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Surface Laplacian of Central Scalp Electrical Signals
is Insensitive to Muscle Contamination
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Abstract—The objective of this paper was to investigate the ef-
fects of surface Laplacian processing on gross and persistent elec-
tromyographic (EMG) contamination of electroencephalographic
(EEG) signals in electrical scalp recordings. We made scalp record-
ings during passive and active tasks, on awake subjects in the ab-
sence and in the presence of complete neuromuscular blockade.
Three scalp surface Laplacian estimators were compared to left
ear and common average reference (CAR). Contamination was
quantified by comparing power after paralysis (brain signal, B)
with power before paralysis (brain plus muscle signal, B+M).
Brain:Muscle (B:M) ratios for the methods were calculated us-
ing B and differences in power after paralysis to represent muscle
(M). There were very small power differences after paralysis up to
600 Hz using surface Laplacian transforms (B:M > 6 above 30 Hz
in central scalp leads). Scalp surface Laplacian transforms reduce
muscle power in central and pericentral leads to less than one sixth
of the brain signal, two to three times better signal detection than
CAR. Scalp surface Laplacian transformations provide robust esti-
mates for detecting high-frequency (gamma) activity, for assessing
electrophysiological correlates of disease, and also for providing
a measure of brain electrical activity for use as a standard in the
development of brain/muscle signal separation methods.

Index Terms—Brain, electroencephalographic (EEG), electro-
myographic (EMG), paralysis.

I. INTRODUCTION

INTEREST in high-frequency electroencephalographic
(EEG) rhythms (above 20 Hz) has intensified since the recog-

nition of the involvement of high-frequency beta (15–25 Hz) and
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gamma (>25 Hz) rhythms in cognitive processing [1]–[3]. It is
well known that electrical activity from muscles [electromyo-
gram (EMG)] of the cranium and neck contaminates scalp
recordings, and the spectrum of frequencies in the EMG over-
laps the spectrum of the EEG particularly above 20 Hz [4], [5],
and we have quantified the extent of the contamination [6]–[8].

Different referencing methods do not significantly attenu-
ate but only marginally affect the distribution of EMG due to
active muscle contraction [4]. Attempts have been made to iden-
tify EMG-free EEG components using blind source separation
techniques, none of which have yet been demonstrably reli-
able [9]–[11].

Surface Laplacian transforms determine scalp current den-
sity using data from all active scalp electrodes [12]. As such,
the method is sensitive to local sources and sinks located near
to recording sites but insensitive to distant sources. There are no
muscles underlying the central scalp; therefore, raw recordings
from central channels should only be contaminated by poten-
tials from distant muscles. These distant effects should be sig-
nificantly attenuated in the surface Laplacian transforms. Here
we report that, with certain restrictions, scalp surface Laplacian
transforms substantially reduce muscle contamination in central
scalp electrical recordings.

II. METHODS

We used power spectra of electrical scalp recordings obtained
from volunteers before and after the elimination of EMG ac-
tivity by neuromuscular paralysis. We examined a variety of
preprocessing methods to quantitate the amount of EMG con-
tamination. In particular, we searched for any method that might
sufficiently reduce EMG contamination in preparalysis record-
ings such that their power spectra matched the power spectra of
recordings after paralysis (EMG-free).

EMG-free scalp recordings were obtained from volunteers
who were pharmacologically paralyzed and artificially respired
while fully conscious. The procedure has been described in
detail previously [6], [7] and was approved by the Clinical Re-
search Ethics Committee of the Flinders University and Flinders
Medical Centre.

Five males (aged 28, 40, 48, 62, and 73 years) and one fe-
male (aged 47 years) participated in the experiment. They were
studied in a Faraday cage, seated in a reclined position, and re-
quired no change in posture after paralysis. They were recorded,
first without paralysis, while undertaking a range of behavioral
tasks. Cisatracurium (a curare-like agent) was then adminis-
tered to achieve full neuromuscular paralysis and intermittent
positive pressure ventilation was initiated. When a complete
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neuromuscular blockade was achieved, recordings continued
and the subjects repeated the tasks.

A. EEG Recording

EEG (115 channels) was recorded continuously (left ear ref-
erence, 5000 samples/s, 16-bit analog-to-digital conversion,
1250 Hz low-pass filter) using a NeuroScan system (Com-
pumedics, Vic., Australia). Electrode impedances were less than
5 kΩ. A 128-channel electrode cap with Ag–AgCl electrodes
(Easy Cap Falk Minnow, Germany) was used to provide uniform
scalp coverage.

B. Behavioral Tasks

All tasks were performed in both the unparalyzed and para-
lyzed states. Tasks included resting with the eyes closed (eyes
closed), left eye held open by a swab on a stick (left eye open),
submaximal jaw clenching (bite), frowning (frown), and strobe
light stimulation to the held-open left eye at 40 Hz (strobe),
among several other tasks not reported in this paper. Resting,
baseline tasks were recorded for 10 s with both eyes closed and
then for 10 s with the left eye held open and were recorded on
three occasions in the unparalyzed state (twice at the beginning
and once at the end) and on two occasions in the paralyzed state
(at the beginning and the end). Bite, frown, and strobe were
undertaken for 10 s.

C. EEG Analysis

Recordings were edited by removing data from techni-
cally defective electrodes. All EEG data were retained except
for those contaminated by electrooculographic (EOG) activ-
ity. Analysis was undertaken using in-house programs written
in MATLAB (The Mathworks, Natick, MA). Data using five
preprocessing methods were compared namely, left ear refer-
ence (L-ear—the original recording), common average refer-
ence (CAR), and surface Laplacian transforms [12], [13]. Three
forms of surface Laplacian transforms were tested: a spline in-
terpolation [14], Hjorth [15], and finite element [13]. Code for all
estimators was obtained from the FieldTrip toolbox [16]. Power
spectra were estimated using the Welchs modified periodogram
method, with blocks of 5000 samples (1 s). Contamination by
50 Hz (mains frequency signal) was removed by excision of
49–51 Hz power and its harmonics.

We estimated relative power spectra, obtained as the ratio
of power spectra for the unparalyzed condition (power due to
brain activity plus power due to muscle activity plus power due
to noise, B+M+N) over the power in the paralyzed condition
(B+N).

To measure the quality of the output of a preprocessing
method, we also estimated B:M ratios (viz. an SNR). The power
due to brain activity B was estimated as the power spectrum
during paralyzed recordings. The power due to muscle activity
M was estimated as the difference in power spectra between
unparalyzed and paralyzed recordings. When M is small, noise
significantly affects this estimate, and so two steps were taken to
reduce its effect. First, all calculations were averaged within fre-

Fig. 1. (Left) Illustrative EEG at Cz from a single-subject for left ear (L-EAR),
CAR, and nearest neighbor (Hjorth), spline, and finite-element surface Laplacian
transforms. EEG was recorded during the eyes-closed task in unparalyzed (blue)
and paralyzed (red) states. (Right) Power spectra for each segment.

quency bands. Second, we estimated the noise in scalp record-
ings as the difference in power spectra between two samples
of baseline paralysis recordings (measured at the beginning of
paralysis and at the conclusion of the mental tasks approxi-
mately 20 min later). Neither of these samples contained EMG.
Estimates of muscle M less than the 95 percentile of the noise
were regarded as unreliable and replaced by the threshold value.
This conservative estimate of muscle activity was then used to
calculate B:M ratios for a frequency band.

D. Statistical Analysis

The statistical significance of changes in power due to paral-
ysis was evaluated using paired t-tests if normal, and Wilcoxon
signed rank test if not normal. The Lilliefors test was use to
determine normality.

III. RESULTS

A. Resting Tasks

Paralysis reduced spectral power compared to unparalyzed
(due to muscle) over a broad range of frequencies during all
tasks. During nonactive tasks such as eyes closed and left eye
open, the lower limit of power due to muscle varied in different
regions of the scalp and with different methods of preprocess-
ing. EEG traces, power spectra, and group-mean relative spec-
tra, unparalyzed:paralyzed for the eyes-closed task, using the
five methods are illustrated in Figs. 1–3. Relative to paralysis,
EMG contamination was greatest in circumferential scalp areas
(frontotemporal, temporal, and temporooccipital) and least cen-
trally, consistent with our previous reports in smaller numbers
of subjects [6], [7].

Centrally, where contamination was least, both left-ear ref-
erence and CAR- EEG were still significantly contaminated
by EMG (P -values all <0.05 at Cz; see Table I). In contrast,
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Fig. 2. Illustrative mean (n = 6) relative power spectra of electrical scalp
recordings for the five electrodes depicted in the scalp map (top right). The
relative power is of eyes-closed unparalyzed:paralyzed conditions, calculated
using five methods. The detail of the central scalp electrode (Cz) is illustrated
in Fig. 3. Left=left; anterior=up.

Fig. 3. Detail of central scalp electrode (Cz) from Fig. 2. Relative power (be-
fore versus after paralysis) for CAR (purple) and surface Laplacian transforms
(cyan, red, and blue). The surface Laplacian relative power centrally is close to
a ratio of 1.

surface Laplacian transforms at central and paracentral leads
revealed small and nonsignificant contamination by EMG
(P -values nearly all > 0.05 at Cz; see Table I). The spline sur-
face Laplacian was the only method for which residual muscle
contamination was not significant at any frequency range.

Topographies of relative power for low gamma and higher
frequency bands (selected according to [17]) demonstrate that
there is very low central scalp muscle contamination using sur-
face Laplacian tranforms (see Fig. 4). These contrast to the
considerable EMG contamination of EEG using left ear refer-
encing or, to a lesser extent, using CAR. B:M ratios for these
frequency ranges are given in Table II.

B. Muscle Activation

The impact of active contraction, with frowning and jaw
clenching, as opposed to resting muscle tension, is illustrated in

TABLE I
P -VALUES AT CZ OF RELATIVE POWER DURING EYES CLOSED FOR FIVE

SPATIAL FILTERS, BY FREQUENCY BAND

Fig. 4. Average topographies (n = 6) of relative power for left ear, CAR, and
nearest neighbor (Hjorth), spline, finite-element surface Laplacian transforms.
The Laplacian methods provide an extensive central and paracentral area of
signals barely contaminated by muscle.

Fig. 5. Using CAR, EMG contaminated all electrodes albeit less
at the central scalp. In contrast, spline surface Laplacian trans-
forms exhibited a very small, albeit statistically significant, in-
crease in relative power with ratios very close to 1. During bite,
for Cz in the range 30–80 Hz, B:M ratios were 0.87 for CAR,
and 8.1 for spline surface Laplacian. During frown, for Cz in
the range 30–80 Hz, B:M ratios were 0.61 for CAR, and 9.1 for
spline surface Laplacian.

C. Physiological Responses

We evaluated the application of spline surface Laplacian in
identifying brain responses in unparalyzed subjects, first using a
low-frequency response, alpha augmentation with eye closure,
and then using a high-frequency response to sustained 40 Hz
visual stimulation with strobe.

Examining the low-frequency (alpha) response to the eyes-
closed versus the left eye-open state, the finding with CAR and
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TABLE II
BRAIN:MUSCLE RATIOS DURING EYES CLOSED AT CZ FOR FIVE SPATIAL FILTERS—BY FREQUENCY BAND

Fig. 5. Central (Cz) electrode mean (n = 6) relative power spectra of electrical
scalp recordings illustrate the effect of strong muscle contraction on power
in unparalyzed versus paralyzed conditions, calculated using CAR and spline
surface Laplacian transforms. Topographies display relative power averaged for
30–80 Hz for both methods, and illustrate the improved performance of spline
surface Laplacian transforms in minimizing muscle contamination, even in the
presence of strong muscle contraction.

with spline surface Laplacian was similar. In the four subjects
with good alpha activity, spline surface Laplacian revealed the
expected posterior enhancement of alpha activity [17]. Although
qualitatively similar, peak alpha frequencies were different, as
were distributions, so that the group average was not informative
and a single representative subject is shown in Fig. 6. In addition,
spline surface Laplacian did not project spurious changes to
more anterior sites that occurred with CAR (see Fig. 6).

Examining the high-frequency (gamma) response during
40 Hz strobe visual stimulation, spline surface Laplacian and
CAR both revealed the expected posterior expression of 40 Hz
steady-state visual evoked response, while the Laplacian did not
project spurious 40 Hz changes to more anterior sites seen with
CAR (see Fig. 7).

IV. DISCUSSION

By comparing scalp electrical recordings from normal (un-
paralyzed) and paralyzed awake volunteers undertaking various
mental and motor tasks, we have demonstrated that spline sur-
face Laplacian transform of signals from central scalp positions
has very high B:M ratios over all frequencies at which cerebral
rhythms have been considered to be likely [18]. Particularly im-

Fig. 6. Relative spectra of eyes closed versus left eye open (unparalysed), cal-
culated with CAR and with spline surface Laplacian transforms, from electrodes
on the left (PO7) and right hemisphere (PO8) posteriorly from one subject. To-
pographies display relative power for 9–10 Hz for the two methods. Both the
spectra and the topographies reveal the expected increase in 9–10 Hz power due
to eye-closure. The topographies also illustrate the improved localization of a
source expected with spline surface Laplacian transformation.

Fig. 7. Mean (n = 5) spectra from a right hemisphere posterior electrode
(number 125, between POz and O2 in the extended 10–20 EEG system) illus-
trating the maximal relative increase in 40 Hz power due to strobe (unparalyzed)
for CAR and spline surface Laplacian methods. Topographies display relative
power at 40 Hz for the two methods. Both methods reveal the 40 Hz steady-state
responses due to strobe. The spline surface Laplacian transforms also improve
the localization of the 40 Hz steady-state response.

portant is our finding that spline surface Laplacian transform
is insensitive to EMG contamination centrally in the presence
elsewhere of marked EMG-contaminated data (see all figures).
Blink artifact was the only biological contaminant actively ex-
cluded in our study. Sustained nonforceful muscle contractions
due to muscle tone in resting subjects and nonintended transient
movements were not excluded. Importantly, however, we also
tested powerful contractions of jaw (temporalis) and forehead
(orbicularis oculi) muscles. Activity in these muscles caused
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very slight, albeit significant, EMG contamination in the central
scalp, an observation that provides, for the first time, evidence
that useful data pertaining to all frequencies can be recorded in
the face of submaximal scalp muscle contraction.

Concurrently with its resistance to EMG contamination in the
central scalp region, application of the method, importantly, did
not eliminate changes in power of cerebral origin, around 10 Hz
posteriorly due to eye closure, and the 40 Hz visual steady-state
response posteriorly due to 40 Hz visual stimulation. The focal
expression of alpha with spline surface Laplacian compared to
the broad expression with CAR is a good example of the spa-
tial filtering properties of the Laplacian in which broad spatial
activity (low spatial frequency) is attenuated [12].

The surface Laplacian approach transforms voltage EEG into
a surface current density (SCD) space. Thus, the relationships
between electrodes will change in both magnitude and phase and
it cannot simply be assumed that standard EEG analysis will be
suitable for SCD. While there is evidence to suggest that surface
Laplacian will benefit estimates of synchrony [19], [20], caution
should be exercised to ensure that analyses, particularly phase
analyses (e.g. phase coherence, phase-locking value, etc.), are
appropriate for SCD and that the limitations of each approach
are accommodated when interpreting results [20].

Our results, that spline surface Laplacian transforms provide
the best preprocessing approach to avoiding muscle contamina-
tion of scalp signals, are consistent with the fact that there are
no muscles underlying the central scalp so that central channels
are only subject to the effects of potentials in distant muscles.
As distant potentials affect closely located electrodes, similarly
they will largely be eliminated in the surface Laplacian trans-
forms. In the earlier study of Goncharova and colleagues [4],
next-nearest neighbor Laplacian transforms of 15% contraction
of cranial muscles versus rest performed worse than other ref-
erencing methods. Based on our findings, spline and, to a lesser
extent, Hjorth Laplacians do appear to be more successful at
identifying local current. Consistent with Goncharova and col-
leagues, however, we found high levels of EMG contamination
with surface Laplacian transforms in peripheral locations (see
Figs. 1–5).

The results do not challenge the clinical use of EEG in the
temporal domain in which, apart from epilepsy, rhythms with
frequencies below 20 Hz are usually assessed. However, in
the frequency domain, using left ear or common average ref-
erencing, it is clear that EMG contamination is extensive at
frequencies close to and above those normally of clinical in-
terest [4]–[6]. This is particularly problematic for investigators
examining higher frequency activity associated with cognitive
processes and cortical binding [1]–[3]. The surface Laplacian
transform appears to provide a window in the central scalp
region for accessing high-frequency cortical activity without
significant muscle contamination. Based on CAR data, EMG
contamination is apparent even when careful visual editing of
scalp recordings has been attempted [6], [8]. In contrast, edit-
ing to excise EMG contamination appears to be unnecessary
when using spline surface Laplacian transforms for the study of
central scalp recordings.

It is widely accepted that new approaches are necessary for
extracting EEG from mixed EEG/EMG signals [9]–[11]. This
view still remains relevant to channels circumferential to the
central scalp. Evaluation of methods such as independent com-
ponents analysis, principal components analysis, and others re-
quires an EMG-free record to allow reliable evaluation. Until
now it has not been clear that, in tasks not requiring forceful
muscle contractions, central electrode data largely avoid muscle
contamination when estimated with spline surface Laplacian
transforms. Given this, the spline surface Laplacian approach
provides an ideal source of signals for investigators to use in de-
veloping and testing algorithms to separate signals from brain
and signals from muscle. An additional benefit of this observa-
tion is that a robust evaluation of possible relationships between
neuropsychiatric disorders and high-frequency brain signals is
feasible for the first time, at least in the central scalp window.
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[18] G. Buzsáki, Rhythms of the Brain. London, U.K.: Oxford Univ. Press,
2006, ch. 5.

[19] J.-P. Lachaux, E. Rodriguez, J. Martinerie, and F. J. Varela, “Measuring
phase synchrony in brain signals,” Human Brain Mapp., vol. 8, pp. 194–
208, 1999.

[20] S. Schiff, “Dangerous phase,” Neuroinformatics, vol. 3, pp. 315–317,
2005.

Authors’ photographs and biographies not available at the time of publication.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /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
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /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
    /Algerian
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BaskOldFace
    /Batang
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CooperBlack
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FootlightMTLight
    /FreestyleScript-Regular
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /InformalRoman-Regular
    /Jokerman-Regular
    /JuiceITC-Regular
    /KristenITC-Regular
    /KuenstlerScript-Black
    /KuenstlerScript-Medium
    /KuenstlerScript-TwoBold
    /KunstlerScript
    /LatinWide
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSansUnicode
    /Magneto-Bold
    /MaturaMTScriptCapitals
    /MediciScriptLTStd
    /MicrosoftSansSerif
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MS-Mincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NuptialScript
    /OldEnglishTextMT
    /Onyx
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Parchment-Regular
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /Ravie
    /ShowcardGothic-Reg
    /SimSun
    /SnapITC-Regular
    /Stencil
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanMTStd
    /TimesNewRomanMTStd-Bold
    /TimesNewRomanMTStd-BoldCond
    /TimesNewRomanMTStd-BoldIt
    /TimesNewRomanMTStd-Cond
    /TimesNewRomanMTStd-CondIt
    /TimesNewRomanMTStd-Italic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZapfChanceryStd-Demi
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /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 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /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 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /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

  /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 "Suggested"  settings for PDF Specification 4.0)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


