.
2007, pp. 217-220.

[2] J.E. Deutch, J.A. Lewis, and G.Burdea, "Technical and
patient performance using a virtual reality-integrated
telerehabilitation system: preliminary finding," IEEE
Trans. Neural Syst. Rehabil Eng., vol. 15, no. 1, Mar.
2007, pp. 30-35.

[3] A. Heuser, H. Kourtev, S. Winter, D. Fensterheim, G.
Burdea, V. Hentz, and P. Forducey, "Telerchabilitation
using the Rutgers master Il glove following carpal tunnel

[10]

[11]

[14]

[15]

[16]

release surgery: proof-of-concept," IEEE Trans. Neural
Syst. Rehabil. Eng., vol. 15, no. 1, Mar. 2007, pp. 43-49.
G. Placidi, "A smart virtual glove for the hand
telerehabilitation," Comput. Biol. Med., vol. 37, no. 8§,
Aug. 2006, pp. 1100-1107.

P.S. Lum, G. Uswatte, E. Taub, P. Hardin, and V.W.
Mark, "A telerehabilitation approach to delivery of
constraint-induced movement therapy," J. Rehabil. Res.
Dev., vol. 43, no. 3, May 2006, pp. 391-400.

R.J. Sanchez, J. Liu, S. Rao, P. Shah, R. Smith, T.
Rahman, S.C. Cramer, J.E. Bobrow, and D.J.
Reinkensmeyer, "Automating arm movement training
following severe stroke: functional exercises with
quantitative feedback in a gravity-reduced environment,"
IEEE Trans. Neural Syst. Rehabil. Eng., vol. 14, no. 3,
Sep. 2006, pp. 378-389.

D. Squire, A.A. Giachino, A.W. Profitt, and C. Heaney,
"Objective comparison of manual dexterity in physicians
and surgeons," Can. J. Surg., vol. 32, no. 6, Nov. 1989,
pp- 467-470.

J. Desrosiers, R. Hebert, G. Bravo, and E. Dutil, "The
purdue pegboard test: normative data for people aged 60
and over," Disabil. Rehabil., vol. 17, no. 5, Jul. 1995, pp.
217-224.

J. Gallus and V. Mathiowetz, "Test-retest reliability of
the purdue pegboard for persons with multiple sclerosis,"
Am. J. Occup. Ther., vol. 57, no. 1, Jan. 2003, pp. 108-
111.

A.S. Aldehag, H. Jonsson, and T. Ansved, "Effects of a
hand training programme in five patients with myotonic
dystrophy type 1," Occup. Ther. Int., vol. 12, no. 1, Dec.
2005, pp. 14-27.

S.G. Brown, E.A. Roy, L.E. Rohr, and P.J. Bryden,
"Using hand performance measures to predict
handedness," Laterality, vol. 11, no. 1, Jan. 2006, pp. 1-
14.

R.W. Heinrichs and A.G. Awad, "Neurocognitive
subtypes of chronic schizophrenia," Schizophr. Res., vol.
9, no. 1, Mar. 1993, pp. 49-58.

A. Scuteri, L. PalMieri, N. C. Lo, and S. Giampaol,
"Age-related changes in cognitive domains. A
population-based study," Aging Clin. Exp. Res., vol. 17,
no. 5, Oct. 2005, pp. 367-373.

T. Noguchi, S. Deruma, Y. Nagasawa, and M. Uchiyama,
"An examination of practice and laterality effects on the
Purdue Pegboard and moving beans with tweezers,"
Percept. Mot. Skills, vol. 102, no. 1, Feb. 2006, pp. 265-
274.

J. Seitz, O.G. Jenni, L. Molinari, R.H. Largo, and H.B.
Latal, "Correlations between motor performance and
cognitive functions in children born < 1250 g at school
age," Neuropediatrics, vol. 37, no. 1, Feb. 2006, pp. 6-12.
H.-H. Choi, M.-H. Ryu, Y.-S. Yang, Y.-I shin, and N.-G.
Kim, "Automated pegboard utilizing RFID system with
multiple reader antennas," J. Biomed. Eng. Res., vol. 28,
no. 5, Feb. 2007, pp. 585-589.

K. Finkenzeller, RFID Handbook, John Wiley & Son,
New York, 1999.

International Journal of Contents, Vol.6, No.4, Dec 2010



Mun-Ho Ryu: A Tele-rehabilitation System with an Automated Pegboard Utilizing Radio Frequency Identification 13

[18] K.V.S. Rao, "An overview of backscattered radio
frequency identification system (RFID)," Proc. Asia
Pacific Microwave Conf-, 1999, vol. 3, pp. 746-749.

[19] P. Nagy, I. George, W. Bernstein, J. Caban, R. Klein, R.
Mezrich, and A. Park, "Radio frequency identification
systems technology in the surgical setting," Surg. Innov.,
vol. 13, no. 1, Mar. 2006, pp. 61-67.

[20] K. Roemer and S. Domnitcheva, "Smart playing cards: A
ubiquitous computing game," J. for Personal and
Ubiquitous computing, vol.6, no. 5-6, Dec. 2002, pp.
371-3717.

[21] J. Bohn, "Smart jigsaw puzzle assistant: Using RFID
technology for building augmented real-world games,"
Proc. Workshop on gaming applications in pervasive
computing environments, 2004.

[22] M. Muller, F. Evequoz, and D. Lalanne, "TJASS, a smart
board for augmenting card game playing and learning,"
Proc. UIST, 2006, pp. 67-68.

[23] K.-M Lee and K.-O. Lee, "The problem and prospect of
developing a RFID-based digital board game by initial
developers," J. Korean Contents (domestic), vol. 10, no. 3,
Mar. 2010, pp. 132-140.

Da-Young Jeong

She received the B.S. in biomedical
engineering from Chonbuk National
University, Korea in 2003, and the M.S.
degree in healthcare engineering from
Chonbuk National University, Korea in
2008. Since then she has been with the
Intelligence and Interaction center,
Korea Institute of Science and Technology. Her main research
interests include upper-limb and cognition rehabilitation,
telerehabilitation, rehabilitation automation.

Mun-Ho Ryu
He received the B.S. in control and
instrumentation engineering from Seoul
National University, Korea in 1990. He
—-- worked for Daewoo Heavy Industry
Machine Tool Division from 1990 to
“* - 2000 and Biomedlab from 2000 2005.
B He received the Ph.D. in biomedical
engineering from Seoul National University, Korea in 2004.
Since 2005, he has been with the Division of Biomedical
Engineering, Chonbuk National University. His main research
interests include rehabilitation telerehabilitation, rehabilitation
automation, inertial sensor application, and embedded system.

Yoon-Seok Yang

He received the B.S. degree in control
and instrumentation engineering from
Seoul National University, Korea in 1996,
and the M.S. degree in biomedical
engineering from Yonsei University,
Korea in 1998. He received the Ph.D.
degree in biomedical engineering from
Seoul National University in 2002. He worked for Electronics

and Telecommunications Research Institute (ETRI) from 2002
to 2005. He joined the Division of Biomedical Engineering,
Chonbuk National University in 2005. His research interests
include human computer interface, embedded system, and
neural engineering.

Nam-Gyun Kim

He received the B.S., M.S in mechanical
engineering from Chonbuk National
University, Korea in 1981, and the Ph.D.
in  biomedical engineering  from
University of Strasburg I, France in 1987,
respectively. He worked as a visiting
faculty member for the Research Institute
for Electronic Science, Hokkaido University from 1992 to 1993.
He worked as a professor for the Division of Biomedical
Engineering, Chonbuk National University from 1987 to 2009.
He is a CEO of Color Seven Co., Ltd. His main research
interests include sensory information processing, functional
analysis of sensory organ equilibrium, rehabilitation
engineering, and color therapy.

L]

Seong-Hyun Kim

He received the B.S. degree in precision
mechanics engineering from Chonuk
National University, Korea in 2001, and
the M.S. degree in biomedical
engineering from Chonbuk National
University, Korea in 2005. He received
the Ph.D. degree in biomedical
engineering from Chonbuk National University, Korea in 2009.
He joined the Center for Healthcare Technology Development,
Chonbuk National University in 2009. His research interests
include human fall, fall simulation, and biomedical engineering.

International Journal of Contents, Vol.6, No.4, Dec 2010




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts 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
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


