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Abstract—The purpose of this study was to investigate the effect of
spatial ability task to the spatial ability performance and EEG
activity. Seven obese patients were participated in this study. The
instructions were introduced to all participants to practice the
spatial ability task. While performing the spatial ability task, EEG
activities were recorded by using the lightweight EEG device,
Mindwave Mobile, NeuroSky, Inc. The results revealed that some
EEG activities including delta wave, theta wave, and alpha waves,
respectively, were increased with statistically significant at the 0.05
level compared to the baseline while performing the spatial ability
task.
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I. INTRODUCTION

Brain is an organ that is easily affected by the physical
changes, especially in the modern time when people are easily
poisoned by the increasing pollution. When the poisonous
substances enter the body, every organ, including the brain will
be endangered. Abnormalities will occur to the brain in terms of
memory, eyesight, intellect, and balance. Because of these
damages, people should know how to protect themselves from
the poisonous substances [1-3]. Theoretically, spatial abilities
are called as the mental capacities including construction,
transformation and interpretation of mental images,
respectively [4]. These abilities reflect the use of mental
imagery in order to manipulate spatial representations.

Several previous studies determined the different factors
composing the spatial abilities [4]. There are four factors
including visualization, orientation and spatial relations,
respectively. Theoretically, the visualization is known as the
ability to mentally manipulation of the pictorially presented
object. The ability of comprehending all elements arrangement
was corresponded to the orientation. In contrast, the capacity of
rapidly and accurately mental mage rotation is known to
correspond to the spatial relation ability [4].

In addition, the mental rotation task and the spatial relation
included in the mental imagery were reported to be linked with
the spatial abilities. While performing the mental rotation task,
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these mental rotation and spatial relation were intimately
related as rapidly rotating a mental image [4,10]. The
integration of these neurophysiological parameters could help
to contribute us to understand how the EEG correlates with the
psychopathological conditions [13].

Electroencephalography (EEG) is traditionally used to
measure the brainwaves. Each type of brainwave is associated
with one’s state of consciousness and different mood state [5-8].
From all types of brainwave, beta brainwave is seen in normal
activities as well as stressful conditions or difficulties in mental
concentration. On the other hand, alpha wave is seen in
wakefulness, relaxed, effortless and alertness condition.
Therefore, persons with high alpha wave and low in beta wave
could indicate status of relaxation, arousal, less stress and better
concentration [10-14]. To explore the modifications of
electrical activities in relation to spatial abilities of obesity was
the purpose of this study. In order to detect modifications of
EEG oscillations, we used the lightweight EEG device for EEG
activity recordings. The measurement of EEG activity was
mostly done by letting the participants did the spatial ability task
developed by SuperLab version 2.0 and then measure the EEG
activity.

II. MATERIALS AND MEDTHODS

A. Participants

The experiment was done with seven volunteers, aged
between 19-59 years old. All participants were in good health.
They have no congenital illness, no record of brain surgery, not
taking medicines or drugs that affect to nervous system. Seven
obese patients (mean age: 33.204+8.97, mean BMI: 28.12+3.71).
The 19 years or older with BMI of 23 kg/m2 or higher were
selected in the study. Several exclusion criteria were monitored
such as having left handedness, reporting with the medical and
neurologic diseases history, binging the eating disorders as well
as other psychiatric disorders, respectively. Those participants
who had history of head trauma or the assumption of central
nervous system which were active drugs in the two weeks prior
to study entry as well as the presence of EEG abnormalities
during the baseline recording were also excluded. After
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describing information and the aims of the study, the written
informed consents were provided before participating in the
study according to the Helsinki declaration standards.

B. Tools and Equipments

In this study, we recorded the personal information, namely,
age, gender, nationality, and history of illness of all participants.
The electroencephalography (EEG) was applied by using the
neuroheadset displaying the output, analyze and record EEG
activities. The international 10-20 system displaying the
electroencephalography output was outlined the principles of
analytical check. The five main oscillations were recorded
including delta (0.1-3 Hz), theta (4.0-7.0 Hz), alpha (8.0-13.0
Hz), beta (14.0 - 30.0 Hz), and gamma (31.0 - 60.0 Hz),
respectively.

In this study, the commercially lightweight EEG device
named NeuroSky’s Mindwave Mobile was used in recording the
signal processing unit at the headband arrangement via a single
electrode application. Base on the specification, this
effectiveness of lightweight EEG device provides two 100-state
outputs which are operated at 1 Hz. It is known to minimize
aforementioned difficulties in conducting accurate user studies
as the principle advantage of this device (see Figure 1).

Figure 1. NeuroSky Mindwave Mobile Lightweight Electroencephalogram

In this study, spatial ability test was used as a tool to
understand how the human brain function in reasoning and
remembering the spatial relations among objects or space.
According to the previous study, four main common types of
spatial abilities were traditionally introduced such as spatial or
visuo-spatial perception, spatial visualization, mental folding
and mental rotation, respectively [11]. In our daily life, these
our abilities have unique properties and importance to many
types of tasks, for example, the spatial visualization is
characterized as complicated multi-step manipulations of
spatially presented information. In addition, the spatial working
memory is known as the ability to temporarily store a certain
amount of visual-spatial memories under attentional control in
order to complete a task [11-13]. Therefore, measuring EEG
activity while performing the spatial ability test run by SuperLab
Pro. 2.0 compared to baseline. Moreover, the present study used
the SuperLab Pro. 2.0 to develop the spatial ability test for EEG
activity measurement.

166

C. Statistical analysis

The demographic data of all participants were analyzed by
using descriptive analysis with qualitative data summarized in
term of frequency and percentage, with quantitative data
summarized in term of average and standard deviation. Using
inferential statistic compared each type of EEG activities by
compared -test. Every tests were set to the statistic significant
at p<0.05.

III. RESULT AND DISCUSSION

According to Table I, it was found that delta, theta and alpha
oscillations gradually increased while beta and gamma
oscillations were not changed. In addition, delta, theta and alpha
oscillations increased with statistically significant at the 0.05
level while performing the spatial ability task. On the other hand,
beta and gamma oscillations were found to be sustained while
performing the spatial ability task.

TABLE I. COMPARASION OF EEG POWER SPECTRA WHILE PERFORMING
THE SPATIAL ABILITY TASK IN OBESITY

EEG Power Baseline Spatial
Spectra Ability Task |p-value
Mean SD Mean | SD
Delta 0.02 | 0.17 1.27 ]0.05 | 0.03*
Theta 0.07 | 0.11 1.51 ]0.02 | 0.05*
Alpha 0.01 0.02 1.30 [0.04 | 0.01*
Beta 0.08 | 0.01 0.10 ]0.23 0.82
Gamma 0.03 0.08 | 0.07 [045 0.40
*p <0.05

According to Table II, it was found that delta frequency
band was increased with statistically significant at the 0.05 level
while performing the spatial ability task compared to baseline
(baseline: 0.02+0.17uV; spatial task: 1.27+0.05uV; t(13) = 0.21;
p=0.03).

TABLE II. DELTA FREQUENCY BAND WHILE PERFORMING
THE SPATIAL ABILITY TASK IN OBESITY

EEG Power Baseline Spatial Task t p-value
Spectra Mean | SD | Mean | SD 0.21 0.03*
Delta 0.02 ]0.17 | 1.27 ]0.05
*p <0.05

According to Table III, it was found that theta frequency
band was increased with statistically significant at the 0.05 level
while performing the spatial ability task compared to baseline
(baseline: 0.07+0.11puV; spatial task: 1.51+0.02uV; t(13) = 0.03;
p=0.05).

TABLE III. THETA FREQUENCY BAND WHILE PERFORMING
THE SPATIAL ABILITY TASK IN OBESITY

EEG Power Baseline Spatial Task t p-value
Spectra Mean | SD | Mean | SD 0.03 0.05*
Theta 0.07 | 0.11 1.51 [0.02

*p <0.05
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Similarly, it was found that alpha frequency band was found
to be increased with statistically significant at the 0.05 level
while performing the spatial ability task compared to baseline
(baseline: 0.01+0.02puV; spatial task: 1.30+0.04pV; t(13) = 0.71;
p=0.01).

TABLE IV. ALPHA FREQUENCY BAND WHILE PERFORMING
THE SPATIAL ABILITY TASK IN OBESITY

EEG Power Baseline Spatial Task t p-value
Spectra Mean SD Mean | SD 0.71 0.01*
Alpha 0.01 0.02 1.30 | 0.04

*p <0.05

According to Table V, it was found that beta frequency band
did not change while performing the spatial ability task
compared to baseline (baseline: 0.08+0.01uV; spatial task:
0.10+0.23uV; t(13) = 0.37; p=0.82).

TABLE V. BETA FREQUENCY BAND WHILE PERFORMING
THE SPATIAL ABILITY TASK IN OBESITY

EEG Power Baseline Spatial Task t p-value
Spectra Mean SD Mean | SD 0.37 0.82
Beta 0.08 ] 0.01 0.10 ]0.23

Finally, it was found that gamma frequency band was not
changed while performing the spatial ability task compared to
baseline (baseline: 0.03+0.08V; spatial task: 0.07+0.45uV; t(13)
= 1.34; p=0.40).

TABLE VI. GAMMA FREQUENCY BAND WHILE PERFORMING
THE SPATIAL ABILITY TASK IN OBESIY

EEG Power Baseline Spatial Task t p-value
Spectra Mean SD Mean | SD 1.34 0.40
Gamma 0.03 0.08 0.07 ]0.45

The results revealed that delta, theta, and alpha waves were
increased with statistically significant while performing the
spatial ability task. Participants have shown significantly mean
improvement in speed, memory, attention, flexibility and
problem solving, respectively. The present study stays in the
line with previous studies demonstrated that the attention was
related to sensorimotor rhythm [14,15]. In addition, the increase
of theta and delta frequency bands which were consistent with
previous studies mentioning alpha and theta oscillations
increased in the frontal lobe [16,17]. Moreover, the loss of
inhibitory control was shown more activation in the frontal lobe
in some previous studies [16,18]. These previous results were
characterized by groups of patients who had addictive disorders
[16,18]. Moreover, some previous studies revealed the
important role in memory processes were functioned by theta
and alpha oscillations. This role is also regulated the emotion in
the human brain [17,19]. Similarly, both working memory load
and long-term memory coding were also reported to associate
with the increase of both alpha and theta oscillations [17,18].
However, theta and alpha oscillations responded specifically to
visual emotional stimulation and to negative emotions were
reported in other previous studies, respectively [20]. Alpha
oscillation related to the neural activity is recently reported that
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it is involved with the inhibitory mechanism functioning in
facilitating the information while processing the spatial abilities
tasks.

Some previous studies revealed other areas including
surgery, mathematics or engineering education was influenced
by the spatial abilities training [23]. Moreover, one study
showed a significant correlation between spatial abilities and
arithmetic abilities [5]. This previous study found the
relationship between spatial abilities and the subtraction task
[5]. Additionally, one previous study showed that spatial
abilities were actually impact capacities in scientific learning
[25]. Vanderberg and Kuse, for instance, developed the mental
rotation test as a well-known spatial abilities training [23]. After
that a computerized version of this mental rotation test was
developed by Hoyek et al. [24] in order to train students’ spatial
abilities. Hoyek’s computerized version was used to explore the
improvement in learning ability [24]. Other important study
used the mental rotation test to evaluate the ability of motor
imagery process of both heathy participants and those patients
with brain injuries [25]. This previous study demonstrated the
left-hand motor-imagery task in relation to the spatial abilities
[25].

V. CONCLUSION

This study investigated the effect of spatial ability task to
the spatial ability performance and EEG activities. While
performing the spatial ability task, EEG activities were
recorded by using the lightweight EEG device, Mindwave
Mobile (NeuroSky, Inc., USA). It was found that electrical
activities including delta, theta and alpha waves were increased
with statistically significant at the 0.05 level compared to the
baseline while performing the spatial ability task.

ACKNOWLEDGMENT

This research was supported by grant no. 611U109005
(2017) from Brain Science and Engineering Innovation
Research Unit, Mae Fah Luang University, Thailand. We thank
all of the subjects involved in this research as main data provider
of this studies.

REFERENCES

S.P. Bailey, E.E. Hall, A. Folger, and P.C. Miller, “Changes in EEG
during graded exercise on a recumbent cycle ergometer,” J. Sports Sci.
Med., vol. 7, pp. 505-511, 2008.

B. Gutmann, A. Mierau, T. Hulsdunker, C. Hildebrand, A. Przyklenk, W.
Hollmann, and H.K. Struder, “Effects of Physical Exercise on Individual
Resting State EEG Alpha Peak Frequency,” Neural Plast., pp. 717312,
2015.

H. Moraes, A. Deslandes, H. Silveira, P. Ribeiro, M. Cagy, R. Piedade, F.
Pompeu, and J. Laks, “The effect of acute effort on EEG in healthy young
and elderly subjects,” Eur. J. Appl. Physiol., vol. 111(1), pp. 67-75,2011.
S.E. Poltrock, and P. Brown, “Individual differences in visual imagery
and spatial ability,” Intelligence, vol. 8, pp. 93—138, 1984.

(1

(2]

(3]

(4]
[5] J.J.B. Allen, J.A. Coan, and M. Nazarian, “Issues and assumptions on the
road from raw signals to metrics of frontal EEG asymmetry in emotion”,
Biol. Psychol., vol. 67, pp. 183-218, 2004.

J.B. Crabbe, and R.K. Dishman, “Brain electrocortical activity during and

after exercise: A quantitive synthesis”, Psychophysiol., vol. 41, pp. 563-
574, 2004.

(6]



[10]

[11]

[12]

[13]

[14]

[15]

15th International Conference on Electrical Engineering/Electronics, Computer, Telecommunications and Information Technology (ECTI-NCON2018)

J.M. Davis, and S.P. Bailey, “Possible mechanisms of central nervous
system fatigue during exercise”, Med. Sci. Sport Exer., vol. 29(1), pp. 45-
57,1997.

T. Kakizaki, “Effects of bicycle exercise on occipital EEG amplitude in
male students”, Industrial Health, vol. 26, pp. 191-195, 1988.

S. Kullmann, A.A. Pape, M. Heni, C. Ketterer, F. Schick, H.U. Haring,
and R. Veit, “Functional network connectivity underlying food
processing: disturbed salience and visual processing in overweight and
obese adults”, Cereb. Cortex, vol. 23(5), pp. 1247-1256, 2013.

W.R. Black, R.J. Lepping, A.S. Bruce, J. N. Powell, J.M. Bruce, L.E.
Martin, and W.K. Simmons, “Tonic hyper-connectivity of reward
neurocircuitry in obese children”, Obesity (Silver Spring), vol. 22(7), pp.
1590-1593, 2014.

1. Garcia-Garcia, M.A. Jurado, M. Garolera, B. Segura, I. Marques-Iturria,
R. Pueyo, and C. Junque, “Functional connectivity in obesity during
reward processing”, Neurolmage, vol. 66, pp. 232-239, 2012.

J.R. Tregellas, K.P. Wylie, D.C. Rojas, J. Tanabe, J.K. Martin, E.
Kronberg, and M.A. Cornier, “Altered default network activity in
obesity”, Obesity (Silver Spring), vol. 19(12), pp. 2316-2321, 2011.

L.I. Tammela, A. Paakkonen, L.J. Karhunen, J. Karhu, M.1. Uusitupa, and
J.T. Kuikka, “Brain electrical activity during food presentation in obese
binge-eating women”, Clin. Physiol. Funct. Imaging, vol. 30(2), pp. 135—
140, 2010.

M.R. Ford, J.W. Goethe, and D.K. Dekker, “EEG coherence and power
in the discrimination of psychiatric disorders and medication effects”,
Biol. Psychiatry, vol. 21(12), pp. 1175-1188, 1986.

M. Balconi, “Frontal brain oscillation modulation in facial emotion
comprehension. The role of reward and inhibitory systems in subliminal
and supraliminal processing”, Eur. J. Cog., Psychol., vol. 23(6), pp. 723—
735,2011.

168

[16]

[17]

(18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

W. Klimesch, P. Sauseng, and S. Hanslmayr, “EEG alpha oscillations: the
inhibition-timing hypothesis”, Brain Res. Rev., vol. 53(1), pp. 63-88,
2007.

F.T. Crews, and C.A. Boettiger, “Impulsivity, frontal lobes and risk for
addiction”, Pharmacol. Biochem. Behav., vol. 93(3), pp. 237-247, 2009.

N.H. Naqvi, and A. Bechara, “The insula and drug addiction: an
interoceptive view of pleasure, urges, and decision-making”, Brain Struct.
Func., vol. 214(5-6), pp. 435450, 2010.

M.A. Parvaz, N. Alia-Klein, P.A. Woicik, N.D. Volkow, and R.Z.
Goldstein, “Neuroimaging for drug addiction and related behaviors”, Rev.
Neurosci., vol. 22(6), pp. 609-624, 2011.

O. Jensen, J. Gelfand, J. Kounios, and J.E. Lisman, “Oscillations in the
alpha band (9-12 Hz) increase with memory load during retention in a
short-term memory task”, Cereb. Cort., vol. 12(8), pp. 877-882, 2002.
C.M. Krause, V. Viemero, A. Rosenqvist, L. Sillanmaki, and T. Astrom,
“Eelative electroencephalographic desynchronization and
synchronization in humans to emotional film content: an analysis of the
4-6, 6-8, 8-10 and 10-12 Hz frequency bands”, Neurosc., Lett., vol.
286(1), pp. 9-12, 2000.

S.G. Vandenberg and A.R. Kuse, “Mental rotations, a group test of three-
dimensional spatial visualization,” Percept. Motor Skills, vol. 47, pp.
599-604, 1978.

N. Hoyek, C. Collet, O. Rastello, P. Fargier, P. Thiriet, and A. Guillot,
“Enhancement of mental rotation abilities and its effect on anatomy
learning,” Teaching and Learning Med., vol. 21, pp. 201-06, 2009.

A.J. Bishop, “Spatial abilities and mathematics education - a review,”
Edu. Studies Math., vol. 11, pp. 257-69, 1980.

A. Vromen, J.A. Verbunt, S. Rasquin, and D.T. Wade, “Motor imagery in

patients with a right hemisphere stroke and unilateral neglect,” Brain
Injury, vol. 25, pp. 387-93, 2011.




<<
  /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


