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Abstract. This paper proposes a method to monitor and assess human perform-
ance specific to high-speed marine craft operation. The high-speed craft crew’s
ability to efficiently perform their allotted tasks is affected by the manner in
which the vessel responds to the variable sea conditions. In general, the reaction
of human body to high-speed boat motion and vibration is recognized as the
main cause of fatigue during and post transits; whereas random shock repre-
sents the most likely cause of injuries during transits. The pilot experiment in-
troduced in this paper was designed and performed with the intention to identify
and evaluate measures of crew performance during and after a transit in a ma-
rine environment that can serve to indicate increasing fatigue, decreased func-
tional capabilities and thus possible increased risk of injury.

Keywords: Human performance, Whole body vibration, Muscle fatigue, Sur-
face EMG analysis.

1 Introduction

The crew and passengers of high-speed marine craft, such as rigid-hull inflatable
boats (RIB), are often exposed to continuous vibrations and shocks and experience
high levels of fatigue during and post transits as well as an increased risk of injuries
[1]. A study examining the reduction in physical performance post transit demon-
strated that performance was reduced by ~30 % for manual dexterity and ~20 % in a
step test [2]. As high-speed craft are often used as transit vehicles to delivery person-
nel undertaking activities such as search and rescue, it is important that they arrive at
the destination in the best possible condition as peoples lives are dependant on their
performance. Thus, it is of great importance to identify and examine possible causes
of the fatigue and provide effective methods to reduce them.

This paper proposes a method to monitor and assess human aspects during and post
high-speed transits at sea. The pilot experiment has been designed and performed with
the intention to evaluate measures of fatigue that could be used to assess possible
degradation of crew performance. To achieve this, sea trials were undertaken with a
RIB instrumented with tri-axial accelerometers and rate gyros to record shocks and
boat motion, respectively. In addition, physiological data — surface electromyography
(EMG) and electrocardiogram (ECG) — were measured simultaneously during transits
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to investigate any effect that could be in association with the exposure to vibration.
EMG and ECG signals were also collected during muscle fatigue tests performed
instantly before and after each trial to examine the characteristics and effect on theses
outcome measures of the high speed transit. Rate of perceived exertion (RPE) using
the Borg scale [3] was used to assess subject’s level of perceived exertion rated at the
point when, during the transit, they perceived they were working hardest.

The paper is organized as follows. A proposed methodology used to measure,
process and analyze both physical and physiological data is explained in details in
section 2. The results of the experiment are presented and discussed in section 3 fol-
lowed by the conclusions in section 4.

2 Method Description

2.1 Experimental Procedure

The experiment consisted of a sea trial preceded and followed by a muscle fatigue
test. Physical data measured during the trials were: boat LCG (longitudinal centre of
gravity), seat and head accelerations and boat motions. Measurements of physiologi-
cal data were: ECG and surface EMG activities of four spinal muscles (upper fibers of
Trapezius and Multifidus in the lumbosacral region), performed during all phases of
the experiment. A scheme of the performance measurement system is depicted in
Fig. 1.
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Fig. 1. Performance measurement system (B, H, S and G correspond to the positions of the
accelerometers placed at the boat LCG, head and seat and rate gyroscope respectively)

Sea Trials. Three sea trials, each approximately 33 minutes long, were carried out
with a RIB-X Expert XT650 at the south coast of England. Each trial was run with
one subject sitting on the front left seat next to the driver. Three physically fit male
subjects (83+9.6 kg weight, 182+12 cm height, 28.3+3.2 age) participated in this
study. The sea conditions were slight (sea state 3). The average and maximum boat
speed estimated from the GPS recordings for each trial are reported in Table 1
(1 knots~0.5144 m/s).
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Table 1. Boat speed during the sea trials

Trial  Trial Average speed Maximum speed
No. Duration [knots] [m/s] [knots] [m/s]
1 35 min 20 8 20.84 10.72  27.58 14.19
2 27min 08 25.17 1295 37.73 19.41

3 38 min 50 s 25.58 13.16  36.54 18.80

Muscle Fatigue Test. Before and after the sea trial, a subject performed a standard-
ized isometric back extension test until fatigue [4]. The subject, lying prone, was
instructed to maintain the upper body above the floor as long as possible, with his
arms aligned with the body and the head in a neutral position looking downward. The
test ceased when the subject was no longer able to maintain the trunk in the test posi-
tion, the time for each test was recorded.

2.2 Instrumentation and Data Acquisition

Tri-axial accelerometers (Crossbox CXL100HF3, range +100 g) were used to meas-
ure boat and human vibrations. The accelerometer positions, denoted as B, H and S in
Fig. 1, correspond respectively to: the boat’s LCG (accelerometer attached at the floor
of the boat), the subject’s head (accelerometer attached at the back side of the helmet),
and the subject’s seat (accelerometer positioned at the front side of the seat). The axes
of each accelerometer were referenced according to recommended method such that
the x-axis measured fore-aft acceleration, the y-axis measured lateral acceleration, and
the z-axis measured vertical acceleration [5]. Acceleration signals were recorded at
sampling frequency of 2.5 kHz using a 16-channel logger IOTECH Logbook 300).

Surface EMG signals were recorded using a differential pair of pre-gelled
electrodes attached 3 cm apart over and parallel to the fibers of each muscle using
standard SENIAM guidelines [6]. A reference electrode with a built-in 1k gain pre-
amplifier was attached at the same distance from the electrodes. Pre-amp cables were
fixed to the skin with adhesive tape to reduce potential artifacts caused by movement.
Raw signals were amplified, band-pass filtered (3 dB bandwidth: 6-6000 Hz) and
recorded with a 1 kHz sampling frequency using a portable data logger (MIE Medical
Research 1td).

To synchronize data acquired by two data loggers, tri-axial accelerometer trans-
ducers (ranges +25 g and +100 g) used by each data logger were mounted close to
each other on the back of subject’s helmet with the corresponding axes of detection
aligned. Thus, the head acceleration signals acquired by two transducers were used in
the processing stage to establish an exact match between time scales of the measured
signals. All data were stored on memory cards and converted later into a MATLAB
format for processing purpose.

2.3 Vibration Data Analysis

In this study, the assessment of the level of exposure to vibration is based on the cal-
culated vibration dose value (VDV). VDV is commonly used as an assessment
method when a person is exposed to numerous shocks and represents a cumulative
dose of vibration during a total exposure [7],[8]. Two weighting filters — Wy for the
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horizontal x and y-axes and W, for the vertical z-axis, were initially applied to the
vibration signals measured at the passenger’s seat and the boat’s LCG in order to
estimate exposure level associated with the two positions [5]. In accordance with
BS 6841 [7], VDV for each axis is calculated according to the following formula:

VDV, =,4/.f§a§v(t)dt, i=x,9,2, QY

where a;,(?) is frequency-weighted acceleration along the i—axis and T is the duration
of exposure in seconds, i.e. total period during which vibration occurs.
Total vibration dose in all axes is obtained by summing individual vibration doses

for each axis:
VDV, = 4/ > VDV, i=xy,z, )

where VDV; is the partial vibration dose value calculated for the i—axis using Eq. (1).

Furthermore, the calculated VDVs can be compared with limit values of vibration
exposure standardized to an eight-hour period above which vibration exposure must
be controlled or completely stopped. According to [8], exposure action value (EAV)
and exposure limit value (ELV) are 9.1 m/s""* and 21 m/s"” respectively.

3 Results and Discussion

3.1 Boat Speed and Vibration

Frequency-weighted peaks and root mean squared (rms) amplitudes of the LCG and
seat accelerations calculated for each trial are reported in Table 2. For all three trials,
the highest impact magnitudes occurred in the vertical direction (z-axis) at the boat’s
LCG and in the longitudinal (x-axis) or lateral (y-axis) directions at the seat front.
(The magnitude and frequency of impacts increased significantly in the second half of
each trial.) Overall frequency-weighted rms seat acceleration magnitudes were found
to be considerable larger than the rms magnitudes of LCG acceleration. In accordance
with BS 6841 [7], vibrations with such frequency-weighted rms magnitudes are indi-
cated as being uncomfortable.

Table 2. Vibration parameters of the sea trials

Trial peak [g] rms [m/s’]

No. x-axis y-axis z-axis x-axis y-axis z-axis total
LCG acceleration (weighted)

1 0.119 0.109 0.866 0.124  0.083 0.324 0.357
2 0.148 0.162 2.165 0.188 0.103 0.457 0.505
3 1.740 0.212 2292 0.281 0.191 0.551 0.647
Seat acceleration (weighted)

1 0.186 0.708 0.799 0.119 0.653 0.248 0.709
2 0.231 1.538 1.363 0.181 1.005 0.347 1.079
3 0.452 1.359 1.490 0.200 1.060 0.352 1.135
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3.2 Vibration Dose Values

Partial and total VDVs calculated according to Eqgs. (1) and (2) for all three sea trials
performed in this study are listed in Table 3. The largest VDVs were reported for the
third trial where a higher number of impacts were encountered, especially in the sec-
ond half of the trial. It can be also seen that the total VDVs calculated at the seat
(seated posture) are larger than the total VDV calculated at the boat’s LCG (standing
posture) for all three trials. Moreover, a main contribution to the seat’s total VDVs is
from impacts in lateral direction; while in the case of the boat’s LCG it is predomi-
nantly the result of vertical impacts. In the second and third trial, even thought the sea
state was slight, the total VDVs calculated at the seat exceed the EAV of 9.1 m/s'?
standardized for an eight-hour period within 20 minutes.

Table 3. Vibration dose values derived in case of seated and standing postures

Trial VDV (standing posture) [m/s™"] VDV (seated posture) [m/s™"]
No. x-axis y-axis z-axis total x-axis y-axis z-axis  total
1 1.54 1.19 412 415 140 754 313 7.60
2 1.92 1.37 8.41 8.41 2.08 1220 4.92 12.28
3 6.43  2.65 1137 11.66 298 1473 6.23 14.85

As an example, cumulative effects of the total VDV relative to the frequency-
weighted LCG and seat acceleration magnitudes during the third trial are illustrated in
Fig. 2 where the exposure action and limit values are marked with the horizontal dot-
ted lines. The EAV is exceeded approximately 18 minutes from the beginning of the
trial whilst the magnitude and frequency of impacts increased significantly resulting
in a rapid increase of the acceleration magnitudes.
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Fig. 2. Frequency-weighted acceleration magnitudes and total vibration dose values calculated
from the LCG (top) and seat (bottom) accelerations in the third trial
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3.3 Physiological Data

The EMG variables considered in this study are the root mean square (rms) value and
median frequency (MDF) [9],[10]. These parameters are calculated from the con-
secutive 1 s time windows of the bandpass-filtered (10-300 Hz) EMG signals.

All three trials reveal very high correlation between EMG and acceleration rms
values. As an example, the normalized running rms values for Left and Right Multifi-
dus muscles at the level of the lumbar 4™ and 5" vertebrae and seat acceleration are
shown in Fig. 3, this is zoomed in at the time interval where most impacts occurred.
An increase of the EMG magnitudes caused by large impacts in seat acceleration is
evident.
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Fig. 3. Normalized rms amplitudes of frequency-weighted seat acceleration (top), Left Multifi-
dus EMG (middle) and Right Multifidus EMG (bottom)

Median frequencies calculated for the whole duration of the third trial are given in
Fig. 4. It can be seen that the MDFs of the Left and Right Multifidus, decrease by
more than 8 Hz when the majority of impacts occurred (in time period between 1070 s
and 1200 s from the beginning of the trial) demonstrating a similar effect to that seen
when muscle fatigues during an activity [9]. Similar trend is not detected in the upper
fibres of Trapezius.
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Fig. 4. Median frequencies of Multifidus muscles
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The results of the Borg RPE test for each trial respectively are 11.5, 12 and 17 in-
dicating that the subjects perception of the sense of effort during the sea trial, when
they perceived that they were working at their hardest, was rated between somewhat
hard (>11) to very hard (>15). These results concur with vibration data which illus-
trates the severity of the trial — as can be seen from Table 2, the vibration parameters
increased from the first to the third trial.

The heart rate and MDF values calculated for the EMG and ECG measurements
conducted before and after the first trial are given in Tables 4 and 5 respectively. In
this pilot study, the results of the muscle fatigue test have not demonstrated general
increase of heart rate or decrease of MDF values after the trials. It could be speculated
that the effect of the vibration exposure on the muscle fatigue was not significant due
to slight sea conditions and good fitness levels of the subjects.

Table 4. Comparison of heart rate values for the pre- and post-trial muscle fatigue tests

min max mean st. deviation = range
pre-  post- pre-  post- pre-  post- pre-  post- pre-  post-
63.8 59.6 958 93.1 836 773 7.2 8.5 32 334

HR [beats/min]

Table 5. Comparison of MDF values for the pre-trial and post-trial muscle fatigue tests

MDF [Hz] min max mean st. deviation  range

pre-  post- pre-  post- pre- post- pre- post-  pre-  post-
L. Upp. Trap. 64 686 756 892 687 792 26 56 11.6  20.6
R. Upp. Trap. 588 65 76 88 649 736 24 34 172 23
L. Multifidus 762 84 101.7 104 883 944 6.7 49 255 20
R. Multifidus 73 83.8 110 115 911 991 93 73 37 31.2

4 Conclusions

In this paper, a method to monitor and assess crew performance in high-speed marine
craft transits at sea is proposed and preliminary results of the pilot study are pre-
sented. The vibration dose values obtained in this pilot experiment are compared with
limit values set by current standards and legislation demonstrating the VDV that can
be expected onboard high-speed marine craft. Values would be even larger in more
severe sea states and compounded by wind and tide effects. It is shown that the
physiological data are highly correlated with vibration magnitudes during sea transits.
A decrease in median frequencies of the EMG signals due to an increase in vibration
amplitude is demonstrated for lower back muscles. For more thorough analysis of the
effects of the trials on the subject’s performance during the muscle fatigue tests con-
ducted before and after trial, it would be of interest to collect more experimental data
in higher sea states.

Acknowledgments. The authors acknowledge the support of colleagues from
the School of Engineering Sciences, University of Southampton, for their help
in conducting this experiment. The research was funded by EPSRC (grant no.
EP/C525728/1).



226

D. Nikoli¢, R. Collier, and R. Allen

References

10.

. Ensign, W., Hodgdon, J.A., Prusaczyk, W.K., Ahlers, S., Shapiro, D., Lipton, M.: A sur-

vey of self-reported injuries among boat operators. Naval Health Research Centre. Tech.
Report 00-48 (2000)

Hyde, D., Thomas, J.R., Schrot, J., Taylor, W.F.: Quantification of special operations mis-
sion-related performance: Operational evaluation of physical measures. Naval Medical Re-
search Institute. NMRI 97-01 (1997)

Borg, G.: Borg’s Perceived Exertion and Pain Scales, 1st edn. Human Kinetics (1998)

Ito, T., Shirado, O., Suzuki, H., Takahashi, M., Kaneda, K., Strax, T.E.: Lumbar trunk
muscle endurance testing: an inexpensive alternative to a machine for evaluation. Arch.
Phys. Med. Rehabil. 77(1), 75-79 (1996)

ISO 2631-1: Mechanical vibration and shock — evaluation of human exposure to whole-
body vibration — Part 1: general requirement. International Organization for Standardiza-
tion, pp. 1-31 (1997)

Merletti, R., Hermens, H.: Introduction to the special issue on the SENIAM European
Concerted Action. J. Electromyogr. Kinesiol. 10(5), 283-286 (2000)

BS 6841: Measurement and evaluation of human exposure to whole-body mechanical
vibration and repeated shock. British Standards Institute (1987)

Griffin, M.J.: Minimum health and safety requirements for workers exposed to hand-
transmitted vibration and whole-body vibration in the European Union; a review. Occupa-
tional and Environmental Medicine 61, 387-397 (2004)

Merletti, R., Parker, P.: Electromyography — Physiology, Engineering and Noninvasive
Applications, 1st edn. John Wiley & Sons, Inc., Hoboken (2004)

Cifrek, M., Medved, V., Tonkovi¢, S., Ostoji¢, S.: Surface EMG based muscle fatigue
evaluation in biomechanics. Clinical Biomechanics 24(4), 327-340 (2009)



	Monitoring and Assessing Crew Performance in High-Speed Marine Craft – Methodological Considerations
	Introduction
	Method Description
	Experimental Procedure
	Instrumentation and Data Acquisition
	Vibration Data Analysis

	Results and Discussion
	Boat Speed and Vibration
	Vibration Dose Values
	Physiological Data

	Conclusions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /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 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /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
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /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
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /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 <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




