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Abstract: - The paper discusses the problem of drowsiness and phenomenon of microsleeps of healthy drivers. It
describes our experiments done on our driving simulators. First there is a brief description of simulator which was used
for the experiments, its capabilities and necessary changes which we did so that it fits best the needs of such
experiments. The paper presents requirements on the overall design of experiments performed on driving simulators. It
describes requirements on the design of the testing tracks and our experiences with measurements. The results of
classification based on EEG, video record expert analysis, steering wheel correction movements, lateral position and
average velocity change trends and weaving and drive out from the lane are presented. Finally discussion on analysis

methods used for investigation in driver’s drowsiness is done.
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1 Introduction

The problem of sufficient attention of a human operator
is still in the top of the interest when dealing with
reliability of human operated systems [17]. In fact the
human operator is generally considered as a weakest link
of the HMI systems, unless those are operated fully
automatically. There is very good progress in automation
of the driving of transportation means in general but in
the field of automotive industry (mainly in case of
passenger cars) the human driver still plays indisputable
role. Those facts imply that passenger cars will be
operated by human drivers at least for next decade(s).
From that reason there is still a strong need for reliable
system which can monitor the level of human driver’s
vigilance (for example [1, 2, 10]). For development and
further testing of such a system a huge amount
measurements are required to be performed. Advanced
driving simulators were approved to be very suitable for
that task.

Sleep onset process (“hypnagogium”) and its patterns
in the EEG are generally known, but their measurements
are mainly focused on people with sleep disorders, few
on healthy people. We can say that certain part of

demonstrable healthy people have slight (up to
significant) abnormalities in their EEG. From that point
of view it seems to be reasonable study this methodology
(i.e. characteristic changes in EEG) with respect to each
subject. Generally valid classification seems to be
problematic and it will require certain knowledge about
each particular user.

Our experiments, done on car simulators, consist of
measuring (and synchronous recording) of majority of
commonly used biological and technical signals used for
fatigue detection (like trajectory, speed variability,
steering wheel and pedals movements, ECG and
heartbeat variability, EOG [1, 8, 9], EEG [4, 5, 6],
driver’s face video recording, driver’s self report [3, 7]
and reaction time on various stimuli). EEG shows to be
a reliable indicator of drowsiness [11]. The amount of
activity in different frequency bands can be measured to
detect the stage of drowsiness or sleep (for example [4,
5, 6]). From our point view, the brain waves changes
seem to be one of the most direct and fastest markers of
the human vigilance level [14].

We did measurements of almost a hundred people in
microsleep related experiments either with use or
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without use o car driving simulators and twice more in
other kinds of experiments performed on car simulator
with  drivers equipped with EEG recording.
Unfortunately their analysis is not always feasible and
hard to be done automatically. Majority of studies
reports significant changes in the alpha band, or/and
delta and theta bands but sometimes their results are in
contradiction. This could be caused by improper
selection of analyzed data. Data from real drive are
usually full of muscle and other artifacts. Even more the
microsleep episode could be very short and their pattern
in EEG changes fast, so it is not easy analyze data of
different vigilance state. Our approach has been done on
probands not interacting with car or simulator was to
apply advanced analysis no pieces of data precisely
adjusted with reaction time measures [12, 13] using only
the ‘clear’ EEG data.

1.1 Sleepiness from medical point of view
Although sleep have attracted human interest since the
dawn of history, it has only been in the last 30 years that
physicians have recognized the importance of sleep
related problems and sleep disorders, and no more than
20 years since objective diagnostic procedures have been
routinely employed for their diagnosis. This rapidly
growing field attracts physicians from diverse
disciplines, such pulmonology, internal medicine,
psychiatry, neurology, otolaryngology, pediatrics, and
even dentists, all of whom are now becoming sleep
physicians after appropriate training. A normal individua
obtaining adequate sleep should be able to maintain
wakefulness during the day with little to no difficulty.
People with hypersomnolence, with microsleep, as
opposed to fatigue, often fall asleep unintentionally. The
tendency to fall asleep can be quantified both
subjectively and objectively in general.
Hypersomnolence results in several consequences, some
of which resemble those of sleep deprivation.
Microsleep is usually associated with sleep apnea
syndrome. But similar behavior can be seen in shift
workers or common people who are after sleep
deprivation from any reason.

2 Experiment setup

2.1 Simulator

Currently our laboratory use three simulators which are
steady based ( [15,20], see fig.1) and one motion based
(still in development). The simulator which we used for
this experiment is the steady based, fully interactive
composed of full car body. It is equipped with system of
measuring devices and in-car/out-car video recording
system. The field of view was intently reduced to 80°, so
that a portion of people suffering from simulator

sickness is lowered (1%). See figure for the reference
(fig.1). The simulator was originally built by German
company VRtiment [18] and later on rebuild in our
laboratory to better satisfy needs of our experiments.

Figure 1: Compact simulator type I

Comparing to another type of drowsiness experiment,
which was aimed to obtain driver’s reaction times
testifying of driver’s vigilance level [20] which was
conducted on our ‘light’ simulator, we preferred here to
give the driver most realistic feelings from the car
interior (this include also sound damping properties of
the car cabin) and no distortion during the simulated
driving.

2.2 Data collection

During all the measurements of the experiment the
technical and psycho-physiological data were being
collected [15]. All the data needs to be synchronized in a
sufficient manner so that it would be possible to do a
correlation analysis over them. The synchronization is
realized via central logging application which gathers all
the time trigging signals from all the measurement
devices including the simulator all connected with
RS232 links. This appears to be sufficiently precise [15].
Following data going into further analysis:

e Technical data:
o Trajectory and geometrically ideal path
o Speed in sense of car heading
o Steering wheel absolute angular position
o Video record and its expert analysis
e Biological data:
o EEG
o FEOG
o Heart beats
e Questionnaire

The next picture (fig. 2) shows the tested driver
equipped with the EEG cap, EOG electrodes and
heart beat recording.
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Figure 2: The tested driver equipped with heart beat
recording, EOG electrodes and the EEG cap

The measurement devices were developed by Alien
technologies [21]. EEG was managed in standard 10/20
setup, heart beat electrodes were placed on both driver’s
wrists. The biological outputs were recorded with
sampling rate of 128 or 256 Hz. The record from
simulator is 100 Hz but for analysis it was reduced.

2.3 Testing cohort

The experiment was done in two stages. First one — the
preliminary testing — used mainly for necessary
methodology design. There were 39 person tested. The
testing cohort consisted of drivers in between 20 and 39
years of mixed sex (82 % of males). Average age is 23.3
years and variance is 9.3 years. They are the common
passenger car drivers with average driving experience
but not professional drivers. They had to have normal
EEG record and no apparent sleep related diseases. (Not
all the drivers could be involved into EEG analysis
because of artifacts appear in their record.)

All the probands have to pass preliminary tests.
Except of adaptation laps on the simulator they had to
pass anamnesis questioners and standard neurological
test (equipped with EEG cap). Requirements on testing
drivers can be summarized as follows:

1. The experimentees were after at least 24 hour sleep
deprivation

2. Experiment was peformed in the morning starting at
9or 10 o’clock

3. They did not have consumed any drugs (alcohol,
medicines...), coffee of other exciting agents.

4. The length of the drive varies between 2 and 2.5
hours, depending on development of his/her condition.

5. Before and after the testing drive the experimentees
pass standard neurological tests including 3 types of mental
load. Those serve mainly to recognize if the experimentee’s
brain is of “standard type” and to discover possible illnesses.

6. Before measurement they are asked to fill up detailed
questioner concerning their sleep habits

7. Before and after the measurement they are asked to
fill up testifying about their actual state

2.4 Testing track

One of the most important factors which influences the
usability of data obtained from experiments performed
on a driving simulator is a design of testing tracks [15,
16]. Our approach follows standard setup of boring
highway scenario with minimum or no interactive

traffic. Such a setup should assure that all possible outer
factors influencing the driver performance are
diminished and all the driver’s errors can be
consequently considered to be caused with his/her
inattention. This inattentiveness could be of several
different origins but in the case of our experiment it’s
assumed that it is caused predominantly by drowsiness
and/or microsleep occurrences. The tasks which the
driver normally solves are reduced to speed-keeping and
lane-keeping. From that reason the track consists of
mainly almost straight parts and curvy parts which
radius is minimally 1500m. Following table describes
structural design of the whole testing track (Tab. 1).

Table 1 Types of part and their lengths

Type of part Length [Km] [%] Radius[m]
Straight 105,0 33,8 0
Left curve (light) 38,5 12,4 6500
Left curve (easy) 42,3 13,6 1500
Right curve (light) 66,5 21,4 6500
Right curve ( easy) 58,2 18,7 1500
Total 310,5 100,0 X

3 Analysis

The above data were analyzed after an election process,
where poor quality data, incomplete data and/or data
being unfeasible to be classified using each particular
method were excluded. All the probands’ EEG records
and anamneses were assessed by neurologists. Unlike in
other type of experiments which we put reaction time
(measured on brake) as a measure to which other
measures were correlated [20] in the experiment being
described here we do not rely on any direct measure of
response time.

3.1 Expert video analysis of drivers and

behavior

The offline expert analysis of a driver’s face and hands
video record had seemed to us very promising.
Unfortunately, such an evaluation is very subjective
either from the side of the expert or from the side of the
subject. Because of this fact the expert evaluation serves
mainly for finding specific patterns, which are further
used in the EEG analysis. From the experience we
decided to watch three significant patterns (fig. 3):

1. Drivers who are in high vigilance level - usually at the
beginning of an experiment).
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2. A “nod” off — when the driver gets into very short sleep and
he/she is immediately woken up - usually drop of his/her head.

3. Serious lost of control. This state comes when the driver is
so drowsy that he/she is unable to fight against upcoming
sleep. Such a situation often ends by an accident.

Figure 3: Pictures of probands in different states of
vigilance

3.2 Unintentional lane changes accidents

We performed several tens of measurements. Every
record from simulation engine contains actual car
position in each simulation step. We computed
instantaneous differences from geometrically ideal path
(reference curve) and founded the regions where the
driver unintentionally deviated from his lane into contra
lane or shoulders. Those events were then correlated
with video record (facial expression). The parts where
the drivers deviated intentionally were rejected from
further analysis.

3.3 EEG activity

We tried to look for differences in alpha, theta and
alpha/delta ratio between “drowsy” and “fresh driving”.
The result is quite uncertain. One of the reasons could be
that many of samples had to be discarded due to the
artifacts in EEG signal and it did not give enough
representatives for good statistical analysis. This method
of picking of the samples in time just before the stimulus
perhaps suffers from significant aliasing. For statistical
evaluation again a T-test was used. The following tables
(Tab. 2) shows same examples of finding, there is in
some cases significant of difference between “fresh” and
”drowsy” driving on O1, 02, T5 and T6 electrode (10/20
system). It is possible to preliminarily conclude that
some of drivers show increasing power of alpha bands
which is accompanied with decrement of ration
alpha/delta band. Unfortunately there is no statistically
approvable difference which is static over the whole
measurement. Note that sampling of analyzed samples
was done for all the microsleep occurrences derived
either from video record or trajectory analysis. Only
those which were affected with artifacts were excluded
from analysis.

Table 2: Significant increase (+), decrease (-) and no
significant difference (x) on electrode O1, 02, TS5, T6,
columns mark proband evidence number

01 8011 8056 8106 8403 02 8011 8056 8106 | 8403
0 X X X + 0 X X X +
a X + X + a X + X +
o/d - X X X o/d - X X X
T5 8011 8056 8106 8403 T6 8011 8056 8106 8403
0 X X X + 0 X X X X
a X X X + a X X X +
o/d X X X X o/d - X X X

3.3 Trends of certain variables over the whole
experiment

Because of the fact that the driver was not distracted by
any stimuli, it is possible to classify trends in his/her
behavior. The measurements of each one participant
were pretty long. It took around 2 to 3 hours. When
driving for such a time is recommended to make take a
break in real life driving and off course in normal state
of vigilance (i.e. without sleep deprivation). From that
point it is possible to consider the experiment lap in the
same manner as a drive period in reality.

3.3.1 Average speed trends

As one of the measures which could testify about the
development of driver’s actual vigilance level and
consequently about his/her ability of safe driving we can
consider keeping of required car speed. The drivers were
instructed to keep the speed of 130kph. Moreover they
are periodically (approximately each 700 m) evoked by
common traffic sign 130kph. Over the all testing track
are approximately 450 traffic signs.

Unlike the real-life situation the drivers had no reason
to deviate intently form predefined speed, over more we
excluded any situation requiring speed changes from the
experiment. There were no traffic, no obstructions,
sharper curves, all the time “free to drive” highway
scenario and consequently no objective reason for speed
fluctuation except of driver’s inattention. Even those, all
the tested drivers demonstrated slight fluctuation of the
speed and general trend. We can differentiate 4 groups of
drivers’ behavior:

e  Continuous increase (fig. 4)

o Steady behavior or decrease (fig.5)

o Driver cannot keep the speed in ‘reasonable’ boarder
/ goes much faster than required

o  Experiment was interrupted — excluded from analysis
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Figure 4: Average speed trends (increasing trend)
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Figure S: Average speed trends (non-increasing trend)

The following table (Tab. 3) approves that there is a
general increasing trend in average speed within a
majority of tested drivers. The experiment, which had
been interrupted during the measurement (due to any
reason) were excluded from final evaluation.

Table 3: Percent occurrence of groups

Continuous | Steady behavior | Driver cannot keep the
increase or decrease speed
60,87% 17,39% 21,74%

3.3.2 Steering wheel correction movements

Number of correction movements done by driver on the
steering wheel was counted with respect to time. The
following graphs (fig. 6,7) show a percentage of the fast
corrections (bigger than modus of all corrections) related

to

all instant corrections. From a linear regression

analysis it is possible to derive that 81,48% shows
increasing trend in this measure meanwhile only few

drivers

(18,52%) showed decreasing trend. This

approves the hypothesis that the correction movements
are more apparent and faster with drivers’ drowsiness
(expected to be getting worse during experiment) [19].
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Figure 6: Examples of ratio of fast and slow steering
corrections during the whole measurement (increasing
trend)
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Figure 7: Examples of ratio of fast and slow steering
corrections during the whole measurement ( non -
increasing trend)
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3.3.3 Trajectory to lane center position

In the research of driver drowsiness on simulators the
trajectory keeping and weaving are frequently analyzed.
Lane departure is very useful when finding serious
driver’s state but not suitable for statistical analysis. We
looked mainly for overall variance. From the
contemporary research it is also possible to say that the
movement of car within the lane borders (originated in
steering wheel movements) could be promising marker
[19]. It is possible to conclude that majority of tested
driver’s shows increase of “weaving” around
geometrically ideal trajectory, corresponding with
increase of drowsiness. It is up to 3 times greater in
amplitude comparing with non-drowsy ones. Very
drowsy drivers demonstrate much higher amplitude of
necessary steering corrections by the end of
measurement than relatively fresh in the beginning of
measurement. The following graph (Fig. 8) shows
example of trajectory fluctuation around geometrically
ideal path (‘weaving’) during the time of whole
experiment.
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Figure 8: Deviation of a car trajectory from geometrically ideal path during the whole experiment. (Blue curve

instant deflection in absolute value; Red — linear regression)
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4 Discussion and conclusion

The expert analysis of face video record gave very good
and objective results. Unfortunately people behave very
differently and have generally diverse behavioral
patterns from one another when drowsy. Even more
those are different over the time for same people. Values
which averagely change with time spent with driving
(‘trends’) which we can see for example in average
speed can also give us interesting results as long as we
know that they are not influenced with outer factors.
This is hard to be applied in real cars. The EEG shows
different features in assessment of drowsiness levels
when experiments are done without a mental load and
when performed on driving simulator. More over it
proves much faster dynamics in this case. It leads to
notion that simple criteria dealing replacements of basic
rhythms are applied from neurology are hardly
applicable here.

Concerning the testing virtual track, proposed design
in general satisfies well the needs of the experiment. One
problem is coupled with long and totally strait parts,
where the simulated car can drive correctly without any
driver’s effort. It serves well for experiments with traffic
light stimuli [20] but here we can hardly detect driver’s
inattention. Therefore for further measurements those
long straight stages are not suitable until the road model
could provide dynamics of real car driving.

We tried to use several methods of classification of
the driver’s abilities of safe driving with minimum
distractions, so that he/she can drive under condition
close to real-life conditions when the danger of
microsleeps is highest. Unfortunately it seems that those
criteria do not 100% match the criteria for assessment of
driver’s vigilance. Sometimes the driver can drive safely
and with sufficient attention paid on driving even if very
drowsy and vice versa. It could be explained by different
driver’s skill and personality. We must of course take
into account error caused be different ability to adapt to
different type of car (than the driver use normally), even
more question of adaptation on virtual environment can
influence results a lot.

From that reason it is should be better to take into
classification mainly those measures which do not
directly depend on technical aspects of driving itself, but
they rather derive driver’s state from independent
measures. From that point the EEG measurement
combined with some other objective measure has great
potential mainly thanks its directness and reliability.
This of course requires such a device to be as less
annoying as possible (ideally touch-less or at least
equipped with one or two dry electrode) so that it would
be accepted by users.

References:

[1] Thorslund, B.: Elecrooculogram Analysis and Development of a
System for Defining Stages of Drowsiness, Linkoping
University, Linkdping, 2003

[2] Peters, B., Anund, A.: System for effective Assessment of driver
vigilance and Warning According to traffic risk Estimation,
Link6ping, Swedish National Road and Transport Research
Institute, 2004

[3] Belz, S.: An On-Road Investigation of Self-Rating of Alertness
and Temporal Separation  as Indicators of Driver Fatigue in
Commercial motor Vehicle Operators, Blacksburg, Faculty of the
Virginia Polytechnic Institute and State University, 2000

[4] Andreassi, J.: Psychophysiology. Human Behavior &
Physiological Response, London, Lawrence Erlbaum Associates
Publishers, 2000

[5] Gottlieb, W., Galley, L., Schleicher, R., Galley, N., Churan, J.:
EEG and Ocular Parameters while Driving in a Simulation
Study, 2004

[6] Stern, R., Ray, W., Quigley, K.: Psychophysiological Recording,
Oxford University, Press, Inc., 2001

[7] Gillberg, M., Kecklund, G., Akerstedt, T.: Relations between
performance and subjective ratings of sleepiness during night
awake, Sleep 17(3), 1994

[8] Galley, N., Schleicher, R.: Fatigue Indicator from
electrooculogram — research report, 02

[9] Hargutt, V., Kriiger, H.: Eyelid Movements and their Predictive
Value for Fatigue Stages, Wiirzburg, Psychologisches Institut der
Universitit Wiirzburg, 2000

[10] Muzet, A., Pebayle, T., Moessinger, M., Roge, J.: Is drowsiness
occurring during driving in a similar manner in professional and
non professional young driver? Strasbourg, CEPA-CRNS, 2000

[11] Faber J.: Detection of Different Levels of Vigilance by EEG
Pseudo Spectra. Neural Network World, Vol.4, No.34, 2004

[12] Svoboda P., Faber J., Tatarinov V.: Descriptive Measures of
EEG with Respect to Hypnagogium. Neural Network World,
Volume 12, 2003

[13] Svoboda P.: Alternative Methods of EEG Signal Analysis.
Neural Net—~work World, Vol.12, No.3, 2002

[14] Faber J.: Isogage to Non-linear dynamics of Formators and
Complexes in the CNS. Charles University in Prague, Acta
Universitatis Carolinae, Monographia CXLIX, ISSN 0567-8250

[15] Bouchner P., VR Simulation Device as a Support for Research
in Driver's Micro-sleeps and Attention Decrease Detection, In:
TRANSTEC 2004 The Transport Science & Technology
Congress. Athens, 2004, vol. 1, s. 65-72.

[16] Bouchner P., Hajny M., Novotny S., Pieknik R., Sojka J., Car
Simulation and Virtual Environments for Investigation of Driver
Behavior, 7th WSEAS Int. Conf. on Automatic Control,
Modeling and Simulation, Prague, 2005

[17] Novak M., Faber J., Votruba Z. 2004. Problem of Reliability in
Interactions between Human Subjects and Artificial Systems,
Neural Network World - monographs edition, CTU & ICS AS
CR, ISBN 80-903298-1-0.

[18] www.vrteinment.de — online

[19] Vysoky, P., Changes in driver dynamics caused by fatigue,
Neural Network World, 2004.1:p. 109-117

[20] Bouchner P., Hajny M., Novotny S., Pieknik R., P&kny J.,
Valtrova K., Analysis of technical and biological outputs from
simulated driving, focused on driver’s fatigue detection, Driving
Simulation Conference Asia/Pacific 2006, Tsukuba, Japan, 2006

[21] www.eeg.cz/ — online




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>







    /HEB (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


