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Abstract. Moving a brain-computer interface from a laboratory demonstration to 
real-life applications poses severe challenges to the BCI community. Recently, 
with advances in the biomedical sciences and electronic technologies, the devel-
opment of a mobile and online BCI has obtained increasing attention in the past 
decade.  A mobile and wireless BCI based on customized Electroencephalogram 
recording and signal processing modules has the advantage of ultimate portabil-
ity, wearability and usability. This study integrates a mobile and wireless EEG 
system and a signal-process platform based on a Bluetooth-enabled cell-phone 
into a truly wearable BCI. Its implications for BCI were demonstrated through a 
case study in which the cell-phone was programmed to assess steady-state, vis-
ual-evoked potentials in response to flickering visual stimuli to make a phone 
call directly. The results of this study on ten normal healthy volunteers suggested 
that the proposed BCI system enabled EEG monitoring and on-line processing of 
unconstrained subjects in real-world environments.  

Keywords: Brain-computer interface (BCI), Electroencephalogram (EEG), 
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1   Introduction 

Brain-computer interface (BCI) systems acquire electroencephalography (EEG) sig-
nals from the human brain and translate them into digital commands which can be 
recognized and processed on a computer or computers using advanced algorithms [1]. 
BCIs can provide a new interface for the users suffering from motor disabilities to 
control assistive devices such as wheelchairs. Over the past two decades, different 
features of EEG signals such as mu/beta rhythms, event-related P300 potentials, and 
visual evoked potentials (VEP) have been used in BCI studies. Among these different 
BCI regimes, the VEP-based BCI has obtained increasing attention due to its advan-
tages including high information transfer rate (ITR), little user training, low user 
variation, and ease of use [2].   

Steady-state visual evoked potential (SSVEP) is the electrical response of the brain 
to the flickering visual stimulus at a repetition rate higher than 6 Hz [3]. The SSVEP 
is characterized by an increase in amplitude at the stimulus frequency, which makes it 
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possible to detect the stimulus frequency based on the measurement of SSVEPs. The 
frequency coding approach has been widely used in SSVEP-based BCI systems [4]-[9]. 
In such a system, each visual target is flickering at a different frequency. The system 
can recognize the gaze target of the user by detecting the dominant frequency of the 
SSVEP. Although robustness of the system performance has been demonstrated in 
many laboratory studies, moving this BCI system from a laboratory demonstration to 
real-life applications still poses severe challenges to the BCI community [9]. To de-
sign a practical BCI system, the following issues need to be addressed: (1) ease of 
use, (2) reliable system performance, (3) low-cost hardware and software. Recently, 
with advances in the biomedical sciences and electronic technologies, the develop-
ment of a mobile and online BCI has been put on the agenda [10]. 

In real-life applications, BCI systems should not use a bulky, wired EEG acquisi-
tion device and signal processing platform [11]. Using these devices will not only 
uncomfortable and inconvenient for the users, but will also affect their ability to per-
form routine tasks in real life. Furthermore, signal processing of BCI systems should 
be in real-time instead of off-line analysis. Several studies have demonstrated the use 
of portable devices for BCIs [12]-[17]. Lin et al. [12] proposed a portable BCI system 
that can acquire and analyze EEG signals with a custom DSP module for real-time 
monitoring. Shyu et al. [17] proposed a system to combine an EEG acquisition circuit 
with an FPGA-based real-time signal processer. To the best of our knowledge, a cell-
phone-based online BCI platform has not been reported.  

This study aimed to integrate a wearable and wireless EEG system [12] with a mo-
bile phone to implement an SSVEP-based BCI. The system consists of a four-channel 
biosignal acquisition/amplification module, a wireless transmission module, and a 
Bluetooth-enabled cell-phone. This study also demonstrates its implications in a case 
study in which wearers’ EEG signals were used to directly make a phone call. Real-
time data processing was implemented and carried out on a regular cell-phone. In a 
normal office environment, an average information transfer rate (ITR) of 28.47 
bits/min was obtained from ten healthy subjects. 

2   Methods  

2.1   System Hardware Diagram  

A typical VEP-based BCI that uses frequency coding consists of three parts: visual 
stimulator, EEG recording device, and signal processing unit [2]. The basic scheme of 
the proposed mobile and wireless BCI system is shown in Fig. 1. The hardware of this 
system consists mainly of three major components: a stimulator, an EEG acquisition 
unit and a mobile cell-phone.  

The visual stimulator comprises a 21-inch CRT monitor (140Hz refresh rate 
800x600 screen resolution) with a 4 x 3 stimulus matrix constituting a virtual tele-
phone keypad which includes digits 0-9, BACKSPACE and ENTER. The stimulus 
frequencies ranged from 9Hz to 11.75Hz with an interval of 0.25Hz between two 
consecutive digits. The stimulus program was developed in Microsoft Visual C++ 
using the Microsoft DirectX 9.0 framework. 
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Fig. 1. System diagram of mobile and wireless BCI 

  
(a) 

 
(b) 

Fig. 2. (a) Block diagram of the EEG acquisition unit, (b) an EEG headband with an embedded 
data acquisition and wireless telemetry unit 

The EEG acquisition unit is a 4-channel wearable bio-signal acquisition unit. Fig. 
2(a) shows the data flow of EEG acquisition unit [11]. EEG signals were amplified 
(8,000x) by instrumentation amplifiers, Band-pass filtered (0.01-50 Hz), and digitized 
by analog-to-digital converters (ADC) with a 12-bit resolution. To reduce the number 
of wires for high-density recordings, the power, clocks, and measured signals were  
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daisy-chained from one node to another with bit-serial outputs. That is, adjacent nodes 
(electrodes) are connected together to (1) share the power, reference voltage, and ADC 
clocks, and (2) daisy-chain the digital outputs. Next, TI MSP430 was used as a control-
ler to digitize EEG signals using ADC via serial peripheral interface with a sampling 
rate of 128Hz. The digitized EEG signals were then transmitted to a data receiver such 
as a cell-phone via a Bluetooth module. In this study, Bluetooth module BM0203 was 
used. The whole circuit was integrated into a headband (Fig. 2(b)). The specifications 
of the EEG acquisition unit are listed in Table 1. 

Data processing unit was realized using a Nokia N97 (Nokia Inc.) cell-phone. A 
J2ME program developed in Borland JBuilder2005 and Wireless Development Kit 2.2 
were installed to perform online procedures including (1) displaying EEG signals in 
time-domain or frequency-domain on the screen, (2) band-pass filtering, (3) estimating 
power spectrum of the VEP using fast Fourier transform (FFT), (4) presenting auditory 
feedback to the user, and (5) phone dialing. The resolution of the 3.5-in touch screen of 
the phone is 640 x 360 pixels. 

Table 1. Specification of EEG acquisition unit 

Type Example 
Channel Number 4 
System Voltage 3V 
Gain 8,000 
Bandwidth 0.01~50 Hz 
ADC Resolution 12bits 
Output Current 29.5mA 
Battery  Lithium 3.7V 450mAh  15~33hr 
Full Scale Input Range 577μV 
Sampling 128Hz 
Input Impedance greater than 10MΩ 
Common Mode Rejection Ratio 77dB 
System Voltage 88dB 
Gain 18mm x 20mm, 25mm x 40mm 

2.2   System Software Design 

When the program is launched, the connection to the EEG acquisition unit would be 
automatically established in a few seconds. The EEG raw data are transferred, plotted, 
and updated every second on the screen. Since the sampling rate is 128 Hz, the screen 
displays about 4-sec of data at any given time. Fig. 3(a) shows a snapshot of the screen 
of the cell-phone while it was plotting the raw EEG data in the time-domain. Users can 
switch the way of displaying from time-domain to frequency-domain by pressing the 
“shift” + “0” button at the same time. Under the frequency-domain display mode, the 
power spectral density of each channel will be plotted on the screen and updated every 
second, as shown in Fig. 3(b). An auditory and visual feedback would be presented to 
the user once the dominant frequency of the SSVEP is detected by the program. For 
example, when number 1 was detected by the system, the digit “1” would be shown at 
the bottom of the screen and “ONE” would be said at the same time. 
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(a) 

 
(b) 

Fig. 3. Screen snapshots of the cell-phone’s GUI: (a) A time-domain display of the 4-channel 
EEG, (b) Estimated power spectral density of the EEG when number ‘1’ was attended. 

Fig. 4 shows the flow chart of the program. First, the program initiates a connec-
tion to the EEG acquisition unit. Next, four-channel raw EEG data are band-pass 
filtered at 8-20 Hz, and then plotted on the screen every second.  The display can be 
switched to the power spectrum display mode by pressing “shift” + “0” buttons simul-
taneously, as shown in Fig. 3. A 512-point FFT is applied to the EEG data using a 4-
sec. moving window advancing at 1-sec. steps for each channel. To improve the reli-
ability, a target is detected only when the same dominant frequency is detected in two 
consecutive windows (at time k, and k+1 seconds, k≥4). The subjects are instructed to 
shift their gaze to the next target (digit) flashed on the screen once they are cued by 
the auditory feedback. 

2.3   BCI Experiment Design 

Ten volunteers with normal or corrected to normal vision participated in this experi-
ment. The experiment was run in a typical office room. Subjects were seated in a 
comfortable chair at a distance of about 60 cm to the screen. Four electrodes on the 
EEG headband were placed around the O1/O2 area, all referred to a forehead midline 
electrode. 

At the beginning of the experiment, each subject was asked to gaze at some spe-
cific digits to confirm the wireless connection between the EEG headband and the 
cell-phone. Based on the power spectra of the EEG data, the channel with the highest 
signal-to-noise ratio was selected for online target detection. The test session began 
after a couple of short practice session. The task was to input a 10-digit phone num-
ber: 123 456 7890, followed by an ENTER key to dial the number. Incorrect key 
detection could be removed by a gaze shift to the “BACKSPACE” key. The percent-
age accuracy and ITR [1] were used to evaluate the performance of the cell-phone 
based BCI. 
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Fig. 4. The flow chart of the program coded on the cell-phone. T-signal refers to the time-
domain display, and F-signal refers to the frequency-domain display. 

3   Results 

Table 2 shows the results of the EEG-based phone-dialing experiments. All subjects 
completed the EEG-based phone-dialing task with an average accuracy of 95.9±7.4%,  
 
 

Table 2. Online test results of 10 subjects 

Subject Input length Time(sec.) Accuracy (%) ITR 
Y.T. 11 72 100 32.86 
C. 11 72 100 32.86 
A. 19 164 78.9 14.67 

Y.B. 11 73 100 32.4 
T.P. 17 131 82.4 17.6 
T. 11 67 100 35.31 
W. 11 72 100 32.86 
B. 13 93 92.3 20.41 
F. 11 79 100 29.95 
D. 11 66 100 35.85 

Mean 12.6 88.9 95.9 28.47 
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and an average time of 88.9 seconds. 7 subjects successfully inputted 11 targets with-
out any error. The average ITR was 28.47±7.8 bits/min, which was comparable to 
other VEP BCIs implemented on a high-end personal computer [4]. 

4   Conclusions and Discussion 

This study detailed the design, development, and testing of a truly mobile and wireless 
BCI for communication in daily life. A lightweight, battery-powered, and wireless 
EEG headband was used to acquire and transmit EEG data of unconstrained subjects in 
real-world environments. The acquired EEG data were received by a regular cell-
phone through Bluetooth. Signal-processing algorithms and graphic-user interface 
were developed and tested to make a phone call based on the SSVEPs in responses to 
frequency-encoded visual stimuli.   The results of this study concluded that all of the 
participants, with no or little practicing, could make phone calls through this SSVEP-
based BCI system in a natural environment.  

Despite such successes, there is room for improvement. Future directions include: 
(1) the use of dry EEG electrodes over the scalp locations covered with hairs to avoid 
skin preparation and the use of conductive gels; and (2) the use of multi-channel EEG 
signals to enhance the accuracy and ITR of the BCI [18], as opposed to manually 
selecting a single channel from the recordings. 

It is worth noting that, in the current study, the cell-phone was programmed to as-
sess wearers’ SSVEPs for making a phone call, but it can actually be programmed to 
function in ways appropriate for other BCI applications. In essence, this study is just a 
demonstration of a cell-phone based platform technology that can enable and/or facili-
tate numerous BCI applications in real-world environments. 
 
Acknowledgments. This work is supported by a gift from Abraxis Bioscience Inc. 

References 

1. Wolpaw, J.R., Birbaumer, N., McFarland, D.J., Pfurtscheller, G., Vaughan, T.M.: Brain-
computer interfaces for communication and control. Clin. Neurophysiol. 113(6), 767–791 
(2002) 

2. Wang, Y.J., Gao, X.R., Hong, B., Jia, C., Gao, S.: Brain-computer interfaces based on vis-
ual evoked potentials - Feasibility of practical system designs. IEEE Eng. Med. Biol. 27, 
64–71 (2008) 

3. Regan, D.: Human Brain Electrophysiology: Evoked Potentials and Evoked Magnetic 
Fields in Science and Medicine. Elsevier, New York (1989) 

4. Cheng, M., Gao, X.R., Gao, S.G., Xu, D.F.: Design and implementation of a brain-
computer interface with high transfer rates. IEEE T. Bio-Med. Eng. 49, 1181–1186 (2002) 

5. Wang, Y., Wang, R.P., Gao, X.R., Hong, B., Gao, S.K.: A practical VEP-based brain-
computer interface. IEEE Tr. Neur. Sys. Rehab. 14(2), 234–239 (2006) 

6. Valbuena, D., Cyriacks, M., Friman, O., Volosyak, I., Graser, A.: Brain-computer interface 
for high-level control of rehabilitation robotic systems. In: 10th IEEE Int. Conf. Rehab. 
Robot., pp. 619–625 (2007) 



240 Y.-T. Wang, Y. Wang , and T.-P. Jung 

7. Jia, C., Xu, H.L., Hong, B., Gao, X.R., Zhang, Z.G., Gao, S.K.: A human computer inter-
face using SSVEP-based BCI technology. In: Schmorrow, D.D., Reeves, L.M. (eds.) HCII 
2007 and FAC 2007. LNCS (LNAI), vol. 4565, pp. 113–119. Springer, Heidelberg (2007) 

8. Muller-Putz, G.R., Pfurtscheller, G.: Control of an electrical prosthesis with an SSVEP-
based BCI. IEEE T. Biomed. Eng. 55(1), 361–364 (2008) 

9. Wang, Y., Gao, X., Hong, B., Gao, S.: Practical designs of brain-computer interfaces based 
on the modulation of EEG rhythms. In: Graimann, B., Pfurtscheller, G. (eds.) Invasive and 
Non-Invasive Brain-Computer Interfaces. Springer, Heidelberg (2009) 

10. Lin, C.T., Ko, L.W., Chiou, J.C., Duann, J.R., Chiu, T.W., Huang, R.S., Liang, S.F., Jung, 
T.P.: A noninvasive prosthetic platform using mobile and wireless EEG. Proc. IEEE 96(7), 
1167–1183 (2008) 

11. Lin, C.T., Ko, L.W., Chang, M.H., Duann, J.R., Chen, J.Y., Su, T.P., Jung, T.P.: Review 
of Wireless and Wearable Electroencephalogram Systems and Brain-Computer Interfaces - 
A Mini-Review. Gerontology 56, 112–119 (2010) 

12. Lin, C.T., Chen, Y.C., Chiu, T.T., Ko, L.W., Liang, S.F., Hsieh, H.Y., Hsu, S.H., Duan, 
J.R.: Development of Wireless Brain Computer Interface With Embedded Multitask 
Scheduling and its Application on Real-Time Driver’s Drowsiness Detection and Warning. 
IEEE T. Biomed. Eng. 55, 1582–1591 (2008) 

13. Gao, X.R., Xu, D.F., Cheng, M., Gao, S.K.: A BCI-based environmental controller for the 
motion-disabled. IEEE T. Neur. Sys. Reh. 11, 137–140 (2003) 

14. Edlinger, G., Krausz, G., Laundl, F., Niedermayer, I., Guger, C.: Architectures of labora-
tory-PC and mobile pocket PC brain-computer interfaces. In: Proc. 2nd Int. IEEE EMBS 
Conf. Neural Eng., Arlington, VA, pp. 120–123 (2005) 

15. Whitchurch, K., Ashok, B.H., Kumaar, R.V., Sarukesi, K., Varadan, V.K.: Wireless sys-
tem for long term EEG monitoring of absence epilepsy. Biomed. Appl. Micro. 
Nanoeng. 4937, 343–349 (2002) 

16. Obeid, Nicolelis, M.A.L., Wolf, P.D.: A multichannel telemetry system for signal unit neu-
ral recording. J. Neurosci. Methods 133, 33–38 (2003) 

17. Shyu, K.K., Lee, P.L., Lee, M.H., Lin, M.H., Lai, R.J., Chiu, Y.J.: Development of a Low-
Cost FPGA-Based SSVEP BCI Multimedia Control System. IEEE T. Biomed. Circ. S, 
4125–132 (2010) 

18. Bin, G.Y., Gao, X.R., Yan, Z., Hong, B., Gao, S.K.: An online multi-channel SSVEP-
based brain-computer interface using a canonical correlation analysis method. J. Neural. 
Eng. 6 (2009) 

 



<<
  /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 /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 290
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.01667
  /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 290
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.03333
  /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 800
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2400
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /DEU <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.000 842.000]
>> setpagedevice


