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Instrument for Lunar Seismic Activity Studies (ILSA)
is a science payload with the objective of studying
seismic activities at the landing site of Vikram, the
Lander of Chandrayaan-2. ILSA will be deployed to
the lunar surface by a specially built mechanism. It is
an indigenously developed instrument based on micro-
electro mechanical systems technology. High sensitivi-
ty silicon micro-machined accelerometer is the heart
of the instrument that measures ground acceleration
due to lunar quakes. The instrument has the capabilit
of resolving acceleration better than 100 nano-g Hz '
up to a range of 0.5 g over bandwidth of 40 Hz. This
paper presents the basic concepts in the design, reali-
zation, characterization and the performance test
results of the space qualified strong motion seismic
Sensors.

Keywords: Lunar quakes, MEMS, seismometer, strong
motion sensors.

SEISMOLOGY is the best geophysical tool to determine the
internal structure of a planet. Seismometers with varying
range of performance parameters both in terms of sensi-
tivity and bandwidth are used to conduct seismic experi-
ments. The most detailed study of lunar seismology was
conducted during the Apollo programme by the US
during 1964-1977. The experiments conducted by Apollo
11, 12, 14, 15 and 16 missions have recorded about
12,000 seismic events classified into various types'”. The
analysis of these events provided tectonics of the Moon,
Moonquake characteristics, state of stress and ground ac-
celeration models as reported by Watters et al.’. There
are still several unanswered questions in lunar seismolo-
gy and several space agencies, with a renewed interest,
are putting efforts to continue the studies. With advanced
technologies, instrumentation and data processing capa-
bilities, new facts can be obtained in lunar seismology.
Pertaining to Mars seismology, NASA’s Mars Insight
lander with its Seismic Experiment for Interior Structure
(SEIS) has recorded faint seismic signal on 6 April 2018
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and is considered to be the first recorded ‘mars quake’.
The SEIS instrument consists of six axes seismometer
and is expected to obtain much improved knowledge of
the interior structure of Mars®. The only attempt to study
the seismology of Venus was by the Soviet missions
Venera 13 and 14 during 1982. The highly hostile envi-
ronment of Venus made the mission too short lived to ob-
tain meaningful data’. Active research and development
is going on to overcome the problems by developing new
technologies and advanced instrumentation methods®.

Instrument for Lunar Seismic Activity Studies (ILSA)
will be the first instrument of its type to be placed at the
identified landing site in the south pole of the Moon. The
instrument has three axes high sensitivity accelerometers
realized using the silicon micromachining technology
called micro-electro mechanical systems (MEMS). ILSA
has the objective of characterizing the seismicity around
the landing site. The data obtained from ILSA will be
first classified and catalogued by the instrument devel-
opment team at the author’s laboratory. Subsequently, the
detailed analysis will be conducted by a group of scien-
tists led by National Geophysical Research Institute,
Hyderabad.

ILSA configuration

The amplitude and frequency ranges of seismic signals in
the form of ground acceleration are very wide making the
instrument design extremely challenging. The signal
amplitude levels of earthquakes are in the range of nano-
g to g (2=9.8ms?) and the frequency band is from
0.0001 to several tens of Hertz'. This could be the basic
design guideline for instruments to measure lunar quakes
as well. Generally a single instrument cannot cover the
entire range of interest. ILSA falls under the class of
broadband strong motion sensors with dynamic range
designed to be better than 100 nano-g Hz "*to 0.5 g over
a bandwidth of 40 Hz. The overall specifications of the
instrument are summarized in Table 1. ILSA has its sen-
sors fabricated using silicon MEMS technology offering
multiple inherent advantages of being of less payload

CURRENT SCIENCE, VOL. 118, NO. 3, 10 FEBRUARY 2020



RESEARCH ARTICLES

mass and having low power consumption. ILSA is a clus-
ter of accelerometers distributed over three orthogonal
directions. There are two of them along an axis and are
designated as coarse range and fine range sensors and are
capacitive transducers. The output from the coarse range
sensor is processed by capacitance to digital converter IC
and that from the fine range sensor is processed by dis-
crete capacitance to voltage converter circuit. The overall
instrument architecture is represented in the block
diagram given in Figure 1.

The readout electronics employs an open loop sensing
scheme. The fine range sensors are designed to operate
up to signal amplitude of 1.5 milli-g whereas the coarse
range sensor has range until 0.5 g. There is an overlap-
ping range of operation for both of them. The sensors and
the front end electronics are housed in hybrid micro
circuit (HMC) package. The power supply regulation,
FPGA circuitry for generation of various clocks and
digitizing of signals are all implemented in printed circuit
boards. All these modules are assembled in a single
mechanical housing with a provision to deploy it to the
lunar surface from its location of mounting in the Lander.
The photograph of the instrument is shown in Figure 2.

The basic building blocks of the instrument are
explained in detail in the following sections.

Micro-electro mechanical systems sensing elements

The sensing element consists of beam-plate system mi-
cro-machined from single crystal silicon wafer using
standard processes in MEMS technology. It has silicon on
glass architecture where the microstructure is supported
on a glass wafer. The heart structure is a proof mass sus-
pended by four-folded beams and have comb electrodes
defined on it. These combs are inter-digitated with fixed
comb electrodes to form a capacitor. The comb electrodes
are distributed as four sets at both sides of the proof mass

Table 1. Overall specifications of instrument for lunar seismic activity

Specification Value

Instrument type Three axis, micro-electro mechanical

systems (MEMS)-based

Dynamic range (g) 0.5
Resolution (nano-g/Hz'"?) 100
Bandwidth (Hz) 40

Operating temperature (°C) —20 to +45
Storage temperature (°C) -50 to +85
Weight (kg) 1.8

Size (mm) 170 x 170 x 72
Power consumption (W) <4

Power supply (voltage) 15V, +6V
Output Serial digital
Cross axis sensitivity <1%
Deployment Hold down and release mechanism

through Frangibolt assembly
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to form a differential capacitor assembly. This arrange-
ment helps to minimize cross axis sensitivity of the in-
strument. By virtue of the design of the beams, the sensor
has its sensitive axis in one specified direction of its
plane and is stiffer along all other directions. Stoppers are
provided to protect the structure from having large def-
lection due to mechanical shocks. The schematic
representation of the sensor is shown in Figure 3.

Working principle

The working principle of the capacitive sensing accele-
rometer in ILSA is schematically represented in Figure 4.
The MEMS structure represented in Figure 3 constitutes
single degree of freedom spring—mass—damper system
and obeys the classical forced harmonic motion principles
when acted upon by external acceleration®.

0’x  ox 0%u

—te—thi=m—, 1
"o "o W

where m is the proof mass, x its deflection, ¢ the damping
constant, £ the stiffness of the cantilever suspension
structure and u is the ground displacement. Mechanical
sensitivity is defined as the deflection of the proof mass x
per unit g of acceleration. The mass of the structure and
its mechanical stiffness determines the mechanical sensi-
tivity as given by the classical spring equation given
below, which is also the solution to the eq. (1) approx-
imated for static and quasi static range of input.

F,=ma = kx. 2)

The sensor is arranged to form a capacitor assembly
where one of the electrodes is a part of the spring-mass
system, whereas the other electrode is fixed relative to
the former with an initial separation of dy. By design, the
separation between electrodes changes as a function of
external input acceleration. The capacitance value asso-
ciated with the assembly, defined as dead value, C is
given by

Cy = [‘9;—/1} (3)
0

& 1is the permittivity of free space and 4 is the area of
overlap between electrodes.

When there is external acceleration and deflection of
movable electrode, the associated capacitance changes to
C'yas

ot :[ £y A J @)

dyFx

For small deflections, the change in output AC is propor-
tional to the magnitude of deflection of the proof mass
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Figure 1.

Figure 2. Photograph of instrument for lunar seismic activity (ILSA)
package.
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Figure 3. Schematic representation of silicon microstructure acting as
the sensing element.

which in turn is a function of input acceleration. In open
loop accelerometers with large deflection of proof mass,
the output will be highly non-linear’. The fine range
sensor of ILSA has a deflection of less than 1% of d, to
ensure linearity in output. The output change in differen-
tial mode is picked up and processed by suitable readout
electronic circuit.
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Figure 4. Schematic representation of working principle of ILSA sens-
ing element.

The main difference between fine range and coarse
range sensors is in the size of the proof mass which
affects the Brownian noise equivalent acceleration that
decides the resolution of the instrument'’.

Sensor fabrication

The sensor is fabricated from low resistivity silicon wafer
by bulk etching process. The key process steps of fabrica-
tion are: (i) the Deep Reactive Ion Etching of silicon by
Bosch process to define the high aspect ratio features; (ii)
anodic bonding to join glass and silicon wafers; (iii) con-
tact definition by aluminium patterning and wet chemical
etching; (iv) trench dicing, and (v) release etching in
addition to regular photolithography processes prior to all
etching steps. Figure 5 shows the photograph of the
sensors and the SEM image of a portion of the sensor
showing the electrode assembly. The details of fabrica-
tion are reported in ref. 11.

Readout electronics

The coarse range sensor has a capacitance to digital con-
verter IC from analog devices and has serial output with
12C interface. The fine range sensor has an op-amp based

CURRENT SCIENCE, VOL. 118, NO. 3, 10 FEBRUARY 2020



RESEARCH ARTICLES

Figure 5. Photographs of coarse and fine range MEMS sensor elements (a) with SEM image showing the

electrodes (b).
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Figure 7. Photograph of 1”x 4” hybrid micro circuit with sensors and
front end electronics for ILSA.

capacitance to voltage conversion circuit, amplifying and
filtering electronics and is realized with discrete compo-
nents. The block diagram of front end readout electronics
is shown in Figure 6.

This is realized as a custom designed HMC package
whose photograph is shown in Figure 7.

The HMC package is hermetically sealed in dry nitro-
gen ambient at 1 atmosphere pressure.

The generation of clock signals for excitation of
MEMS sensor, SDA and SCLK for 12C interface, analog
to digital conversion of signal from fine range sensor,
formatting of data to communicate to command telemetry
data storage package are all done through RTSX72SU
FPGA. The instrument delivers 120 bits data every 5 mil-
liseconds containing output from all six sensors along
with other health status information including the
temperature of the HMCs. This data with a volume of
24 kbps is time-stamped and stored in solid state
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recorder and will be periodically sent to the data receiv-
ing centre.

Conventional seismometers are aligned and placed
manually ensuring their orientation on a levelled plat-
form. But in the present case manual deployment is not
possible. There is a chance that due to undulations on lu-
nar regolith, the sensitive axis of the instrument will not
be aligned as expected with respect to the surface normal.
Being an accelerometer operating in open loop mode, the
gravity component will act as input, shifting the output
offset of the instrument. Since the acceleration due to
gravity at Moon is less and the coarse range sensor has a
wide operating range, it will not be saturated even at
highly tilted placement. The time varying signals due to
ground accelerations could be recorded over the offset
value without loss of information. But since the fine
range sensor has a limited upper range of operation, there
is a need of implementing tilt corrections after the place-
ment of instrument on lunar surface. A unique way of
electronic tilt correction is implemented for the fine range
sensor in order to achieve this objective. Here the instru-
ment is brought to operation range in case of its tilted
placement by providing corrective voltages to the
amplifier inputs by ground commands. The tilt informa-
tion for correction is obtained from the offset of coarse
range sensor. This approach helps to overcome the limita-
tions in operating range imposed by the open loop
readout employed in the instrument. This corrective
mechanism can also be used to compensate for the offset
drift of the fine range sensor with temperature over the
entire range mentioned in Table 1.

The instrument has another module that regulates the
power supply received from the DC-DC converter. The
power cards, FPGA card, HMCs are all integrated in a
mechanical housing along with the electrical and data
harness wires. The instrument communicates to the cen-
tral computing and data processing unit of the Lander to
send and receive data. The package is provided with elec-
trical heaters to ensure its operation within the specified
temperature limits. The base of the ILSA package is a
thick glass fibre reinforced plastic (GFRP) for thermal
isolation from extremely cold lunar soil. The thermal
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Figure 8. Response of coarse range (a) and fine range (b) sensors.

design of the package has been arrived at after detailed
modelling and analysis considering the landing site and
ambient thermal conditions both in illuminated and
shadowed conditions. The GFRP base is provided with
grooves to ensure good contact of the instrument with the
lunar regolith. Special mechanisms are not employed to
ensure very strong coupling of instrument to ground.
Since seismic activities generate low frequency low
amplitude ground vibrations, the coupling resulting from
weight of the instrument is sufficient to detect the signals.

ILSA calibration

Being high sensitive accelerometer, ILSA adopts calibra-
tion standards for linear accelerometers'>. High precision
rotation table that is levelled and calibrated for its per-
formance specifications is used to give a known rotation
to impart a known gravitational component input to the
instrument. The accuracy of calibration also depends on
the knowledge of g value at the location of making the
measurements. This value was provided to the authors to
a precision of one micro-g by the field testing team of
Survey of India. The output of the instrument is recorded
against the input corresponding to its dynamic range.
This helps to obtain the offset, scale factor, linearity and
cross axis sensitivity of the instrument. The tests are re-
peated at various temperatures to estimate the thermal
drift of these parameters. The noise equivalent accelera-
tion or the resolution of the instrument is measured by
recording output over a period of time and estimating
peak to peak magnitude. This has to be done at a location
where the ambient cultural noise is less than the electron-
ic noise of the instrument and it is found to be difficult to
identify a place meeting that criterion. The output from
ILSA was recorded at various locations and at various
points of time over the day to characterize the noise
performance. The minimum values obtained so far by
experiment are claimed to be the resolving capability of
the instrument.
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Test results

This section summarizes the test results obtained from the
X-axis sensor of the qualification model of the instrument
which represents the typical response from other sensors
as well.

The coarse range sensor is calibrated over an input of
0.5 g and the response is given in pF/g. The fine range
sensor is calibrated over £1.5 milli-g and the response is
expressed as V/g. Figure 8 shows the response of the sen-
sors.

The figure shows that the coarse range sensor has sen-
sitivity around 5.7 pF/g and fine range sensor has around
1014 V/g.

The performance of ILSA has been tested from —20 to
+45°C temperature range. It was found that the scale fac-
tor drift with temperature is negligible. However, there is
a temperature dependent offset drift which was effectively
corrected with the mechanism described in the previous
section.

From the recording obtained from ILSA from various
locations over different points of time it is found that
peak to peak output recorded during early morning hours
from a specific location with well-built vibration isolation
platform showed the minimum practically obtained value
of around 100 nano-g Hz "2 Figure 9 shows the output
from ILSA representing the resolution capability of the
instrument. Here the output from the instrument as shown
in the y-axis is around 1 ug peak to peak. The resolution
is expressed by dividing this magnitude by the square
root of bandwidth of the instrument.

The response of the instrument to dynamic input has
been characterized by using shaker tables. The hydraulic
shaker has the capability to provide low frequency, low
amplitude mechanical input. However, there are some li-
mitations in conducting the test over the entire range of
interest due to machine limitations and the noisy envi-
ronment as the shaker is initiated for test.

The bandwidth of the fine range sensor is estimated
separately by analysing its response to an input given by
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Figure 10. Dynamic response of fine range sensor showing flat bandwith of operation.

an electrodynamic shaker. In the test, the output from the
sensor as an analog voltage from an intermediate stage
has been recorded as the input of 0.5 g is swept over
frequency range till 300 Hz. Figure 10 shows the
response of the fine range sensor. The y-axis shows the
output voltage from the fine range sensor before its
amplification and the x-axis shows the frequency range of
sweep. The data shows that the sensor has a flat response
over the entire bandwidth of interest for the seismic
signals (40 Hz) and the sensor has resonance peak at
around 200 Hz.

In order to compare the performance of ILSA with a
commercially available seismometer from Trillium, both
the instruments have been simultaneously powered on at
a given location. Both showed same amplitude of signals
of the order of several ug peak to peak indicating the
cultural noise at the test location changing at various
hours of the day.
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ILSA underwent the qualification tests successfully to
ensure the reliability of the instrument in the operating
environment. The tests include thermo-vacuum tests, hot
and cold storage, sine and random vibrations and
mechanical shock tests as demanded by the mission.

Conclusion

Instrument for lunar seismic activity studies on Moon is
an indigenously developed MEMS-based instrument. It is
first of its kind to function as strong motion earthquake
sensors. ILSA is meeting its targeted specifications
giving the hope that it can extract meaningful seismic
signals from the landing site of Vikram of Chandrayaan-
2. Fine tuning the design and performance parameters of
ILSA can result in very useful spin off product — that is,
indigenous, compact seismometers for Earth-based
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applications. Being a MEMS-based instrument, batch
production of sensors can be achieved enabling the possi-
bility of realizing seismic sensor network for structural
health monitoring for a variety of applications.

1. Bulow, R. C. ef al., New events discovered in the Apollo lunar
seismic data. J. Geophys. Res., 2005, 110, E10003.

2. Yamada, R., The description of Apollo seismic experiments;
www.darts.isas.jaxa.jp/planet.seismology.

3. Watters, T. R. et al., Shallow seismic activity and young thrust
faults on the Moon. Nature Geosci., 2019, 12, 411-417;
https://www.nature.com/articles/s41561-019-0362-2.pdf

4. Lognonne, P. et al., SEIS: insight’s seismic experiment for inter-
nal structure of mars. Space Sci. Rev., 2019, 215, 12; https://
doi.org/10.1007/s11214-018-0574-6

5. Measuring seismic activity on Venus: a real challenge;
https://www.seis-insight.eu/en/public-2/planetary-seismology/venus

6. Hunter, G. et al., Development of a high temperature Venus seis-
mometer and extreme environment testing chamber. International
Workshop on Instrumentation for Planetary Missions, 2012.

7. Havskov, J. and Alguacil, G., Instrumentation in Earthquake
Seismology, Springer, June 2002; doi:10.1007/978-3-319-21314-9,
ISBN 1402029683.

8. Kumar, S., Design and Fabrication of Micromcahined Silicon
Suspensions, Ph D thesis, Imperial College, London, 2007.

9. Kempe, V., Inertial MEMS Principles and Practice, Cambridge
University Press.

10. Kulah, H. et al., Noise analysis and characterization of a sigma-
delta capacitive microaccelerometer. /EEE J. Solid-State Circuits,
2006, 41(2), 352-361.

11. John, J. et al., Design and fabrication of silicon micro structure for
seismometer, ISSS International Conference on Smart Materials,
Structures and Systems, Bengaluru, 2014.

12. IEEE standard specification format guide and test procedure for
linear single axis nongyroscopic accelerometers IEEE Std 1293,
1998 (R2008).

ACKNOWLEDGEMENTS. ILSA team would like to express their
heartfelt thanks to all those people and institutions who supported the
development and testing of this product. We thank Dr T. K. Alex, Shri.
J. A. Kamalakar and Dr G. N. Rao, former Directors of LEOS and Shri
M. Vishwanathan, former Group Director of LEOS, for the support and
encouragement extended at every stage of development of this instru-
ment. We are thankful to R. P. Selvam and team at Earthquake Engi-
neering and Vibration Research Centre, Central Power Research
Institute (CPRI), Bengaluru for extending the test facilities. We
acknowledge the support from Seismology Division of Bhabha Atomic
Research Centre (BARC), Gauribidinur for the technical support ex-
tended by the team at the initial stages of the development of the
instrument. The invaluable support from National Geophysics Research
Institute, Hyderabad and various teams of U.R. Rao Satellite Centre
(URSC) are thankfully acknowledged. We specially thank the mechan-
isms and thermal teams of URSC for developing the hardware for the
deployment of ILSA and conducing detailed thermal calculations. We
are also thankful to Karnataka Hybrid Micro Devices Limited
(KHMD), Bengaluru for fabricating, screening and qualifying HMCs
required for ILSA. We express our gratitude to Sensor Assembly Fabri-
cation Facility of LEOS for neatly integrating the instrument and Envi-
ronment Test Facility Team for conducting a series of vibration and
thermovacuum tests to ensure its reliability.

Received and accepted 27 August 2019

doi: 10.18520/cs/v118/i3/376-382

382

CURRENT SCIENCE, VOL. 118, NO. 3, 10 FEBRUARY 2020




<<
  /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 /sRGB
  /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


