NFSI & ICBEM, Banff, Canada, May 13-15, 2011

MEG-based Brain Functional Connectivity Analysis Using
eConnectome

Yakang Dai and Bin He
Department of Biomedical Engineering, University of Minnesota, Minneapolis, MN, USA
Correspondence: binhe@umn.edu

Abstract — eConnectome (electrophysiological Connectome)
is an open-source MATLAB software platform with graphical
user interfaces for mapping and imaging brain functional
connectivity from electrophysiological signals including EEG,
ECoG and MEG. We introduce the software platform and
report the newly included functionality of MEG connectivity
analysis. Simulated and real MEG data were analyzed using
the eConnectome. The results indicate the validity of the
eConnectome for brain activity and connectivity mapping from
MEG data.

I. INTRODUCTION

The brain activity and neuronal network behavior provide
important physiological and psychological information. It is
significant to map brain activity and image brain functional
connectivity to understand the brain functions and
dysfunctions [1]. Electrophysiological signals including
electroencephalogram (EEG), electrocorticogram (ECoG)
and magnetoencephalogram (MEG) are widely used to
reveal dynamic activity and functional connectivity of the
brain due to their excellent temporal resolution on the order
of milliseconds. Significant achievements have been made
for mapping the brain activity [2], [3]. However, the brain
activity mapping at every instant alone does not convey
sufficient information regarding how brain regions
communicate with each other. The brain functional
connectivity thus plays an important role in understanding
the organized behavior of brain regions beyond mapping and
localization of their activities [4].

A number of methods can be used to assess the functional
connectivity among different brain regions. The widely used
directed transfer function (DTF) [5] is a method for
extracting directional connectivity from multivariate time
series data, and considers the multivariate time series as a
stationary process. Previous studies have demonstrated its
applications to study causal sources in normal brain
functions [6], [7] or abnormal brain disorders [8], [9].
However, the process of real electrophysiological recordings
may be dynamic, and the adaptive DTF (ADTF) [10] can
then be used to extract time-varying directional connectivity.
The ADTF has been demonstrated to hold the promise to
reveal dynamic brain functional connectivity [10], [11].
Partial directed coherence (PDC) [12] and direct DTF
(dDTF) [13] have also been proposed to estimate directional
connectivity.
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eConnectome is a free and open-source MATLAB
software developed by our lab for mapping and imaging
brain functional connectivity [14]. The visualization module
was jointly developed with Drs. Fabio Babiloni and Laura
Astolfi at the University of Rome “La Sapienza”. The
eConnectome provides graphical user interfaces for
interactive analysis of electrophysiological signals, including
preprocessing,  spatial mapping, source  imaging,
connectivity estimation and visualization. There are many
related software packages for analyzing brain activity from
electrophysiological data, including EEGLAB [15],
FieldTrip (http://fieldtrip.fcdonders.nl/), NUTMEG [16] and
Brainstorm [17]. Compared to these software packages, a
unique feature of the eConnectome toolbox is that it
provides a flexible and easy-to-use platform to image brain
functional connectivity and visualize functional connectivity
patterns at both the sensor and source levels based on the
standard Montreal Neurological Institute (MNI) brain [18] or
a user-defined anatomy. The toolbox is aimed at addressing
where, when and how neuronal assemblies are activated and
coordinated, and allows wusers to obtain integrated
connectivity visualization results. The first full version of the
eConnectome supporting connectivity analysis from EEG
and ECoG was released on August 19, 2010 [14]. The
functionality of connectivity analysis from MEG was
recently developed. In this paper, the functionality of
EEG/ECoG connectivity analysis is introduced briefly, and
the functionality of the MEG connectivity analysis and the
methods implemented are described. Representative MEG
analysis results from simulated and real data are presented.

II. METHODS

A. EEG/ECoG Connectivity Analysis

The framework of the eConnectome is illustrated in Fig.
1. Major functions in EEG/ECoG connectivity analysis
include EEG/ECoG preprocessing, scalp/cortex spatial
mapping, cortical source estimation, connectivity estimation
and visualization. Granger causality measures including
DTF and ADTF were implemented to estimate the
directional interactions of brain functional networks, over
the scalp and cortical sensor spaces. Cortical current density
inverse imaging was implemented using a generic realistic
geometry brain-head model from scalp EEGs. Granger
causality could be further estimated over the cortical source
domain from the inversely reconstructed cortical source



signals as derived from the scalp EEG. Estimated
connectivity can be visualized over a realistic geometry
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scalp or cortex surface.
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Fig. 1. The framework of the eConnectome. The electrophysiological
signals including EEG, ECoG and MEG can be preprocessed before
further analysis. Connectivity analysis of the preprocessed multi-
channel EEG/ECoG/MEG data can then be performed at the sensor
level. Cortical sources can be reconstructed from EEG/MEG data and
then connectivity analysis can then be performed at the source level.

B. MEG connectivity Analysis

As illustrated in Fig. 1, preprocessing, source imaging and
connectivity analysis can be integrated to analyze functional
connectivity from MEG data at the sensor level, as well as
the source level.

Multi-channel MEG data can be preprocessed in the time
domain (e.g. artifact rejection, baseline correction, filtering).
Time-frequency representation of each channel in a trial can
be calculated using the Complex Morlet’s wavelet [19] and
visualized. Paradigm-related analysis and non-phase-locking
type of analysis are available to obtain event-related fields
(ERF) and event-related synchronization/desynchronization
(ERD/ERS) [20], respectively.

MEG sensors are co-registered with the standard MNI
brain. The cortical current density (CCD) source model is
used to solve the inverse problem from the MEG sensors to
cortical source distribution using minimum norm estimate
(MNE) or lead field weighted minimum norm (WMN)
algorithm. The lead field matrix is computed using the single
sphere method [21] and the solution of MNE or WMN is
derived using Tikhonov regularization in the regularization
toolbox [22]. Cortical sources for a user-defined anatomy
can also be reconstructed with the relative user-defined lead
field matrix. Representative sources for the regions of
interest (ROIs) can then be computed for cortical ROI
connectivity analysis.

The DTF and ADTF [10] algorithms were implemented
for the estimation of functional connectivity among MEG
sensors or cortical ROIs. Statistic evaluation of the
connectivity is conducted using the surrogate approaches
[8]. Connectivity patterns among MEG sensors can be
visualized over the MEG cap surface, while connectivity
patterns among cortical ROIs can be visualized over a
realistic geometry cortex surface.
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C. Experiments and Results
1) Cortical Source Connectivity Analysis

Cortical source connectivity can be estimated from source
imaging results. We simulated two fixed dipole sources at
the MNI cortex with orientations perpendicular to the local
cortical surface. The waveform of source 1 is a segment of
real interictal ECoG spikes of 3 s sampled at 400 Hz, while
the waveform of source 2 was generated based on a
multivariate autoregressive model such that source 1 was the
primary driver and source 2 was the sink. Locations and
orientations of the MEG sensors and the MEG fiducial
locations were from real MEG recordings. The MEG sensors
were co-registered into the cortical space and continuous
MEG (Fig. 2(a)) was generated by solving a MEG forward
problem [21] with the addition of 10% Gaussian white noise.
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Fig. 2. (a) Waveforms of the simulated MEG. (b) Field map over the
MEG sensors at a peak of the waveforms. (c) Cortical sources at the
peak. (d) Directional information flow from source 1 to source 2
identified by DTF analysis.

The simulated MEG was processed in the eConnectome
by forward modeling, followed by cortical source
reconstruction using the MNE method. Field mapping over
the MEG sensors and cortical source imaging at a peak of
the waveforms are illustrated in Fig. 2(b) and Fig. 2(c),
respectively. The visualization threshold for the source
image was 50%. Two regions in agreement with the
simulated dipole locations displayed significant source
activity and thus were selected as source ROIs. Source
waveforms at the two ROIs (Fig. 2(c)) were estimated, and
the DTF analysis (Fig. 2(d)) showed directional information
flow from source 1 to source 2 (p < 0.05), which is
consistent with the simulation setting.

2) Analysis of Real MEG Data from Thumb Stimulation

Real MEG data from right thumb stimulation were
analyzed. The somatosensory MEG recordings sampled by
CTF machine (151 axial gradiometers) at 1250 Hz were
made available by Dr. Sabine Meunier (Hopital de la
Salpetriere, Paris) as part of the tutorial dataset distributed
with Brainstorm [17]. The multi-channel waveforms and



butterfly/GFP (global field power) of the average response
for the right thumb stimulation are shown in Fig. 3(a) and
Fig. 3(b), respectively. MEG field mapping and cortical
source imaging at the GFP peak (44 ms) are shown in Fig.
3(c) and Fig. 3(d), respectively. The visualization threshold
for the source image was 80%. The identified source was
approximately in the middle of the Ileft primary
somatosensory cortex, which agrees with the right thumb
stimulation pattern.

4]
Fig. 3. (a) Multi-channel waveforms of the average response for the
right thumb stimulation. (b) Butterfly and global field power of the
average response. (¢) Field map over the MEG sensors at the peak. (d)
Cortical source at the peak.

III. DISCUSSION

eConnectome is a useful software platform for analyzing
activity and functional connectivity of the brain from
electrophysiological signals including EEG, ECoG and
MEG. It can be used to analyze directional connectivity
among electrophysiological sensors, as well as cortical ROIs
with the aid of cortical source imaging. Constant directional
connectivity from stationary electrophysiological recordings
can be estimated using the DTF method, while dynamic
directional connectivity can be estimated using the ADTF
method. Multi-style connectivity patterns including
directional information flows, total outflows and total
inflows can be visualized vividly at the sensor or source
level. The functionality of the software platform will be
enhanced gradually in the future to further facilitate brain
functional connectivity analysis.

ACKNOWLEDGEMENT

We are grateful to Drs. Fabio Babiloni and Laura Astolfi
at the University of Rome “La Sapienza” for contributions to
the visualization module.

REFERENCES

A. A. loannides. Dynamic functional connectivity. Curr Opin
Neurobiol. 2007;17:161-170.

(1]

11

(2]

[6]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

(21]

[22]

B. He, J. Lian. Electrophysiological Neuroimaging. In He B (Ed):
Neural Engineering, Kluwer Academic/Plenum Publishers. 2005;221—
262.

B. He, Z. Liu. Multimodal functional neuroimaging: integrating
functional MRI and EEG/MEG. IEEE Rev Biomed Eng. 2008;1:23—
40.

F. Varela, J. P. Lachaux, E. Rodriguez, J. Martinerie. The brainweb:
phase synchronization and large-scale integration. Nat Rev Neurosci.
2001;2(4):229-239.

M. J. Kaminski, K. J. Blinowska. A new method of the description of
the information flow in the brain structures. Biol Cybern.
1991;65:203-210.

F. Babiloni, F. Cincotti, C. Babiloni, F. Carducci, D. Mattia, L.
Astolfi, A. Basilisco, P. M. Rossini, L. Ding, Y. Ni, J. Cheng, K.
Christine, J. Sweeney, B. He. Estimation of the cortical functional
connectivity with the multimodal integration of high-resolution EEG
and fMRI data by directed transfer function. Neurolmage.
2005;24:118-131.

L. Astolfi, F. Cincotti, D. Mattia, M. G. Marciani, L. A. Baccala, F. de
Vico Fallani, S. Salinari, M. Ursino, M. Zavaglia, L. Ding, J. C.
Edgar, G. A. Miller, B. He, F. Babiloni. Comparison of different
cortical connectivity estimators for high-resolution EEG recordings.
Hum Brain Mapp. 2007;28(2):143-157.

L. Ding, G. A. Worrell, T. D. Lagerlund, B. He. Ictal source analysis:
localization and imaging of causal interactions in humans.
Neuroimage. 2007;34(2):575-586.

C. Wilke, W. van Drongelen, M. Kohrman, B. He. Neocortical seizure
foci localization by means of a directed transfer function method.
Epilepsia. 2010;51(4):564-572.

C. Wilke, L. Ding, B. He. Estimation of time-varying connectivity
patterns through the use of an adaptive directed transfer function.
IEEE Trans Biomed Eng. 2008;55(11):2557-2564.

C. Wilke, W. van Drongelen, M. Kohrman, B. He. Identification of
epileptogenic foci from causal analysis of ECoG interictal spike
activity. Clin Neurophysiol. 2009;120(8):1449-1456.

L. A. Baccala and K. Sameshima. Partial directed coherence: a new
concept in neural structure determination. Biol. Cybern.
2001;84(6):463-474.

A. Korzeniewska, M. Manczak, M. Kaminski, K. Blinowska, S.
Kasicki. Determination of information flow direction between brain
structures by a modified directed transfer function method (dDTF). J
Neurosci Methods. 2003;125:195-207.

B. He, Y. Dai, L. Astolfi, F. Babiloni, H. Yuan, L. Yang.
eConnectome: A MATLAB toolbox for mapping and imaging of brain
functional connectivity. J Neurosci Methods. 2011;195(2):261-269.
A. Delorme, S. Makeig. EEGLAB: an open source toolbox for
analysis of single-trial EEG dynamics including independent
component analysis. J Neurosci Methods. 2004;134(1):9-21.

S. S. Dalal, J. M. Zumer, V. Agrawal, K. E. Hild, K. Sekihara, S. S.
Nagarajan. NUTMEG: A neuromagnetic source reconstruction
toolbox. Neurol Clin Neurophysiol. 2004;2004:52.

F. Tadel, S. Baillet, J. C. Mosher, D. Pantazis, R. M. Leahy.
Brainstorm: A user friendly application for MEG/EEG analysis.
Comput Intell Neurosci. [In Press]. http:/neuroimage.usc.edu
/brainstorm

D. L. Collins, P. Neelin, T. M. Peters, A. C. Evans. Automatic 3D
intersubject registration of MR volumetric data in standardized
Talairach space. ] Comput Assist Tomogr. 1994;18:192-205.

L. Qin, B. He. A Wavelet-based time-frequency analysis approach for
classification of motor imagery for brain-computer interface
applications. J Neural Eng 2005;2(4):65-72.

H. Yuan, A. J. Doud, A. Gururajan, B. He. Cortical Imaging of Event-
related (de)Synchronization during Online Control of Brain-computer
Interface Using Minimum-norm Estimates in the Frequency Domain.
IEEE Transactions on Neural Systems and Rehabilitation Engineering
2008;16:425-431.

J. Sarvas. Basic mathematical and electromagnetic concepts of the
biomagnetic inverse problem. Phys. Med. Biol. 1987;32(1):11-22.

P. C. Hansen. Regularization Tools Version 4.0 for Matlab 7.3.
Numerical Algorithms 2007;46:189-194.




<<
  /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


