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Abstract—The simultaneous measurement of neuro-functional
MRI and EEG provides the opportunity to investigate both
haemodynamic and electrical activity in the human brain non-
invasively. This multimodal technique makes it possible to com-
bine the advantages of EEG (millisecond temporal resolution)
with those of fMRI (millimeter spatial accuracy). However, the
combination of EEG and fMRI suffers also from their limitations:
there is no clear relationship between neuronal acitivity, the
EEG and the fMRI signals; mismatches are observed between
EEG and fMRI analyses and there are experimental limitations.
In this study we present a qualitative analysis of simultaneous
acquired EEG/fMRI data from a single subject performing the
Stroop task. The EEG data and the fMRI time series are
processed separately focused on the motor responses. We apply a
beamformer spatial filter to the EEG data to localize the electrical
activity corresponding to the motor responses of the right and
the left hand. The areas of maximum electrical activation are
compared with the fMRI activation clusters. Both analyses show
activation around the primary motor cortex. These results are
an indication to start with a more sophisticated and integrated
analysis of simultaneous acquired EEG/fMRI data during the
Stroop task.

I. INTRODUCTION

Several imaging modalities exist to study human brain
function non-invasively, i.e. to localize and determine the
temporal dynamics of neural activity without involving entry
into the body. Electroencephalography (EEG) allows studying
brain activity on a time scale similar to specific neural events
(ms) by measuring electrical potentials on the scalp. Different
source localization techniques try to determine the underlying
neural sources out of these potentials but are mostly unreliable
by lack of a golden standard.

Neural activity is accompanied by an increased oxygen
consumption. Due to the hemodynamic coupling the electrical
active regions are supplied with oxygen rich blood. Neuro-
functional magnetic resonance imaging (fMRI) provides the
opportunity to identify the regions of local increased oxygen
supply based on the different magnetic properties of oxyhe-
moglobin and deoxyhemoglobin. FMRI analysis obtains good
spatial resolution of neural activity (mm) but the temporal
resolution is limited (2-5s).

It is now generally accepted that the integration of fMRI and
electromagnetic measures of brain activity has an important
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role in characterizing evoked brain responses [3]. EEG/fMRI
analysis tries to combine the advantages of EEG (high tem-
poral resolution) with those of fMRI (high spatial resolution).
Howeyver, the combination of both modalities suffers also from
their limitations[1].

First of all there is no clear relationship between neuronal
activity, the EEG and the fMRI signals. The scalp topology
of measured electrical potentials does not, without additional
information, uniquely specify the location of underlying bio-
electric activity. Conversely, even though fMRI discloses com-
plementary features of neuronal activity, it is only an indirect
measure, through metabolism, oxygenation and blood flow [5].

There are observed mismatches between EEG and fMRI
These can be interpreted as a decoupling between the elec-
trophysiological and the hemodynamic activity or as a signal
detection failure [5] .

Moreover, simultaneous EEG and fMRI suffers from experi-
mental limitations. For the EEG signal, the signal to noise ratio
(SNR) degrades due to acquisition inside the MR scanner. The
biological signal of interest is obscured by different artifacts
related to the MR field strength such as the image acquisition
artifact and cardiac related artifact [6]. Finally, artifacts due to
motion of the subject in the MR scanner can be catastrophic.

Despite these limitations, this study presents a qualitative
analysis of simultaneous acquired EEG/fMRI data from a
single subject performing the Stroop task. In brief, the Stroop
task or test is a psychological test of our mental (attentional)
vitality and flexibility [2]. The task is based on our ability to
read words more quickly and automatically than we can name
colors [2]. If a word is displayed in a color different from
the color it actually stands for, e.g. the word “’blue” written in
green ink (shown in Figure 1a), the word “’blue” is more easily
read than the color in which it is displayed can be named. This
kind of stimuli are called incongruent.

The paradigm we used in this study consisted of both
congruent and incongruent stimuli that were presented to
the subject. The subject was instructed to name either the
color or the word by pressing one of four buttons, each
associated with a color. We focused on the corresponding
motor activity with the aim to compare the results of fMRI



and EEG data processing and to evaluate the simultaneous
acquired EEG(/fMRI) signal quality.

BLUE GREEN

(a) Congruent stimulus

BLUE GREEN

(b) Incongruent stimulus

Fig. 1: Stroop task illustration

II. METHODS
A. EEG/fMRI data aquisition

One female, age 25, participant without a history of psy-
chopathology completed a color-word Stroop task adminis-
tered during a simultaneous EEG/fMRI session. fMRI data
were collected using a research-dedicated 3T Siemens (TiM
TRIO) MRI scanner and an MR-compatible Brain Products
EEG system. The EEG was recorded with a 32-channel cap,
with Ag/AgCl electrodes spaced according to the 10-20 system
and one ECG electrode to monitor the heart rate. Thirty one
referenced EEG channels were used in the analyses.

The color-word Stroop task consisted of 12 blocks of
alternating color naming or word naming tasks. In every block
there were 12 congruent trials, 12 incongruent trials and 6 null
events. For each block of trials, the sequence of the congruent
or incongruent trials was randomized. Each trial consisted of
one word presented in one of four ink colors (red, yellow,
green and blue). The trials started with a fixation cross for
1000 ms followed by the presentation of a word. The words
were presented via back projection onto a screen outside the
scanner bore and a mirror fixed to the head coil.

There were four buttons, two at each side of the participant,
that had to be controlled by the left middle finger (for blue
responses), the left index finger (for yellow responses), the
right index finger (for green responses) and the right middle
finger (for red responses). Once a response was given a
variable fixation cross period followed. The total length of
the trials was 5000 ms on average and ranged from 3400 to
6600 ms.

Seven hundred and forty images were acquired using a
gradient echo-planar imaging (EPI) sequence (TR = 2500 ms).
Before the EPI sequence, a 176 slice MPRAGE structural
image was acquired for registering the participant’s functional
data to standard space.

The EEG signals were sampled at 2000 Hz and a Brainvi-
sion syncbox (Brainproducts) was used to ensure the synchro-
nized sampling between the EEG system and the MR scanner
sequence.

B. Analysis of neuro-functional MRI

The analysis of fMRI data was performed using stan-
dard techniques in SPM 8 ("http://’www.fil.ion.ucl.ac.uk/-
spm/software/spm8/”’). The functional images were motion
corrected, coregistered with the structural image and smoothed
using a 8§ mm Gaussian kernel. To determine the areas of
significant BOLD contrast we used the general linear model.
Therefore several regressors were calculated based on the

onsets of different responses including the correct blue (left
middle finger), yellow (left index finger), green (right index
finger) and red (right middle finger) responses, the incorrect
responses and some instructional onsets. The realignment
parameters of the preprocessing were also included.

Each regressor yielded a per-voxel effect-size parameter (3)
estimate map representing the magnitude of activity that was
associated with the regressor. In order to examine the motor
activation corresponding with the responses of the subject, the
[ values for the correct left hand responses were contrasted
with those for the correct right hand responses. Finally, areas
of significant contrast (p < 0.05 (FWE)) were identified in the
the resulting T-statistical map.

C. EEG preprocessing and source localization using beam-
formers

1) Artifact removal and segmentation: Brain Vision An-
alyzer software (Brainproducts) was used for correction of
the image acquisition artifact and cardiac related artifact (also
known as the gradient and ballistocardiographic or pulse
artifact respectively) as described in [6], [8].

By using the Brainvision Syncbox the EEG sections with
imaging artifact were marked. To correct for the image acqui-
sition artifact, the marked intervals were averaged, and their
means were subtracted from each interval. For every interval
an average of 21 marked intervals was used, incorporating the
10 earlier and the 10 subsequent intervals. In addition, a 30-
Hz low-pass filter was included in the subtraction algorithm
to facilitate visual inspection of the corrected EEG.

After downsampling to 500 Hz, the pulse artifact subtraction
was applied with a procedure that works analogously to
the imaging artifact removal by averaging the EEG signal
synchronized to the ECG. By doing an independent component
analysis we saw that one component was heavily related to eye
movements so this component was filtered out.

A response locked segmentation (-300 ms to 300 ms around
the response) of the correct left and right hand trials was
performed. Afterwards baseline correction was done, taking
the baseline 200 ms before each stimulus. The segments
were visually inspected for eye movement. gross motion and
other artifacts leaving out bad segments. Finally, event related
potentials were calculated for left and right hand responses
by averaging all the left hand segments (125) and right hand
segments (114).

2) Source localization using beamformers: A source anal-
ysis technique that is becoming more widely used is the
beamformer spatial filter [10]. It is a set of weights that are
used to spatially filter the scalp-recorded data to yield an
estimate of the source power for a specific location in the brain.
The weights are calculated to pick up signals that originate
from a specific location while simultaneously minimizing
signals that originate from other locations. The beamformer
technique provides independent estimates of source activities
at multiple locations throughout the brain, resulting in a three-
dimensional image of brain function [10] [12].
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If V(t) € R¥*" is the EEG window of interest, e.g. the
ERPs for left or right hand responses, with n the number of
samples and 31 referenced electrode channels, the beamformer
technique used in this study can be written mathematically as

[71:

minye [W(r) CW(r) + p(W(r)" SW(r))] (1)

subject to
Wr) L(r) =1 2

Here, W(r) represents the spatial filter for a specific location
r, C = V(t)V(t)T € R33! represents the data covariance
matrix and L(r) € R3*! is called the lead field which
contains the electrical fields that would be measured at each
of the 31 electrodes in response to a source of unit amplitude
sited at location r and oriented in a direction we estimated in
advance according to a method described in [9].

L(r) is therefore based on an EEG forward solution, and
for this purpose a dipolar model is used according to [11].
We calculated the lead fields based on a subject specific
realistic head model that was constructed from the structural
MR scan of the subject based on a finite difference method
with reciprocity [11].

Furthermore, p is known as the regularization parameter and
S € R31X3L jg called the resolution spread function. In this
study, we selected a resolution spread function to minimize
the uncorrelated noise across the electrodes. Therefore S was
chosen as a diagonal matrix with diagonal elements equal to an
estimation of the noise variance for each electrode. The latter
was calculated on the EEG segment obtained by averaging the
baseline periods, 200 ms before each stimulus.

Classical beamformer techniques [12] do not use the reg-
ularization term uS. This term has the advantage that each
matrix eigenvalue A; of C will be increased by each corre-
sponding po;2, with 0,2 the estimated variance of the noise
at electrode 7 and j =1 ... 31. Keeping in mind that a matrix
is only invertible when its eigenvalues are different from zero,
this is advantageous when C is singular or close to being
singular. Therefore we chose the value of p as a trade off such
that the regularization term is made low enough to provide
as much noise rejection as possible but also high enough to
ensure stable calculations of the filter weights.

The solution to Eq. (1) and (2) becomes [7]:

W(r)T = [Lr)T{C+S} L] LE{C+S} ! 3)

The main difference with the methods described in [7]
is the dipole orientation calculation in advance. The dipole
orientations were calculated on a grid (spacing 5 mm) where
each grid point was located in soft brain tissue [9].

Having calculated the weighting parameters afterwards on
the same grid, the beamformer projected power was then
derived as W(r)CW(r). To incorporate the fact that the signal
to noise ratio of source estimates declines with depth into
the head, and close to the centre of the brain, source powers
were normalized by an estimate of the noise power given

by W(r)SW(r). The normalized source power estimate is
therefore given by [7]:
W(r)CW(r)

2() = Wrswin) @

In order to measure the change in cortical power related
to left and right hand responses, a pseudo T-statistic was
calculated such that:

T(l’) _ abs {WL (I‘)CLWL (1‘) — WR(I‘)CRWR(I‘)}
Wi (r)SWy(r) + Wr(r)SWg(r)
With index L and R representing left and right hand
responses respectively.

&)

ITI. RESULTS
A. Neuro-functional MRI analysis

Figure 2 shows the results of the fMRI analysis. A contrast
is defined in which the 5 values of the correct right hand
responses are subtracted from the [ values of the correct left
hand responses. The areas of significant contrast (p < 0.05
(FWE)) are shown on the structural image of the subject and
correspond with the right primary motor cortex.

B. EEG source localization

The event related potentials corresponding with the left
and right hand responses are depicted in Figure 3. The black
vertical line shown in the figure corresponds with the response
at zero milliseconds. For completeness, the difference of both
ERPs is shown in Figure 4.

With the aim to compare the fMRI analysis with the
electrical source estimation we applied the beamformer spatial
filter technique on both ERPs (from -300 ms before till 300
ms after the response) with a p value set to 0.001. The
source orientations were estimated in advance over the same
time window. Based on Eq. (5) the sources were identified
corresponding with the highest T-values. We visualized this
in Figure 5 by presenting the grid points with T-values 60 %
above peak T-value in red and by interpolating these values in
between. These results are presented on the structural image of
the subject. Again we see activation around the right primary
cortex. The results also indicated a higher cortical power for
right hand responses which was acceptable because the subject
is right handed.

IV. DISCUSSION

In this study, we have shown that it is appropriate to
apply beamformer spatial filters to EEG data in a combined
EEG/fMRI Stroop task during motor activation. Both fMRI
and EEG analyses show activation of the right primary motor
cortex. This indicates that the EEG artifact subtraction is
acceptable regarding the identification of motor activity. The
main difference between right and left hand responses was
located in the right primary motor cortex.

If we compare the positions of the global maximum in
the T-statistical maps of the fMRI and beamformer analyses,
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(a) Coronal slice

(b) Axial slice

(c) Sagittal slice

Fig. 2: SPM fMRI analysis results
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Fig. 3: ERP of left and right hand response locked segmented
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Fig. 4: Difference of ERP potentials from left and right hand
trials

there is a difference of 2.3 cm. This difference may be due to
incompleteness of the head model or the incomplete modeling
of the electrode positions. Nevertheless, this mismatch is still
within the spatial resolution of EEG source localization.

Finally, we have to note that these analyses are performed
for just one subject so we should be careful with these
preliminary results.

V. CONCLUSION

Using beamformers [7] and a subject specific realistic head
model we were able to estimate the electrical sources in the
brain corresponding with motor activity. We showed that the
area of maximum activation could be compared with the fMRI
activation cluster in order to evaluate the observed motor
activation overlap in both modalities. Both fMRI and EEG
analyses show an activation of the primary motor cortex. This
overlap between haemodynamic and electrical activity and
moreover the opportunity to measure them simultaneously are
an indication to start with a more extensive integration strategy.

REFERENCES

[1] C. Mulert and L. Lemieux, EEG-fMRI, Physiologicall Basis, Technique
and Applications, Berlin Heidelbert, Germany: Springer-Verlag, 2010.
[2] C. M. MacLeod Half a Century of Research on the Stroop Effect: An
Integrative Review, Psychological Bulletin, 1991 Mar; 109(2), 163-203.

101



[3] J. M. Kilner and K. J. Friston Neuronal Models for EEG-fMRI Integra-
tion, EEG-fMRI, C. Mulert and L. Lemieux, 2010, Chapter 22.

[4] C. G. Bénar, A. P. Bagshaw and L. Lemieux Experimental Design and
Data Analysis Strategies, EEG-fMRI, C. Mulert and L. Lemieux, 2010,
Chapter 12.

[5] J. Daunizeau, H. Laufs and K. J. Friston EEG-fMRI Information Fusion:
Biophysics and Data Analysis, EEG-fMRI, C. Mulert and L. Lemieux,
2010, Chapter 25.

[6] P. J. Allen, G. Polizzi and K. Krakow Identification of EEG events
in the MR scanner: the problem of pulse artifact and a method for its
subtraction, Neurolmage, 1998, 8(3), 229-39

[71 M. J. Brookes, K. J. Mullinger, C. Stevenson et. al Simultaneous
EEG source localisation and artifact rejection during concurrent fMRI
by means of spatial filtering, Neurolmage, 2008, 40(3), 1090-104

[8] P.J. Allen, O. Josephs and R. Turner method for removing imaging arti-
fact from continuous EEG recorded during functional MRI, Neurolmage,
2000, 12, 230 - 339.

[9] K. Sekihara, S. S. Nagarajan, D. Poepel et al. Application of an MEG
Eigenspace Beamformer to Reconstructing Spatio-Temporal Activities of
Neural Sources, Human Brain Mapping, 2002, 15, 199 - 215.

[10] J.J. Green and J. McDonald a Practical Guide to Beamformer Source
Reconstruction for EEG, Brain Signal Analysis, 2009, 79-98.

[11] H. Hans, B. Vanrumste, P. Van Hese et al. A nite difference method
with reciprocity used to incorporate anisotropy in electroencephalogram
dipole source localization, Physics in Medicine and Biology, 2005, 50,
3787-3806.

[12] B. D. Van Veen, et al. Localisation of brain electrical activity via lin-
early constrained minimum variance spatial filtering, 1EEE Transactions
on biomedical engineering, 1997, 44, 9, 867- 880.

(a) Coronal slice

(b) Axial slice

(c) Sagittal slice

Fig. 5: Beamformer source localisation results 102




<<
  /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


