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Listen to the Song of the Brain in Real Time

The Chengdu Brainwave Music
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Abstract—Electroencephalogram (EEG) provides a window for
the activity of the human brain. In this work, we propose a
brainwave music display system in real time—the Chengdu
Brainwave Music (CBM), which translates the event, amplitude
and average power of EEG into musical parameters, and plays
the generated music immediately. Real EEG data is utilized as
examples for the system. The system can be a useful tool for EEG
monitoring, neuro-feecback, and entertainment.
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There are many technologies including high-density
electroencephalogram (EEG), functional magnetic resonance
imaging (fMRI), and magneto-encephalography (MEG), which
have been extensively utilized in recent years to monitor the
brain activities. If the brain information could be heard through
a special sonification rule, we may be able to directly
“perceive” brain activity and its variation with the auditory
pathway. The hearing strategy of EEG may provide not only a
different real-time monitoring of brain activities but also a
more sensitive way to detect the subtle variations in the
amplitude and frequency of EEG that might be ignored by
conventional EEG waveform technique.

INTRODUCTION

Trying to hear the hidden brain activities from a
noninvasive scalp EEG has a long history. The earliest attempt
for translating brainwaves into music was made in 1934 [1]. A
“Music for Solo Performer” was later presented in 1965 [2],
and other similar music pieces followed. In the 1990s, various
new music generating rules were created from digital filtering

or coherent analysis of EEG [3]. However, in these early works,

the mapping rules were quite direct and arbitrary.

There was a breakthrough since 2002 [4], various strategies
of the conversion from EEG to audible sounds have been
proposed and ample artificial sounds synthesizers are utilized
for display. In resent years, there are two main categories of
brainwave music systems according to the hierarchy of the
features extracted for music generation, the “EEG sonification”
and the “Brian-Computer Music Interface (BCMI)”.

EEG sonification is the generation of artificial sounds using
control by EEG data. It includes the method parameter
mapping, which translates a few parameters of EEG to the
characteristic parameters of music [5, 6], and event-based
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method which utilizes specific events such as interictal
epileptic discharges as triggers for the beginning of music tones
or other sound events [7]. The usual transform is based on
subjectively defined translation rule [5, 7, 8]; except for the
scale-free music of the brainwave we developed in 2009, which
is based on the power law followed by both EEG and music [6].

The BCMI is the musical implication of the BCI, which is
an interesting area for the development of new possibilities in
recreational and therapeutic devices for people with physical
and neuro-logical disabilities [9, 10]. In such a system, EEG
frequency band and the signal complexity were used to control
the music processing. In order to obtain a pleasing music, many
computer music approaches were implemented in such systems.

A real time system [11] is needed for the application of the
brain music method. It will be helpful for EEG monitoring,
neuro-feedback, even the music performance. One important
factor in such system is the musical instrument data interface
(MIDI), widely used in composition and performance, with
which we can obtain quite pleasing music pieces with specific
instrument timbre just by inputting data to drive the interface.

As the on-line technical version of our recent brainwave
music technique, introduced in this paper is the Chengdu
brainwave music (CBM) system for real-time brainwave music
including the data acquisition, data processing and music
generation environment. The feature mapping rules are based
on some intrinsic properties of waveform, for example, the
amplitude, brainwave event were translated into the pitch and
duration of the musical tones. We then discuss the significance
of the brainwave music, and the applications of the EEG music
representation in both medical and recreational fields,
especially in BCI system. Finally, we present an outlook to
future work to assist the exploratory data analysis and
understanding the functional mechanism of brain activity.

IL.

In our work, the Chengdu Brainwave Music (CBM )
system, a system for real-time transformation of brain music, is
designed in line with the on-line BCI system. We designed the
EEG amplifier to collect EEG data, and send data to a device
for data processing and music synthesizing.

METHODS



A. Brain Music System

The brainwave music system is shown in Fig. 1. The EEG
of the subject is collected through the electrode cap, and be
amplified by the amplifier which with USB interface for
communicating with the computer. The data then was sent to a
message widow designed with C language in Boland C
environment for processing and translation, at last, the musical
parameters were sent to the MAX/MSP for music generation.
The subject can see his brainwave on the screen and hear his
own brain music by a loudspeaker or earphones.

Figure 1. The brain music system in action. Shown on the screen is a virtual

piano in Max/MSP.

B.  Data Acquisition

The EEG is acquired with a Lab-made EEG amplifier
connected to a computer via a USB interface. The EEG data is
recorded from 8 Ag/AgCl-electrodes placed on the scalp, and
referenced to the earlobe. The locations of electrodes are
according to the international 10-20 electrode system. The
resolution in amplitude is 0.5 pV, and the CMRR>110 db. The
EEG signal is sampled at 1000 Hz and digitized with a 16 bit
A/D converter in the amplifier. The filters of the amplifier are
set to 0.1 Hz as the low frequency cut-off and 40 Hz as the high
frequency cut-off. The participant usually sat on a comfortable
chair and keep quite during the music generation.

C. Data Processing

The EEG data recorded by the amplifier are transported to
the message window to process data and compute the
corresponding musical parameters. These programs are all
written with C language.

After calibrating the EEG signal into microvolt, the referred
channels must be chosen. Here we take the left ear as on-line
reference. In this version of system, only one channel was
translated. And then, the data have to be processed in two ways,
the first is that the data were down-sampled to 100Hz, and send
to the next step for wave display, the second is utilized to
compute the feature parameters, including the event, amplitude,
and power. The definitions are as follows:

e Event: defined as two EEG waves; i.e., if a note begins
when the wave cross the zero from negative to positive,
it will end when the same thing presents for the third
time.

e Amplitude: the mean value of amplitude of the EEG
waves in an event.

e Power: the average power during the event.

In this work, we utilize a method based on waveform event
for mapping. The details are shown in Fig. 2. The EEG data are
analyzed to extract the event, amplitude, and power, and these
are reflected by the MIDI notes’ characters, the duration, pitch,
and intensity (volume). The timbre of the notes is fixed with
piano. The conversions are according to the scale-free power
law followed by both EEG and music [6].

Event »  Duration
MIDI
EEG [ | Amplitude > Pitch sequences
Power Intensity

Figure 2. The mapping rules from EEG to music parameters.

D. Music Synthesizing

After the computing of the musical parameters, the brain
music would be generated by the computer. In the present work,
Max/MSP, a software programming environment optimized for
flexible real-time control of music system [11], is chosen for
on-line brain music performance. It is currently the most
popular environment for programming of real-time interactive
music performance system. Max/MSP is a very mature, widely
accepted and supported environment, which allows a graphic
interface to develop the program, and the visual subjects in the
environment are the units for programming. Therefore, it also
supports arithmetic or extended functions and allows new
subjects to write with C language.

In this work, the data receiving subject and the music
mapping subject are both programmed with C language based
on the SDK of Max/MSP, and they can receive the real EEG
data from the amplifier and obtain the note’s parameters,
respectively. And we also design a window in Max/MSP to
show the real EEG data, the musical notes which were played
on a virtual piano, and the staff updated with the notes. The
music synthesized can be recorded for replaying and saved as
MIDI files.

III.  RESULTS

As a pilot study, we use the EEG data during eyes open and
eyes closed as an example. Fig. 3 and Fig. 4 show the results.
When eyes open, the amplitudes of the EEG are lower than
when eyes closed, so the music during eyes open have higher
pitch than the music during eyes closed.
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Figure 3. Brain Music from eyes open. The upper panel shows the raw EEG
data, and the under pannel shows the musical notes translated by the EEG.
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Figure 4. Brain Music from eyes closed. The upper panel shows the raw
EEG data, and the under pannel shows the musical notes translated by the
EEG.

IV. DISCUSSIONS

The musical representation of human EEG is a novel
attempt in brain investigation, and we believe that it can be a
window for the brain functions. Whatever the methods used for
music generation, the brainwave music sounds are the auditory
reflection for the EEG features related to human mental states.
For example, the amplitude, the most important character in
temporal domain, depends on the mental activities. The sleep
EEG usually has voltages approach to 150uV, while it is less
that 50uV during quiet awake state [16]. Another essential
character of EEG is frequency. EEG frequency range usually is
divided into six bands: slow cortex potential (SCP), delta, theta,
alpha, beta and gamma band, respectively. The
neurophysiologic origins of oscillatory activities within these
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bands are not known in derail, but it is believed that the
mechanisms of brain activity are related to these bands and
these rhythms are from specific positions of the brain. Such
information is considered in the brain music mapping rules [5,
8] and we believe that listening to these essential features can
help us to perceive the brain activities. In addition, the
nonlinear features are also used in EEG investigation, and some
results show that the different states of EEG have different
scaling properties [12]. In CBM, we have considered the power
law followed by both EEG and music [6].

There are a number of advantages to perceive the brain via
an auditory music. First, the human auditory system has higher
resolution than visual system in temporal aspect. Second,
researchers hypothesized that the inherent ability of the
auditory system to process multiple auditory streams in parallel,
a contrast to the human visual system’s serial processing of
multiple objects [13]. Finally, the human aural processing can
deal with much higher complexities than those used for
scientific purposes, because human have the ability to
distinguish between several simultaneous voices or instruments
even in a noisy environment, which provides a good reason to
use music to deal with multiparametric data set, such as EEG
[14]. At last, listening to music is particularly comfortable and
interesting compared to staring at the screen.

The possible applications for real-time brainwave music
system have great significance in medical, scientific and artistic
fields. It can be used as an EEG monitor or alarm in daily
monitoring and for specific neuropathy such as epilepsy [7, 13].
And the brainwave music has potential effect on music therapy.
There is an attempt to use brainwave music to treat the
insomnia [15], and the proposed brainwave music generation is
used in rat experiment. The results show that the music from
sleep EEG of rats can improve their arouse states. In sense of
science and technology, the brainwave music system is an
extended version of BCI, thus the interface for music can be
utilized for music performance or feedback in control. It may
serve as a tool for monitoring the brain and the cognitive
research of music. Furthermore, the system is valuable in
amusement, as everyone can compose music for oneself just by
the system.

However, there are still problems in such a system. The
most essential problem is how to keep balance between science
and art. A direct rendering may cause a stochastic MIDI
sequence, which has less music aesthetic feeling, and if more
composition rules are considered, the more biological
information may be lost, such as the BCMI system [9, 10] and
our previous work of brainwave music generation based on
wavelet analysis [8]. Moreover, the mapping from EEG to
music also depends on our understanding of the brain. Thus the
intrinsic scientific meaning of a mapping rule strongly depends
on the development of the brain science. By the way, the
effectiveness of CBM in feedback or therapy needs to be
evaluated with experiments, thus a lot of works need to be done
in the future.

With the development of signal processing, brain function
and computer music composition, the real-time brainwave
music will be more scientific and artistic. We expect that we
can use the EEG for direct brain communication or online



composing with further training and to understand human brain
deeply.

ACKNOWLEDGMENT

The authors thank to Jiehui Hu for English smooth and Hua
Yang, Jing Lu for discussions.

REFERENCES
[1] E. Adrian and B. Matthews, “The Berger rhythms: potential changes

from the occipital lobes in man,” Brain, vol. 57, no. 4, 1934, pp. 355-385.

[2] A. Lucier, “Statement on: music for solo performer,” in Biofeedback and
the arts: Results of early experiments, D. Rosenboom Ed. Vancouver,
Canada: Aesthetic Research Centre of Canada, 1976.

[3] D. Rosenboom, Extended Musical Interface with the Human Nervous
System, San Francisco, California, U.S.A.: International Society for the
Arts, Sciences and Technology (ISAST), 1990, pp. 74-97.

[4] T. Hermann, “Sonification for exploratory data analysis,” Ph.D.
dissertation, Bielefeld University, Bielefeld, Germany, Feb. 2002.

[5] T. Hinterberger and G. Baier, “Parametric orchestral sonification of EEG
in real time,” IEEE Multimedia, vol. 12, Apr.-Jun. 2005, pp. 70-79

[6] D. Wu, C. Li, and D. Yao," Scale-Free Music of the Brain," PLoS One,
vol.4, no. 6, 2009, pp. e5915.

[71 G. Baier, T. Hermann, and U. Stephani, "Event-based sonification of
EEG rhythms in real time," Clinical Neurophysiology, vol.118, no. 6,
2007, pp. 1377-1386.

138

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

D. Wu, C. Li, Y. Yin, C. Zhou, and D. Yao, "Music Composition from
the Brain Signal: Representing theMental State by Music,"
Computational Intelligence and Neuroscience, 2010, Article ID 267671.

E.R. Miranda, "Plymouth Brain-Computer Music Interfacing Project:
from EEG Audio Mixers to Composition Informed by Cognitive
Neuroscience," Int. J. Arts and Technology, vol. 3, 2010, pp. 154-176.

E. R. Miranda and A. Brouse, “Interfacing the brain directly with
musical systems: on developing systems for making music with brain
signals,” LEONARDO, vol. 38, no. 4, Sep. 2005, pp. 331-336.

D. Wu, Y. Liu, and D. Yao, "Listening to the Brain in Real Time-The
Chengdu Brainwave Music," Journal of Electronic Science and
Technology of China, vol.7, no. 1, 2009, pp. 34-49.

C. Bedard, H. Kroger, and A. Destexhe, “Does the 1/f frequency scaling
of brain signals reflect self-organized critical states?” Physical Review
Letters, vol. 97, Sep. 2006, p. 118102.

W.T. Fitch and G. Kramer, “Sonifying the body electric: superiority of
an auditory display over a visual display in a complex, multivariate
system,” in Auditory Display-Sonification, Audification, and Auditory
Interfaces, New Jersey: Addison-Wesley, 1994, pp. 307.

E. Jovanov, K. Wegner, V. Radivojevic, D. Starcevic, M. S. Quinn, and
D. B. Karron, “Tactical audio and acoustic rendering in biomedical
applications,” IEEE Transactions On Information Technology In
Biomedicine, vol. 3, no.2, Jun. 1999, pp. 109-118.

Y. L. Levin, “Brain music in the treatment of patients with insomnia,”
Neuroscience and Behavioral Physiology, vol. 28, no. 3, May-June 1998,
pp. 330-335.

E. Niedermeyer and F. H.Lopes da Silva, “Electroencephalography:

Basic Principles, Clinical Applications and Related Fields,” Williams
and Wilkins: Baltimore, 1998.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /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 false
  /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
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /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 200
  /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 400
  /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

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Required"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


