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Abstract—We present numerical simulations of frequency-
difference electrical impedance tomography (EIT) for imaging
haemorrhagic stroke inside the head adopting a multi-shell
concentric spherical head model. We performed a validation
study of a weighted frequency-difference method through three-
dimensional numerical simulations. Adopting the multi-shell
model with a frequency-dependent admittivity distribution, we
investigated the performance of the method to detect a blood
anomaly. We found that the simple frequency-difference method
fails to detect the anomaly whereas reconstructed images us-
ing the weighted frequency-difference method clearly visualize
the anomaly. We found that the weighted frequency-difference
method is robust against modeling errors since it is capable
of detecting an anomaly surrounded by shell-shaped obstacles
simulating the internal structures of the head. We propose
the weighted frequency-difference method for future studies of
animal and human experiments.
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I. INTRODUCTION

In electrical impedance tomography (EIT), we try to pro-
duce cross-sectional images of conductivity and permittivity
distributions inside the human body. Injecting weak electric
current into the body, an EIT system measures induced bound-
ary voltages affected by the electrical properties of biological
tissues. Applying an image reconstruction algorithm to the
acquired voltage data, it displays images of the conductivity
and/or permittivity distribution. Since conductivity values of
biological tissues change with their physiological and patho-
logical conditions, EIT is finding clinical applications in imag-
ing pulmonary ventilation, haemorrhagic stroke, abdominal
bleeding, breast tumor and others [5].

Reconstructed EIT images have a relatively low spatial res-
olution and may contain numerous artifacts. One of the most
successful methods to reduce the artifacts is the difference
imaging approach. In a time-difference EIT imaging method,
voltage data sets measured at two different times are utilized to
produce time-difference images. This kind of difference imag-
ing method is advantageous since a data substraction process
can cancel out unavoidable modeling errors and measurement
artifacts common to both data sets.

Though the time-difference approach has been successfully
applied to lung imaging, for example, it is not feasible for
imaging tumor or bleeding since a time-referenced voltage
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data acquired in the absence of an anomaly is not available.
Noting that different admittivity values of biological tissues
change with frequency [1], [2], we may adopt a frequency-
difference approach depending upon intended applications [3],
(41, 181, [91, [11].

Lately, Seo etal (2008) proposed a weighted frequency-
difference (WFD) algorithm instead of a simple frequency-
difference (FD) method. The WFD method uses a weighted
difference of two voltage data sets simultaneously acquired
at two different frequencies whereas the FD method uses
a simple voltage difference. They showed theoretically and
numerically that a weighted voltage difference is required for
an imaging object where its conductivity and/or permittivity
distributions surrounding an anomaly change with frequency.
Jun etal (2009) tested the WFD method in two-dimensional
numerical simulations and phantom experiments and validated
that the WFD method is superior to the FD method.

Since the EIT image reconstruction problem is inherently
three-dimensional, the proposed WFD method must be val-
idated in a three-dimensional setting. In this paper, we per-
formed a numerical simulation study of detecting a hem-
orrhagic stroke in a three-dimensional human head model.
We considered a blood anomaly located in a four-shell con-
centric spherical head model representing the scalp, skull,
cerebrospinal fluid (CSF) and brain. We will show how this
multi-shell model with different tissue conductivity values
influences the performance of the frequency-difference EIT
method.

II. METHODS
A. Settings for Numerical Simulations

We considered the following four-shell spherical model in
cm unit:

| 9.22 < 22 + 9% + 22 < 10%}
x, | 8.72 < 2? + y% + 22 < 9.2%}
z,y,2)| 8.3% < 2® +y? + 22 < 8.7%}
o Layer 4 = {(x,y, 2)| 2% +y* + 22 < 8.3?}

e Layer 1 = {(z,v, 2

(=9, 2)
e Layer 2 = {(z,v, 2)
e Layer 3 = {(
(
The layers 1 to 4 correspond to the scalp, skull, cere-

brospinal fluid (CSF) and brain, respectively (Fig. 1(a)). We
attached twenty seven electrodes on the outmost surface of the
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Fig. 1: (a) Sphere model with four layers. The blood anomaly was located
on the left of the head. (b) The pattern of current injections and voltage
measurements in the view from the bottom. The red area represents the blood
anomaly.
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Fig. 2: Conductivity spectra of head tissues [6].

layer 1 according to the international 10-20 system (Fig. 1(b)).
We considered the following two cases:

e Case 1 : we set the conductivity of the layer 2 as that of
the skull and other layers have the conductivity of the brain.

e Case 2 : for all four layers, we set their conductivities
as those of the scalp, skull, CSF and brain, respectively.

We used conductivity values of the head tissues as shown
Fig. 2. We located a spherical blood anomaly at (0, 4.0, 4.5)
in the left part of the head (Fig. 1(a)). The volume of the
blood anomaly was 0.8% of the total volume of the sphere.
We used a spiral data collection protocol with adjacent current
injections and adjacent voltage measurements as illustrated in
Fig. 1(b). In all simulations, we used five frequencies of 1, 5.6,
10, 56 and 100 kHz and added Gaussian noise of 20 dB signal-
to-noise ratio (SNR) in voltage data. We produced frequency-
difference images using the FD and WFD methods between
two consecutive frequencies.

B. Image Reconstructions

We assume a three-dimensional imaging object denoted
as ) with its boundary Of). Attaching electrodes E; for
j=1,--- L on 09, we inject a sinusoidal current 7 sin(wt)
between a neighboring pair of electrodes E; and E;_q. This
induces a complex harmonic voltage u/, satisfying Eq. (1)
where r is the position vector, z; the contact impedance of the
electrode Ej, n the outward unit normal vector on OS2, Vj’k
is the complex voltage on the surface of the electrode Ej, and
Y. the admittivity at frequency w. We denote a data vector of
measured boundary voltages as a column vector f; ,, = | gi]
where f] h VJ _— VJ *=1 at time ¢ and angular frequency
w where j and k are indices of the current-injection electrode
pair and the voltage-measuring electrode pair, respectively. In
this paper, all indices follow modulo operations, for example,
L+1—1

V- (1) Vi, (r) = 0 in Q

ul (v )—i—zk'ywauarfr)) =Vi* on Ey, k=1,...,L

wﬁaug}fr) =0 on 0N\ Uﬁzl Ey
auj . . .
S 2B ds =0 if ke {l,...,LN\{j — 1,5}

oul(x) ;o _ 7 _ oud, (r)
ij Yw uOn ds=1=— ij,l u(’)n ds
(1)

In the FD approach, we may first consider using a simple
voltage difference f; ., —f; ., at time ¢. We tentatively assume
that the object is homogeneous, that is, 7, (r) = ~,, and
Vs () = 7Yw,. Since we assume in this paper that the admit-
tivity changes with frequency, we should note that ~,,, # V...
With 4,,, and 4,,,, we denote the complex voltages satisfying
Eq. (1) with v,, and ~,, replacing 7,(r), respectively. We
let ftm and ftm be the corresponding complex voltage data
vectors at w; and ws, respectively. Since Eq. (1) becomes
the Laplace equation with the same boundary data for the
homogeneous cases, 7., f: ., is parallel to v,,f; ., and we
may express ., = (’YW2 )f; ., Even for the homogeneous

o
case without any anomaly, fm,,2 f, w, 7 0if 7,(r) changes
with w. Therefore, nonzero values of f; ., — f; ., should be
attributed to a global frequency-dependent admittivity change
as well as a local change of an anomaly. Preferably, the
frequency-dependent local change should be different from the
frequency-dependent global change.

Let’s assume that there exists a small anomaly inside a
homogeneous imaging object. The admittivity of the anomaly
differs from those of the background region at one or both
of w; and wsy. From the smallness of the anomaly, we may

approximate a nonzero voltage difference f; .,

—fiu, = (1— 1) f; ... Effects of the local anomaly

ft ,w1 ~

ft W2

in the nonzero voltage difference f; ., — f; ., will be easily

overwhelmed by the global change term (1‘”2 1) £, We
should note that the global change term is proportional to
the voltage data itself f; ., . This may result in increased
image artifacts since the data subtraction process to cancel



out common errors does not operate.

The WFD method tries to annihilate the global change term
to enhance the local contrast of the anomaly. We decompose
£ 0, = afy o, + (£ ., —ofi ., ) where « is a complex number.
We may assume that of; ., is a component of f; ,,, which was
mostly affected by the global admittivity change [7],[10]. To
remove the global change term as much as possible, Seo et
al. (2008) suggested to determine « which minimizes ||f; ., —
aft ., ||. Since this is equivalent that f; ,, and f; ,, — af; .,
are orthogonal to each other, the optimal value a* is

* < ft,w27ft,w1 >
< ft7w1 ) ft,w1 >

where < -,- > is the inner product. In the WFD method,
we use the weighted difference f; ., — a*f; ., to produce a
frequency-difference EIT image.

The sensitivity matrix was produced by the homogeneous
sphere supposed to v(r) = 1 for all cases. So modeling errors
caused by disagreement between a homogeneous sphere and a
spherical model with 4 layered concentric shells were included
in the computation of sensitivity matrix. We used the same
sensitivity matrix for all cases. We used the singular value
decomposition (SVD) of the matrix as J = UXV* where U
and V are orthogonal matrices, * the Hermitian of a matrix
and X a diagonal matrix of singular values. We produced a
reconstructed image gy by the Tikhonov solution of

gy = VI 'UAf

where 2)_\1 is a diagonal matrix. The ith diagonal element
of =11 is 525z for a positive constant A and the ith
diagonal element s; of 3. The voltage difference Af is one of
fr.0 —f0.0, ft 0w, — £, and £ o, —a™f; . The regularization
parameter \ satisfies gy = argming ||[Jg — Af[|? + \?||g]?.
We used Matlab (The Mathworks Inc., USA) for all compu-
tations and image generations. In each reconstructed image,
we identified the anomaly as the biggest blob over the half-
maximum conductivity change.

III. RESULTS

We plot a reconstructed conductivity image in the view
shown in Fig. 1(b). All images are shown in the axial plane
passing through the center of the reconstructed anomaly. We
considered the biggest blob over the half-maximum value as
a reconstructed anomaly.

A. Images of Case 1

In the FD method, the global conductivity change around
the skull layer strongly appeared all over the reconstructed
images. The WFD method detected the blood anomaly on the
left side with a small amount of artifacts. We can see that the
modeling errors caused by ignoring the existence of the layer
2 shifted the reconstructed anomaly toward the left side and
overestimated the size (Fig. 3).
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Fig. 3: (a) Axial images using the FD and WFD methods for Case 1. (b)
Profiles passing through the center of the reconstructed anomaly. For each
frequency-difference image, we used a reference frequency as the one just
below the marked frequency.
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Fig. 4: (a) Axial images using the FD and WFD methods for Case 2. (b)
Profiles passing through the center of the reconstructed anomaly. For each
frequency-difference image, we used a reference frequency as the one just
below the marked frequency.

B. Images of Case 2

Using the WFD method, we could successfully visualize the
blood anomaly on the left side. However, we can observe more
artifacts near the boundary and the anomaly position is shifted
a little toward the posterior part. The FD method failed to
detect the blood anomaly since the global conductivity change
between two chosen frequencies dominated (Fig. 4).



IV. DISCUSSION AND CONCLUSION

We compared the FD and WFD methods in terms of their
performance to detect a blood anomaly located in a four-
shell concentric spherical head model. In frequency-difference
imaging of stroke in the head, we must consider the inhomo-
geneous frequency-dependent conductivity distribution in the
head. We found that the WFD method is always superior to
the FD method when the background conductivity changes
with frequency. From reconstructed FD images, we found
that the artifacts due to the global change in the background
conductivity with respect to frequency are more severe than
those related with modeling errors we tested in this paper.
The shell-shaped layer of a lower conductivity value tend
to attenuate current densities inside the shell. We speculate
that this caused the overestimation of the diameter of the
reconstructed anomaly in WFD images in Fig. 3. We may
attribute noticeable artifacts in images shown in Fig. 4 to the
CSF conductivity which is almost ten times higher than those
of the brain and other two layers (layer 2 and 3).

Since we produced the sensitivity matrix from a spherical
model with a homogeneous conductivity distribution, our
results must include modeling errors. The WFD method could
handle such modeling errors and successfully detect the blood
anomaly. In our future study, we plan to investigate a realistic
head-shaped model followed by animal and human imaging
experiments of the WFD method.

ACKNOWLEDGMENTS

This work was supported by the NRF grant (2009-0071225)
and the Biolmaging research center at GIST. E J Woo was
supported by the NRF grant (20100018275).

REFERENCES

[1] S. Gabriel, R. W. Lau and C. Gabriel, “The dielectric properties of
biological tissues: II. measurements in the frequency range 10 Hz to
20 GHz”, Phys. Med. Biol. 41, pp.2251-2269, 1996.

[2] L. A. Geddes and L. E. Baker, “The Specific Resistance of Biological
Material - A Compendium of Data for Biomedical Engineer and Bphys-
iologist”, Med. & biol. Engng. 5, pp.271-293, 1967.

[3] H. Griffiths and A. Ahmed, “A dual-frequency applied potential tomog-
raphy technique: computer simulations”, Clin. Phys. Physiol. Meas. 8,
pp.103-107, 1987.

[4] H. Griffiths and Z. Zhang, “A dual-frequency electrical impedance to-
mography system”, Phys. Med. Biol. 34, pp.1465-1476, 1989.

[5] D. Holder (ed.) Electrical Impedance Tomography: Methods, History and
Applications (Bristol, UK: IOP Publishing), 2005

[6] L. Horesh, “Some Novel Approaches in Modelling and Image recon-
struction for Multi-Frequency Electrical Impedance Tomography of the
Human Brain”, Ph.D Thesis, UCL, 2006.

[71 S. C. Jun, J. Kuen, J. Lee, E. J. Woo, D. Holder and J. K. Seo,
“Frequency-difference EIT (fdEIT) using weighted difference and equiv-
alent homogeneous admittivity: validation by simulation and tank exper-
iment”, Physiol. Meas. 30, pp.1087-1099, 2009.

[8] A. McEwan, A. Romsauerova, R. Yerworth R, L. Horesh, R. Bayford
and D. Holder, “Design and calibration of a compact multi-frequency EIT
system for acute stroke imaging”, Physiol. Meas. 27, S199-210, 2006.

[9] A.Romsauerova, A. McEwan, L. Horesh, R. Yerworth, R. H. Bayford and
D. S. Holder, “Multi-frequency electrical impedance tomography (EIT)
of the adult human head: initial findings in brain tumours, arteriovenous
malformations and chronic stroke, development of an analysis method
and calibration”, Physiol. Meas. 27, S147-161, 2006.

[10] J. K. Seo, J. Lee, S. W. Kim, H. Zribi and E. J. Woo, “Frequency-
difference electrical impedance tomography (fdEIT): algorithm develop-
ment and feasibility study”, Physiol. Meas. 29, pp.929-944, 2008.

[11] R. J. Yerworth, R. H. Bayford, B. Brown, P. Milnes, M. Conway and
D. S. Holder, “Electrical impedance tomography spectroscopy (EITS) for
human head imaging”, Physiol. Meas. 24, pp.477-489, 2003.




<<
  /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


