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Foetal movement detection and characterization based on

force sensing

Rania Hussien Al-Ashwal and Amirul Ridhwan bin Sazali

This study presents a detection system for foetal movement classification based on the magnitude of force
exerted on a pregnant woman’s abdominal wall. Despite the effectiveness of ultrasound method in foetal
monitoring, the characterization of movement depends on an expert’s skill. A detection system was devel-
oped by incorporating force-sensitive resistor array into a wearable belt for pregnant women. The system
characterized hand, leg and trunk movement with accuracy ranging from 75% to 93% with an accuracy of
98% on single movement detections compared to accelerometer performance. The system is thus a promis-
ing technique for low cost foetal movement detection.

Different foetal movement types reflect
the neurobehaviour and maturation of the
foetus'?. Detection and management of
foetal condition may influence the preg-
nancy outcome®. However, some of the
current foetal movement monitoring
methods only detect the foetal movement
in general without details of the type of
movement”.

Currently, there are passive and active
methods for measuring foetal movement.
Passive methods, such as accelerometry,
phonography and tocodynamometry
measure the foetal vibration incident on
the maternal abdomen while active me-
thods such as ultrasound direct a high
frequency sound wave to the foetus to
create an image*. Foetal movement can
also be monitored using mother percep-
tion registered on a ‘kick-chart’, but this
method has been shown to be unreliable
in terms of accuracy’. Ultrasound tech-
niques are accurate in identifying foetal
movement, but there are a few arguments
for its usage in long-term foetal monitor-
ing. Ultrasounds are also expensive and
require a skilled operator to periodically
reposition the transducer at the foetus to
identify movements. Various attempts at
classifying types of foetal movements
have been performed before, but only for
general movements®. As the gestational
age increases, the movements that in-
volve superior members such as hands,
legs and head increase’. Vries et al.’
classified these movements into sixteen
distinct movement patterns, and of these,
flexing-extension of the extremities may
reach the uterine wall and cause an
observable movement on the maternal
abdomen®.

In this study we demonstrate a foetal
movement detection technique based on
force sensing on the mother’s abdominal

wall. Force sensors have been used in
medical application such as patient moni-
toring and as an implant®. Their property
of detecting force is useful due to the
fact that human body will always gene-
rate force, be it on the heartbeat or blood
flow’. Foetal movements usually gener-
ate a force on the pregnant abdominal
wall, which can be detected and meas-
ured by sensors'”.

Materials and methods
Sensors

FSR model 402 was used as the sensing
element with force sensitivity ranging
from 0.2 N to 20 N. Its nominal thick-
ness of 0.5 mm helps in easier integra-
tion to the belt. The specification was
selected based on the study by Hollinger
and Wanderley”. The sensor was cali-
brated by statically placing a known
weight over the active sensing area, to
obtain the relation between the applied
force and output voltage from the circuit.
A set of different masses in increments
were so chosen as to remain between the
sensor range limitations. Voltage signals
from the circuit, when each mass was
applied, were acquired to plot force
versus voltage graph and its function.
The function obtained was

Force = 1.3508 x Voltage + 0.0185,
©)

and was used to correlate force and FSR
voltage. This correlation will be the basis
for determining and classifying the foetal
movements. Figure 1 shows the FSR
used as the sensor in the system and its
configurations on the belt.
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Microcontroller

In this study, we used Arduino Mega
2560 for processing signals from FSR,
which provides 16 analog input pins op-
erating at 16 MHz clock speed. Amounts
on I/O pins are paramount in this work as
we use 9 FSRs simultaneously for foetal
movement detection and classification.
The other feature of Arduino Mega 2560
includes 256 KB of flash memory, allow-
ing long and complex programming and
it also operates at 5 V. Analog-to-digital
converter (ADC) built-in the Arduino to
amplify miniscule reading from sensors
eliminates the need for external ADC and
simplifies the system design. The micro-
controller reads the analog voltage from
the voltage divider directly connected to
the FSR. Then the microcontroller classi-
fies all readings based on force and posi-
tion according to its programming. The
processed reading was then displayed on
a 20 x 4 LCD display. To make the sys-
tem usable to all pregnant women, the
data is interpreted into a simpler term,
allowing easier understanding on the
type and strength of foetal movement to
the mothers.

Foetal movement characterization
method

The sensor array was connected to the
Arduino in a voltage divider configura-
tion. Variation of force magnitude de-
tected and its position reflects the foetal
movement. Due to the FSR property of
changing its resistance inversely to the
amount of force applied, the strength of
the movement can be specified and used
predictively to determine the health of
the foetus depending on its strength. The
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movements are then classified into upper-
limb movement, lower-limb movement,
rolling or general movement based on
the combination of strength of force and
which sensors give out the reading. An
algorithm was developed for the Arduino
system for classifying the type of move-
ments based on the magnitude of force
and the sensors’ position.

Experimental set-up
Experimental testing on volunteer

In this study we have tested the accuracy
of the developed system on non-pregnant
women volunteers as the control group to
ensure that the system only detects foetal
movements and not maternal movement.
The error rate is calculated by dividing
the movement detected by the number of
subjects. Monitoring of foetal movement
was typically conducted while the mother
was sitting down during the testing period,
so as to safely eliminate the error caused
by moments due to sitting up and down.

We asked volunteers to wear the belt
on their abdomen for a given period of
time and perform various movements
such as breathing heavily, talking, laugh-
ing, bending and sitting up and down that
were suspected to cause a reading. The
control group was selected among a
group of non-pregnant women with a
body physique similar to pregnant wom-
en, by considering their body mass index
(BMI). The inclusion criteria of the con-
trol subjects were an age of 24-28 years
and normal BMI (< 25 kg/m?). Unheal-
thy women with any prior complications
regarding pregnancy and obese women
were excluded.

Testing using mechanical simulator

We compared the performance of our
sensor against the accelerometer by test-
ing both systems on the foetal simulator
(device developed by the research team
using servo motors). The foetal move-
ment simulator and its internal working
components is shown in Figure 2. The
comparison was done to gain an insight
into how the performance of FSR-based
foetal movement detector is, when tested
into real pregnant woman. The sensitivi-
ty of the accelerometer used in the expe-
riment was 300 mV/g and the sampling
rate was set at 40 Hz to match the sam-
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pling rate of FSR at 50 Hz. Foetal simu-
lator simulated 50 single movements to
be detected by both systems to measure
their sensitivity and performance.

Data obtained from testing the system
with the simulator was evaluated with
performance metrics of sensitivity, speci-
ficity and accuracy. Sensitivity refers to
the ability of the system to correctly read
the movement by the simulator. The equ-
ation for sensitivity in percentage value
was given as

sensitivity = 100 [TP/(TP + FN)], (2)

where TP is true-positive and FN is
false-negative. In this experiment, TP
stands for the correctly detected move-
ment by the sensor based on the move-
ment produced by the simulator and FN
stands for undetected movements on the
sensors even though there is actually a
movement present. Specificity test was
done to test the ability of the system to
correctly identify different movements.

Figure 1.

Sensor positioning on the belt and the sensor used. The positions

represents abdominal regions, right hypochondriac, right lumbar, right iliac, epigastria,
umbilical, hypo gastric, left iliac, left lumbar and left hypochondriac.

Figure 2. Foetal movement simulator. A marks the electronic control board made
using Arduino while B is the servo motors used to simulate the foetal movements.
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Table 1. Control group test results
Activities
Control subject Breathing Bending forward Bending backward Situp  Sitdown Talking Laughing
1 N N N Y Y N N
2 N N N Y Y N N
3 N Y N N Y N N
4 N N N Y Y N N
5 N N N Y Y N N
6 N N N N Y N N
N, No reading on FSR; Y, Movement detected by FSR.
Table 2. Statistical parameter of system performance
Movements types Sensitivity (%) TP FN Specificity (%) TN FP Accuracy (%)
Hand 90 45 5 88 44 6 89
Leg 92 46 4 94 47 3 93
Trunk 74 37 13 76 38 12 75
For example, during hand testing, presented in Table 2. The accuracy of face area covering nine positions. This

movements from leg and trunk were also
triggered to determine if the system cor-
rectly registered those extra movements.
Equation for it was given as

specificity = 100 [TN/(TN + FP)], (3)

where TN is true negative, which is
when the system detects a leg or trunk as
not a hand movement and vice versa. FP
means false-positive which is when the
system detects other movements such as
hand movements. Lastly, accuracy can
be calculated using

accuracy = 100 [(TP + TN)/
(TP + TN + FP + FN)], “4)

where the accuracy represents the overall
performance of the system.

Experimental findings and
preliminary results

Data recorded from the control group is
presented in Table 1. From the test, it
was found that the sensors detected at
least one activity from each subject.
However, if the reading from sitting up
and down is eliminated, only bending
forward of subject 3 caused sensor detec-
tion out of 6 control subjects. Test on
control subjects showed that the overall
error rate caused by various movements
was only 3%. The source of error has
been considered to be controlled in
future testing.

The data obtained from testing the de-
vice with a foetal kicking simulator is

classification by the system from 50 si-
mulated movements of hand, leg and
trunk were 89%, 93% and 75% respec-
tively. The majority of foetal movements
generated by the simulator was detected
by the sensor.

Table 3 shows the epoch-based per-
formance parameter of both FSR and
accelerometer. Accelerometer recorded
higher sensitivity of 100% detection rate
against 96% of FSR. However, FSR
shows a better specificity. Overall, both
systems showed comparable performance
with FSR-based detection system which
recorded 98% accuracy while accelero-
meter-based detection system which rec-
orded 95% accuracy in detecting single
movements from the foetal movement
simulator.

Discussion

From the findings of the experimental
testing on volunteer non-pregnant wom-
en as control subjects, the FSR-based
foetal movement detector had low sensi-
tivity to maternal movement. When the
foetus was normally monitored (sitting
down on a chair), the sensor only gave a
false positive reading, detected by the
bending forward movement from the
control subject 3.

However, the detector showed low ac-
curacy detection on trunk movements.
This is due to the nature of how the trunk
movement is programmed on the simula-
tor and the detection algorithm. The pre-
dicted position for limbs, head and trunk
was assigned around the abdominal sur-
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enabled the system to detect full move-
ment on the torso and classify the foetal
movements accordingly. Three FSRs
needed to be triggered simultaneously in
the central position of the belt, for them
to classify the movement as a trunk
movement. However, mismatches in the
timing of the motors in the simulator and
the detection on each FSR caused high
false-negative recording. Additionally,
the central position of the trunk is near
enough to the side sensors responsible
for detecting hand and leg movements,
causing them to incorrectly trigger and
give a high false positive reading and
lower specificity.

According to Verbruggen'®, the leg of
the foetus may produce a maximum force
of approximately 21 N. Therefore, the
proposed kick counting system classifies
the type of movements based on the
amount of force detected by the sensor.
Translating force into voltage through
FSR determined that, extension of the leg
recorded an 800 mV reading on the FSR.
On the other hand, voltage of less than
150 mV may indicate weak, flurry
movements of the foetus. Comparing the
magnitude of force detected and the posi-
tion of sensor that produces the reading,
the position of the foetus can be esti-
mated.

Accelerometer has gained popularity
recently as a passive approach in foetal
movement detection'>'*. From the test
on the foetal simulator, the FSR-based
detector was capable of achieving 96%
sensitivity against 100% sensitivity of
the accelerometer. However, our system
shows a better performance in terms of
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Table 3. Epoch-based performance of accelerometer against force sensitive resistance

Sensor TP FN Sensitivity TN FP Specificity ~ Accuracy
Force sensitive resistor 48 2 96 50 0 100 98
Accelerometer 50 0 100 45 5 90 95

specificity with 100% recorded specifici-
ty against 90% of the accelerometer. The
high specificity value of our system is
because of the nature of FSR which only
detects a movement that is directly ap-
plied on the sensing area. On the other
hand, the sensitivity of the accelerometer
to small movements causes it to detect a
false positive movement more frequent-
ly, resulting in a drop in specificity per-
formance. Overall, the performance of
FSR-based indicator is considered
slightly better than accelerometer in
terms of accuracy in detecting single
movement on the foetal simulator. In
perspective, Mesbah et al.f reported 59%
accuracy in detecting foetal movement
on comparing accelerometer to real time
ultrasound machine and Nishihara et al.*
reported 87.7% agreement between acce-
lerometer and maternal perception.

The low cost, lightweight and non-
intrusive system which is sensitive to
small movements constitutes a viable
alternative to ultrasound and may ulti-
mately identify the at-risk foetus to allow
timely clinical intervention.

1. Hantoushzadeh, S., Sheikh, M., Shariat,
M. and Farahani, Z., J. Mater. — Fetal
Neonatal Med., 2015, 28(6), 713-717.

2. de Vries, J. I. P., Visser, G. H. A. and
Prechtl, H. F. R., Early Hum. Dev., 1982,
7(4),301-322.

Lai, J., Nowlan, N. C., Vaidyanathan, R.,
Shaw, C. J. and Lees, C. C., Acta Obstet.
Gynecol. Scand., 2016, 95(9), 968-975.
Nishihara, K., Horiuchi, S., Eto, H. and
Honda, M., Early Hum. Dev., 2008,
84(9), 595-603.

. Schmidt, W., Kubli, F., Cseh, I. and Ka-

ra, K., J. Perinat. Med., 1984, 12(6),
313-318.

Mesbah, M., Khlif, M. S., East, C.,
Smeathers, J., Colditz, P. and Boashash,
B., Proceedings of the Annual Interna-
tional Conference of the IEEE Engineer-
ing in Medicine and Biology Society,
EMBS, 2011, pp. 7877-7880.

. Goovaerts, H. G., Cohen, D., Dripps, J.

H., Mantel, R., Mooney, P., Jongsma, H.
W. and van Geijn, H. P., J. Biomed.
Eng., 1991, 13(6), 495-499.

Liu, T., Inoue, Y. and Shibata, K., Sen-
sors (Basel, Switzerland), 2010, 10(11),
10240-10255.

. Kumar, N., Piccin, O., Meylheuc, L.,

Barbé, L. and Bayle, B., Design, devel-
opment and preliminary assessment of a
force sensor for robotized medical appli-
cations. IEEE/ASME International
Conference on Advanced Intelligent Me-
chatronics, Besacon, 2014, pp. 1368—
1374.

. Verbruggen, S. W., Loo, J. H. W., Hayat,

T. T. A., Hajnal, J. V., Rutherford, M.
A., Phillips, A. T. M. and Nowlan, N. C.,
Biomech. Model. Mechanobiol., 2016,
15, 995-1004.

. Hollinger, A. and Wanderley, M. M.,

Proceedings of International Conference

on New Interfaces for Musical Expres-
sion, 2006.

12. Khlif, M. S. H., Boashash, B., Layeghy,
S., Ben-Jabeur, T., Colditz, P. B. and
East, C., 11th International Conference
on  Information  Science,  Signal
Processing and their Applications,
ISSPA, 2012, pp. 71-76.

13. Layeghy, S., Azemi, G., Colditz, P. and
Boashash, B., Proceedings 8th Interna-
tional Conference on Signal Processing
and Communication Systems, ICSPCS,
2014.

14. Ryo, E. and Kamata, H., J. Matern. —
Fetal Neonatal Med., 2012, 25(12),
2629-2632.

ACKNOWLEDGEMENTS. We  acknowl-
edge the support from the Ministry of Higher
Education (MOHE) and Universiti Teknologi
Malaysia (UTM) with Tier 1 grant Q.J130000.
2545.16H98.

Received 8 June 2017; revised accepted 15
May 2018

Rania Hussien Al-Ashwal* and Amirul
Ridhwan bin Sazali are in the Clinical
Science Department, Faculty of Bios-
ciences and Medical Engineering,
Universiti Teknologi Malaysia, Skudai,
Johor, Malaysia.

*e-mail: rania@utm.my

632

CURRENT SCIENCE, VOL. 115, NO. 4, 25 AUGUST 2018




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments 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
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 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
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /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
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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.)
  >>
  /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 [612.000 792.000]
>> setpagedevice


