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Abstract—We may consider the electrical conductivity of a head 
tissue as a passive material property affecting the volume 
conduction process inside the head. The electrophysiology and 
bioelectromagnetism of neural activities suggest that the 
conductivity could be also a direct and instantaneous biomarker 
of a neural activity. In this paper, we review two conductivity 
imaging methods of Electrical Impedance Tomography (EIT) and 
Magnetic Resonance Electrical Impedance Tomography 
(MREIT) in the context of neuro-imaging. EIT produces cross-
sectional images of a conductivity distribution inside the human 
body with a high temporal resolution and a low spatial resolution, 
whereas MREIT visualizes the conductivity distribution with a 
high spatial resolution and a low temporal resolution. EIT is 
based on boundary measurements of induced voltages subject to 
externally injected currents from 10 Hz to 500 kHz, for example. 
MREIT utilizes internal measurements of induced magnetic flux 
density distributions subject to externally injected currents at 
frequencies below 1 kHz. MREIT requires an MRI scanner as a 
tool to acquire induced magnetic flux density data, whereas one 
may implement EIT as an inexpensive portable electronic device. 
The state of the art in EIT and MREIT indicates that neither of 
them is readily available for direct fast functional neuro-imaging 
of the brain. We summarize what kinds of technical 
breakthroughs are needed for EIT and/or MREIT to be a 
clinically useful direct functional neuro-imaging method. We also 
propose a multi-modal approach including EIT, EEG, MREIT 
and MRI. 
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I. INTRODUCTION

It is much desirable to quantitatively visualize neural 
activities inside the brain in a fast and direct way. Such a 
functional brain imaging method will have a high impact on 
neuroscience as a key research tool. Functional MRI (fMRI) 
has been applied to a wide range of neuroscience researches to 
indirectly visualize neural activities inside the brain. However, 
it still suffers from a low signal-to-noise ratio (SNR), a slow 
temporal resolution and certain ambiguity in terms of its 
interpretation [1]. Source imaging methods using EEG and 
MEG are gaining more interests since they produce real-time 
images of neural current sources, which enable direct 
monitoring of fast neural activities in the brain. Most EEG and 
MEG source imaging methods, however, lack of the 
uniqueness in solutions of the corresponding inverse problems 
and therefore require a priori information embedded in their 
solution methods. Though these direct methods have 

successfully been applied to numerous clinically important 
problems, there still exist technical difficulties including low 
SNRs in EEG and MEG measurements, global mixing of 
individual signals of internal neural current sources through the 
volume conduction process, uncertainty in the conductivity 
distribution inside the head and geometrical modeling errors [2]. 
Other functional brain imaging methods including PET, 
numerous MRI techniques, optical imaging methods and so on 
also suffer from their own technical limitations [1].  

We consider the following endogenous bioelectromagnetic 
phenomena inside the head: 
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where (r) is the conductivity at r inside the head denoted by 
 with its boundary , u is the voltage, f is the neural current 

source and n is the outward unit normal vector on .
Denoting the internal current density at 'r in  as 'J r , we 

have a magnetic flux density B r at r inside and also outside 
the head as 

0

3

' '
'

4 '
d

J r r r
B r r

r r
  (2) 

where 0 is the magnetic permeability of the free space and 
also most biological tissues. 

We note that the neural current source term f(r) in (1) is 
directly and instantaneously related with the neural activity. 
The conductivity (r) at r inside the head is determined by 
molecular composition, cellular structure, amounts of intra- and 
extra-cellular fluids, concentration and mobility of ions in those 
fluids, temperature and other factors [3,4]. As summarized in 
[5], it is also well known that neural activities alter the 
conductivity directly and instantaneously.  

Functional brain imaging must seek for f(r) and/or (r) in 
(1) to directly and instantaneously monitor neural activities in 
the brain. Measurable quantities in (1) and (2) using 
noninvasive methods include voltage u on the surface (that 
is, EEG), magnetic flux density B outside  (that is, MEG) and 
inside  (that is, MR magnitude or phase imaging). 
Measurements of B, or its z-component Bz, in (2) using an MRI 
scanner are very difficult since the endogenous Bz signal is 
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much smaller than a typical noise level of a currently available 
MRI scanner. Therefore, most existing direct source imaging 
methods rely on EEG or MEG measurements. 

In this paper, we focus on visualizing the conductivity (r)
at r inside the brain by using two impedance imaging methods 
of EIT and MREIT with intention of monitoring neural 
activities. This idea was proposed by D. Holder in his early 
paper [6] and has been a long-standing research goal [5]. After 
examining requirements and feasibility of each technique as a 
functional brain imaging method, we will consider the 
feasibility of a multi-modal approach including EIT, EEG, 
MREIT and MRI. 

II. EIT AS A FUNTIONAL BRAIN IMAGING MODALITY

In EIT, we attach multiple electrodes on the boundary 
of a three-dimensional imaging object , which is the human 
head in our case [7]. When we inject current through all or 
several chosen electrodes, the externally injected current 
induces a voltage u in  satisfying 
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where j is a magnitude of the current density on  subject to 
the injected current. Note that j is non-zero only on the 
boundary regions underneath current-injection electrodes. We 
emphasize that the voltage u in (3) is the exogenous one 
induced by the externally injected current whereas the 
endogenous voltage u in (1) is originated from internal neural 
current sources. Since there is no coherence between the 
externally injected current and internal neural current sources, 
we set the right hand side of the first equation in (3) to be zero 
in EIT, where only the exogenous voltage u is of concern to 
reconstruct images of the bulk conductivity .

One may use an EIT system to measure induced boundary 
voltages on all or several chosen electrodes. Cross-sectional 
images of the conductivity  in  can be reconstructed from its 
relation with the measured boundary current-voltage data sets 
subject to multiple injection currents. In functional brain 
imaging of EIT, it suffices to produce images of conductivity 
changes with time. The time-difference imaging in EIT takes 
the boundary voltage data at time t0 as a reference and utilizes 
voltage differences between a set of newly acquired boundary 
voltage data at time t and the reference data set. This data 
subtraction process is advantageous since it can cancel out 
modeling errors and measurement artifacts common to both 
data sets. 

As explained and demonstrated in numerous literatures [7], 
almost all EIT methods including time-difference imaging 
techniques suffer from the ill-posedness of the corresponding 
inverse problems resulting in conductivity images with a poor 
spatial resolution. Using 32 electrodes, one may expect a pixel 
size of 10 mm for an imaging object with 200 mm diameter. 
We may try to enhance the spatial resolution by increasing the 
number of electrodes but this usually makes the problem more 
ill-posed. Furthermore, voltages between neighboring electrode 
pairs get smaller as they get closer resulting in reduce SNRs in 
measured boundary voltage data. 

The most important factor to determine the feasibility of the 
time-difference EIT method as a functional brain imaging 
modality is the sensitivity of the boundary voltage with respect 
to a local conductivity change inside the brain induced by 
neural activities. Numerous previous studies indicate that the 
change in boundary voltage data measured on the head subject 
to such a conductivity change inside the brain is below an 
achievable measurement resolution in most EIT systems [5,8,9].  

Without technical breakthroughs in EIT to significantly 
enhance its measurement sensitivity, we may not be able to 
monitor brain neural activities using a currently available 
noninvasive time-difference EIT imaging method. We suggest 
EIT to estimate conductivity values of different tissues in the 
head as a passive material property. It would be worthwhile to 
incorporate this information in (1) to improve the performance 
of an EEG source imaging method. 

III. MREIT AS A FUNCTIONAL BRAIN IMAGING MODALITY

MREIT has been suggested to overcome the ill-posedness 
of the conductivity image reconstruction problem in EIT 
[10,11]. It also relies on an externally injected current to induce 
the voltage u in (3). As expressed in (2), the internal current 
density J subject to the externally injected current produces a 
magnetic flux density distribution inside as well as outside the 
head . Unlike the endogenous magnetic flux density subject 
to the internal neural current source f in (1), the induced 
exogenous magnetic flux density can be significantly larger 
since it is directly proportional to the amplitude of the 
externally injected current. 

The most distinct feature of MREIT is to measure the z-
component Bz of the induced exogenous magnetic flux density 
B inside the imaging object by using an MRI scanner with its 
main field in the z-direction. The exogenous Bz signal induced 
by the externally injected current produces phase changes in 
MR images above the noise level of the MRI scanner as long as 
the injection current amplitude is high enough. The current-
injection MRI technique [12] enables us to extract the Bz data 
in a form of a cross-sectional image for a subsequent 
conductivity image reconstruction.  

The conductivity image reconstruction in MREIT is based 
on the interrelation between the conductivity  and the z-
components Bz of the induced magnetic flux density. We note 
that the internal current density J is  

0/uJ r r r B r .

Taking the curl operation on both sides, we get 

0/ uB r r r .

Since 2 2B B B B , we have 
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From the z-component of (5), we finally get 
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The relation in (5) indicates that Bz is a complicated nonlinear 
function of the conductivity since the voltage u is a nonlinear 
function of as shown in (3). 

Reviewing recent progress in MREIT including theory, 
algorithm, experimental techniques for phantoms, animals and 
human subjects [10,11], we may conclude that MREIT can 
produce cross-sectional conductivity images with a spatial 
resolution of the adopted MRI scanner as long as the externally 
injected current generates Bz signals with enough SNR. Using a 
common clinical scanner, this requires an imaging current of a 
few mA. For example, in vivo animal and human MREIT 
imaging experiments demonstrated conductivity image 
reconstructions with a spatial resolution of one to a few mm by 
using injection currents of 3 to 5 mA. 

The feasibility of MREIT as a functional brain imaging 
modality depends on the sensitivity of an MRI scanner in 
capturing the induced magnetic flux density Bz from its phase 
images [13-16]. We may assume that the current density 
threshold to stimulate a nerve fiber with 20 m diameter could 
be 1 A/m2 at frequencies below 1 kHz. If the current density 
underneath a current-injection electrode is below 1 A/m2, we 
may limit the internal current density inside the head below 1 
A/m2 on the average. In this case, we can inject 2.5 mA without 
stimulating such a nerve when the current-injection electrode 
has a contact area of 50 50 mm2. Here, we assume that we use 
a current-injection electrode which was designed to produce a 
uniform current density underneath it [17]. 

Using a high-performance clinical 3 T MRI scanner, the 
current MREIT technique may produce cross-sectional 
conductivity images of the human head with a spatial 
resolution of about 1 mm by using imaging currents of 2.5 mA 
amplitude. Since the externally injected current widely spreads 
inside the head, we anticipate that the internal current density 
will be much lower than 1 A/m2 though we cannot guarantee 
that it is below 1 A/m2 everywhere inside the brain. Further 
reduction of the current amplitude will be possible by 
optimizing the details of the MREIT data collection process. 
The imaging time to achieve a 1-mm spatial resolution is, 
however, in the range of tens of minutes without further 
technical improvement in MREIT. 

Unlike EIT, MREIT has a potential to be a functional brain 
imaging modality. We suggest numerical simulation studies of 
a realistic three-dimensional head model to compute internal 
current density distributions. We may find an optimal electrode 
configuration to inject 2.5 mA current, which will produce 
much less than 1 A/m2 current density everywhere inside the 
skull. At the same time, we need to reduce the noise level in 
MR phase images by using highly sensitive multiple RF coils. 
We should devise new MREIT pulse sequences to enhance 
changes in MR phase images for given current amplitudes. 
Post-processing methods including denosing and statistical 
image processing will be helpful together with better 
conductivity image reconstruction algorithms. In functional 
brain imaging, we should also note that we do not need to 
provide absolute conductivity values of brain tissues. MREIT 
does not need to provide structural information since it is 
available from conventional MR images. These mean that we 
may simplify the inverse problem in functional MREIT as an 

anomaly detection problem rather than an image reconstruction 
problem.  

Together with advances in experimental techniques, these 
signal processing methods will be able to enhance the temporal 
resolution of functional MREIT as well. We speculate that the 
temporal resolution of several frames per minute will be 
achievable by incorporating fast imaging methods such as EPI 
and bSSFP into MREIT scans. It is, however, too premature to 
predict if we can improve the temporal resolution as fast as 1 
frame per second or faster. 

IV. MULTI-MODAL APPROACH

Currently, neither EIT nor MREIT is readily applicable to 
functional brain imaging applications. While we plan to 
sophisticate our MREIT techniques, we may also consider a 
multi-modal approach combining (1), (2) and (3) as 
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Note that we restricted observing the magnetic flux density 
within the head  in (8) to exclude MEG to reduce the amount 
of technical complexity. In (7), the voltage u includes both 
endogenous and exogenous components subject to the internal 
neural current source f and the externally injected current j,
respectively.  

We may measure EEG and EIT voltage signals separately 
on the head. Performing the EEG and EIT measurements inside 
the bore of an MRI scanner, we may acquire images of Bz,
which is a z-component of (8) including both endogenous and 
exogenous components subject to the internal neural current 
source f and the externally injected current j, respectively. We, 
however, presumably exclude using the endogenous magnetic 
flux density primarily due to its very small signal strength. 

In this type of multi-modal system, we can estimate bulk 
conductivity values or ratios of head tissues using MREIT to be 
used in EEG source imaging, as already suggested by Gao et al.
[18,19]. We may cross-validate neural source images using 
EEG with functional MREIT images of conductivity changes 
originated from neural activities. We may also implement a 
multi-step algorithm where EIT and MREIT conductivity 
images are fed to EEG source imaging steps, then EEG source 
images are fed to functional MREIT image reconstructions and 
then functional MREIT images are fed to EIT and MREIT 
static conductivity image reconstructions.  

This multi-model approach is based on the 
bioelectromagnetic phenomena as much as possible and also 
MRI signal generation process. Incorporating an MRI scanner, 
there will be abundant contrast information available beyond 
the structural information. The multi-modal system will require 
integration of high-performance electronics of EEG and EIT 
with a clinical MRI scanner. 
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V. DISCUSSION AND CONCLUSION

Electrophysiological phenomena and bioelectromagnetism 
in (1)-(3) indicate that a direct and instantaneous functional 
brain imaging of neural activities is possible by visualizing 
either a neural current source distribution or a conductivity 
distribution or both. In doing so, measurable quantities by 
using noninvasive methods are voltages on the head and 
magnetic flux densities inside or outside the head. We may 
consider measurements of endogenous and exogenous voltages 
on the head for EEG source imaging and EIT conductivity 
imaging, respectively. Excluding MEG, we may consider 
measurements of exogenous magnetic flux densities only inside 
the head for MREIT conductivity imaging. 

Can we use conductivity images from EIT and MREIT for 
functional brain imaging? Can we incorporate conductivity 
images from EIT and MREIT in EEG source imaging? Can we 
integrate EIT, EEG, MREIT and MRI as a multi-modal 
functional brain imaging method?  

Though it is unlikely that EIT will be useful as a neuro-
imaging modality, we speculate that MREIT will possibly find 
its application in functional brain imaging. Incorporation of 
EIT and MREIT conductivity images into an EEG source 
imaging method is definitely feasible but requires very careful 
implementations of both hardware and software. It is highly 
desirable and promising to develop a multi-modal functional 
brain imaging method by integrating EIT, EEG, MREIT and 
MRI.

Considering numerous advantages of including an MRI 
scanner as a basic building block of a functional brain imaging 
system, we argue that it will be desirable to construct a multi-
modal imaging system based on a clinical MRI scanner. This 
requires interdisciplinary expertise in MR physics, MRI data 
collection methods, bioelectromagnetism of EEG and EIT, 
electronics for MRI-compatible EEG and EIT instrumentation, 
mathematical theories and algorithms of nonlinear inverse 
problems.  

ACKNOWLEDGMENT

This work was supported by the National Research 
Foundation of Korea (NRF) grant funded by the Korea 
government (MEST) (No. 20100018275). 

REFERENCES

[1] S. A. Huettel, A. W. Song, and G. McCarthy, Functional Magnetic 
Resonance Imaging, 2nd ed., Sinauer, Sunderland, MA, U.S.A., 2009. 

[2] P. L. Nunez and R. Srinivasan, Electric Fields of the Brain: The 
Neurophysics of EEG, 2nd. ed., Oxford Univ. Press, New York, NY, 
U.S.A, 2006. 

[3] 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., vol. 41, pp. 2251-2269, 1996. 

[4] S. Grimnes and O. G. Martinsen, Bioimpedance and Bioelectricity 
Basics, 2nd ed., Academic Press, Oxford, UK, 2008. 

[5] D. Holder and T. Tidswell, “Electrical impedance tomography of brain 
function,” in D. Holder, Electrical Impedance Tomography: Methods, 
History and Applications, IOP Publishing, Bristol, UK, 2005. 

[6] D. Holder, “Feasibility of developing a method of imaging neuronal 
activity in the human brain: a theoretical review,” Med. Biol. Eng. 
Comput., vol. 25, pp. 2-11, 1987. 

[7] D. Holder, Electrical Impedance Tomography: Methods, History and 
Applications, IOP Publishing, Bristol, UK, 2005. 

[8] R. Tidswell, A. Gibson, R. H. Bayford, and D. Holder, “Three-
dimensional impedance tomography of human brain activity,” 
NeuroImage, vol. 13, pp. 283-294, 2001. 

[9] O. Gilad and D. Holder, “Impedance changes recorded with scalp 
electrodes during visual evoked responses: Implications for Electrical 
Impedance Tomography of fast neural activity,” NeuroImage, vol. 47, 
pp. 514-522, 2009.  

[10] E. J. Woo and J. K. Seo, “Magnetic resonance electrical impedance 
tomography (MREIT) for high-resolution conductivity imaging,” 
Physiol. Meas., vol. 29, pp. R1-R26, 2008. 

[11] J. K. Seo and E. J. Woo, “Magnetic resonance electrical impedance 
tomography (MREIT),” SIAM Rev., vol. 52, pp. 40-68, 2011. 

[12] G. C. Scott, M. L. G. Joy, R. L. Armstrong and R. M. Henkelman, 
“Measurement of nonuniform current density by magnetic resonance,” 
IEEE Trans. Med. Imag., vol. 10, pp. 362-374, 1991. 

[13] G. C. Scott, M. L. G. Joy, R. L. Armstrong, and R. M. Henkelman, 
“Sensitivity of magnetic resonance current density imaging,” J. of Magn. 
Reson., vol. 97, pp. 235-254, 1992. 

[14] R. J. Sadleir, S. C. Grant, S. U. Zhang, B. I. Lee, H. C. Pyo, S. H. Oh, C. 
Park, E. J. Woo, S. Y. Lee, O. I. Kwon, and J. K. Seo, “Noise analysis in 
MREIT at 3 and 11 Tesla field strength,” Physiol. Meas., vol. 26, pp. 
875-884, 2005. 

[15] R. J. Sadleir, S. C. Grant and E. J. Woo, “Can high-field MREIT be used 
to directly detect neural activity? Theoretical considerations,”
NeuroImage, vol. 52, pp. 205-216, 2010. 

[16] T. I. Oh, Y. T. Kim, A. Minhas, J. K. Seo, O. I. Kwon, and E. J. Woo, 
“Ion mobility imaging and contrast mechanism of apparent conductivity 
in MREIT,” Phys. Med. Biol., vol. 56, in press, 2011. 

[17] Y. Song, E. J. Lee, E. J. Woo, and J. K. Seo, “Optimal geometry toward 
uniform current density electrodes,” Inv. Prob., under review, 2011. 

[18] N. Gao, S. A. Zhu, and B. He, Estimation of electrical conductivity 
distribution within the himan head from magnetic flux density 
measurement,” Phys. Med. Biol., vol. 50, pp. 2675-2678, 2005. 

[19] N. Gao, S. A. Zhu, and B. He, “A new magnetic resonance electrical 
impedance tomography (MREIT) algorithm: the RSM-MREIT algorithm 
with applications to estimation of human head conductivity,” Phys. Med. 
Biol., vol. 51, pp. 3067-3083, 2006. 

134



<<
  /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


