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Abstract— Rain fall induced landslides are a common cause of
damages to life and property in the Western Ghats region in
south India. Work have been in progress to develop a
monitoring system to predict the landslides to reduce the loss
of human life. We have developed and deployed a Wireless
Sensor Network to monitor rainfall induced landslide, in
Munnar, South India. A successful landslide warning was
issued in June 2009 using this system. This paper discusses the
enhancement of the existing system by incorporating a
Wireless Geophone Network to locate the initiation of
landslide, and the direction and velocity of motion of the slide.
A nested geophone methodology and triangulation method was
designed to collect and analyze the relevant signals. A novel
signal processing algorithm was developed to analyze the
geophone data and automatically detect the landslide signal. A
feedback method used to reduce the traffic congestion in the
network is also detailed here. The design and developed system
was tested and validated, in the landslide laboratory set up at
our university, for which results are shown in this paper.
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I. INTRODUCTION

Landslides are a common disaster in the western ghat
region of India. In the past they have caused wide damages
to human life and property. In order to reduce the damages
monitoring and prediction of landslides are being
developed.

We have developed and deployed a Wireless Sensor
Network (WSN) to monitor and predict rainfall induced
landslide. The deployment was done in Munnar, one of the
Landslide prone areas in the Western Ghats, India. The
wireless technology has provided solutions to monitor
otherwise inaccessible and remote areas. A successful
warning was issued during the monsoon 2009 using the
system. The warning issued facilitated evacuation and
disaster management in the area.

The system consists of more than 50 sensors including
the pore pressure transducers, dielectric moisture sensors,
strain gauges, rain gauges, tiltmeters, and geophones. The
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dielectric moisture sensor detects the level of water
saturation in the soil. Strain gauges sense any deformation
movement. Tiltmeters are used to validate the strain gauge
measurement. A geophone was used to record the ground
vibrations [1]. Different combination of these sensors are
interfaced to and deployed in several Deep Earth Probes
(DEPs).

This paper focuses on the geophone sensor, the design of
the interfacing circuits and related signal processing
algorithm. Geophones can produce readings that, once
analyzed, can locate the beginning position of movement
and thus predict the direction of motion. This wireless
geophone network will be incorporated with the existing
system, wireless network for landslide detection, and early
warnings will be real-time streamed to the internet.

The remainder of the paper is organized as detailed.
Section II describes related work in landslide detection and
signal processing. The design is elaborated on in section III.
Section IV describes the signal processing algorithm.
Finally, section V concludes with brief description of future
work.

IL.

Krohn et al. explains how to place the geophone properly
in the ground, accentuating ground coupling to provide
worthwhile data [6]. Baule et al. has developed a system to
detect the ground vibrations using geophones [7]. The
detected ground vibrations are processed to produce audio
output. Shinji discusses how to distinguish between ground
vibrations and noise thus clearing the data received by the
geophone [4]. Arattano et al. uses geophones to locate
where the landslide is about to initiate [5]. The landslide
initiation point is located by analyzing the measured
distances between the sensor columns of a WSN. This was a
simulation study. Mario et al. used geophone data to
indicate the direction of movement of the landslide [3]. Zan
et al. uses geophones to provide early warnings for
landslides [2]. This system used Mobile phones and local
alarms to issue the warnings.

A WSN for detecting rainfall induced landslides has
been fully operational, three years prior to this paper. The
deployed system is capable of issuing local alarms as well
as online streaming through internet. This paper describes
the incorporation of a Wireless Geophone Network (WGN)

RELATED WORK
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to the existing system. The WGN has been tested and
validated in a medium sized laboratory set up at our
University. Results of the tests are presented in this paper.

1L

The developed WGN is capable of enhancing the
existing WSN system by automatically predicting the
initiation point of the landslide. The system is also capable
of predicting direction and velocity the landslide will take.
A geophone is used to capture the vibrations induced during
the landslide event. It is a transducer which senses
vibrations and converts them into an electrical signal. The
electrical signals from the geophone are enhanced and
transmitted through the wireless network. At the receiving
end the data is analyzed and processed.

Not all vibrations obtained from the geophone can be
associated to a landslide. So the data from the geophone
requires noise isolation and analysis. This can be achieved
by proper signal conditioning and processing. Furthermore,
an important role is also played by the appropriate selection
and placement of geophone.

WIRELESS GEOPHONE NETWORK

A. Geophone Selection

The ground vibrations are 3-Dimensional waves with a
longitudinal segment called the P waves, transverse segment
called the O waves, and the surface waves called the S
waves. Geophones respond only to waves vertical to their
axis [8]. So we may need three geophones oriented
orthogonal to each other to capture all the three waves. For
our pilot deployment, we begun with the one dimensional
geophone, buried deep in a bore hole. So to capture the
vibrations, created during the horizontal movement of soil,
the geophone was placed perpendicular to the surface of
earth. However this one dimensional geophone did not
provide enough information. So a 3C geophone having three
individual geophones oriented orthogonal to each other and
is selected to be used in the new WGN. The 3C geophone
helps to determine the direction of movement of soil layers.

Incorporating all these ideas it was decided to implement
3C geophones in our existing monitoring system. The three
individual geophones are designed to be connected in series
and reference [7] claims that this is effective when needing
to sense very low frequency infrasound ground vibrations.
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Figure 2: DEP with nested geophone assembly. Note the 3C
geophone is placed in three sensitive layers.

B. Signal Conditioning

The geophone data is preprocessed to reduce the noise, and
increase the SNR. As shown in Figure 1 the preprocessing
of the geophone data involves amplification, filtering, level
shifting, A/D conversion.

Landslide induced vibrations are very small, usually in
the range of 200 mV. Active amplifier with high input
impedance, in the range of 10-100 MQ, was chosen to
measure these small range vibrations. The reference [9]
describes one of the advantages of high input impedance is
that; it ensures a negligible load on the geophone and avoids
a reduction in dynamic resolution. The amplified data is
filtered using an active low pass filter. The data loss is
minimized by using a high cutoff frequency filter.

The filter is accompanied by a level shifter. Geophones
act as an AC voltage sources; as such the geophone data
contains both positive and negative values. Since wireless
sensor motes work only with positive values, the negative
geophone readings need to be represented as positive values.
This task is performed by a level shifter. The level shifted
data is then fed to the WSN interface, where it is converted
to a digital signal and further processed to be sent over the



wireless network. The data is relayed through the network
cluster to a base station. The geophone data is then sent
through a satellite link and finally received at our University
Management Server (UMS) to be further analyzed.

C. Geophone Placement and Integration with the Other
Sensors

Landslide event detection requires specific design of
DEP in each location. The design and spatial distribution of
geophysical sensors on the DEP are determined by different
factors such as: the number of soil layers, layer structure and
properties, the presence of impermeable layers, water table
height, bed rock location, depth of the bore hole for
deploying the DEP, and the specific deployment method
required for each geophysical sensor.

The soil is made up of impermeable and permeable
layers. The impermeable layers of soil allow water to
gather, creating a perched water table, which loosens the
soil particles [13]. So theoretically speaking it is the
impermeable layers which lead to slope instability and are
the ones which requires close monitoring. In each of the
bore hole interbedded permeable and impermeable layers
can be witnessed. A minimum of one geophone is deployed
in each of the impermeable layers. Figure 2 shows the new
design with nested geophone assembly.

Bore holes are drilled and the DEPs with nested
geophones are placed in it. The nested geophone assembly
could help in identifying the area, depth and specific layer
which causes the instability. These nested geophone
assembly are deployed in such a way that they perform a
triangulation technique as shown in fig 3. The density of
geophones decreases from toe of the hill to crown of the
hill. It is the toe region of the hill, where the landslide
initiates so the more set of nested geophones are deployed at
the toe when compared to the crown and the middle region
of the hill.

These nested geophones are connected to wireless sensor
node on the top of the DEP. This will sample, collect, and
transmit the data to its higher layer network.
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Figure 3: Triangulation method for Deploying the nested
Geophone
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IV. WIRELESS GEOPHONE SIGNAL PROCESSING

The main aim of the signal processing is to automatically
identify the landslide induced vibrations, confirm their
relevance and produce an alert. In order to achieve these
goals it is necessary to classify which vibrations are
spurious noises or landslide induced vibrations. A three step
noise removal technique is used. The first level is a regular
filtering followed by a threshold based classification. The
classified signals are then correlated with the signal from the
neighboring DEPs. These steps make sure that we have a
false proof automatic detection. Once the signals are labeled
as landslide signals, they are analyzed further to predict the
direction the slide will take and to localize the starting point
of the slide.

A. Digital filtering

Geophones indiscriminately register all sorts of
vibrations from traffic, human walking and land movement
etc. In this scenario all vibrations other than those caused by
land movement are not relevant and require nullification.
Landslide induced ground vibrations are generally of low
frequency, below 5 Hz. A person walking on the surface
could induce a vibration around 20 Hz and higher [10]. A
digital bandpass filter was used to remove irrelevant
vibrations from the signal. This is a very crucial step since
any vibrations other than landslide signal could corrupt
further interpretation.

B. Threshold based Classification

The filtered signal is now ready for analyzing. The first
method of analysis is to check the data against a threshold.
As suggested in Mario et. al. [3] landslide signals are
usually of high amplitude and their approximate lowest peak
voltage is around 200mV, so this was chosen as the
threshold. Signals above this threshold, of 200mV, are
classified as landslide signals. Only these -classified
landslide signals undergo further processing.

C. Vibration detection for confirming the slope instability

The purpose of this step is to provide a false-proof
system, to further classify which vibrations are spurious
noises or landslide induced vibrations. This is done with a
correlation analysis method introduced by Terzis et al [11].

If a geophone registers a landslide signal this would
indicate that there is a chance that a nearby geophone will
also register the same landslide signal. But there will be a
time delay in the reception of signals at the geophones in
this context. The time delay is equivalent to the time taken
for vibration to traverse the distance between the two
geophones. The time delay (At) could be determined as
shown in Eq (1).

At=D/v (1)
Where D is the distance between the DEPs, and v is the
velocity of the wave in soil [13]. The velocity of sound in



soil is pre calculated. If the neighboring geophone does not
report a landslide signal within this calculated time delay the
initial landslide signal will be classified as spurious.

D. Localization of landslide initiation

The calculated time delay between geophones reception,
as previously discussed, can also be used to localize the
starting point of a landslide and also predict the direction the
land will slide. To sense land movement, each geophone
(contained in a DEP) is strategically placed in the ground of
the landslide prone area. When the land moves the DEPs
also moves. This movement can be calculated by knowing
the initial distance between each DEPs. If D, is the distance
between DEPs before the landslide initiation and D, is the
distance after then d2 could be found using the relation
shown in Eq 2.

Dl/DZZAtl/ At2 (2)

Aty, At, are the time delays before and after the landslide
initiation.

E. Effective data collection and aggregation for reduced
traffic congestion

According to the Nyquist Criteria the normal sampling
rate of the geophone should be greater than twice the
resonant frequency. This means that geophones require a
high sampling rate. When monitoring 24/7 this could
increase the load on the network. To combat this extra load,
the landslide signals are distinguished from the noise, using
a threshold algorithm. This allows only the landslide signals
to be sent over the network therefore reducing the data load.
Our system is based on three levels of warning. A first level
landslide warning is given when moisture sensor readings
cross a threshold value. A second level landslide warning is
given when the pore pressure sensor readings cross a
threshold value. A third level landslide warning is given
when geophone sensor readings register a confirmed
landslide signal. It is the geophone results that confirms a
landslide is definitely about to occur.
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Figure 4: Data from geophone without filtering at source. The
data is clogged with noise.
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All minute variations in geophone data could be relevant
to landslide prediction; therefore adaptive sampling has
been developed. Adaptive sampling involves varying the
sampling rate of the geophone dependent on level of
warning. The sampling rate of the geophone will increase
with each higher level of warning. When a third level of
warning is given the sampling rate will be almost thrice that
of the sampling rate at a first level warning stage.

V. TESTING AND VALIDATION IN THE LANDSLIDE

LABORATORY SET UP

The design has been tested in a medium scale landslide
setup at the University. The medium lab setup is 2 meters
long by one meter wide by 0.5 meters tall rectangular box
capable of holding 0.6 meters of soil. The setup is capable
of mechanically simulating the different slope angles of a
landslide prone area. It is also able to simulate various levels
of seepage and rainfall rates. The soil is packed into the lab
setup along with the associated sensors for the experiment.
Water is then added in the form of rainfall and seepage,
until the slope fails. The setup helps in testing, calibrating
the various sensors in before field deployment. It also helps
in better understand the nature of landslides. WGN testing
was done with a slope angle of 35” at the lowest seepage
rate possible.

The lab setup was used to establish the most effective
placement, for the geophones, in a landslide scenario. In the
first few tests, the geophones were placed in a straight line
from toe to crown. Straight line placement of the geophones
resulted in observing that the initiation of the slide happens
from the toe. Therefore a decision was made to place more
geophones at the toe than at the crown. This technique is
known as triangulation and is further outlined in Figure 3.
Tests were carried out to establish the necessity of using an
active low pass filter in the interfacing circuit to remove
noise. Figure 4 shows the results of not using the active low
pass filter and Figure 5 shows the active low pass filter in
use. Comparing figure 4 & 5, it is apparent that data can get
clogged with noise, and this makes it difficult to recognize
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Figure 5: Data from geophone with an active filter. The data is
acquired from the test done in our medium landslide lab set up. The
peaks represent the landslide induced vibrations.
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Figure 6: Data from geophone without filtering at source. The data is
clogged with noise.
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the peaks. These peaks are the actual landslide signal.
Figure 6 displays the output from the vibration detection
algorithm. The circled peaks are the peaks which correspond
to the landslide vibrations.

VI. CONCLUSION AND FUTURE WORK

We have deployed a Wireless Sensor Network (WSN)
for predicting landslide. To enhance the capabilities of this
deployment we proposed a nested wireless geophone
network and associated signal processing algorithm. The
design was formulated from various recent works in the area
and our experience from the pilot deployment. In our pilot
deployment we have done a prototype using one
dimensional geophone. In the proposed design we use a 3
axis geophone. Such a system is more effective in localizing
the slip location and detecting the direction of movement of
the soil layers. Since geophone is a self-excited component,
it helps in reducing the power constraint on the design of the
system. The signal processing algorithm also takes care of
reducing the load on the WSN by selected sampling of
geophone data. The rate of sampling differs for each level in
our three tier warning system. These proposed design
changes will help to build a more effective warning system
for landslides.

Our pilot deployment was for landslide prediction. In
future the system will be extended to monitor avalanche,
debris flow and earthquakes. When it comes to debris flow
geophones could be used to calculate the mean flow velocity.
Furthermore we will be developing a system to image the
layers of earth using the geophone. The application of such a
system could help localize the slip and advanced prediction
of events.

ACKNOWLEDGMENT

I would like to express the gratitude for the motivation
and research solutions provided by Dr Sri Mata
Amritanandamayi Devi, The Chancellor, Amrita University.
I also like to thank Ms. Erica Thapasya S. Fernandez for her
valuable contribution to this work.

73

(1]

(2]

(3]

(4]

(el
(7]
(8]

(9]

[10]

(1]

(12]

[13]

REFERENCES

M.V. Ramesh, “Real-time Wireless Sensor Network for Landslide
Detection”, Proceedings of The Third International Conference on
Sensor Technologies and Applications, SENSORCOMM 2009, IEEE,
Greece, June 18-23, 2009, pp. 405-409

L. Zan, G. Latini, E. Piscina, G. Polloni, and P. Baldelli, “Landslides
early warning monitoring system”, Geoscience and remote sensing
Symposium, IGARSS 2002, IEEE International, Vol 1, pp.188-190,
2002.

L. R. Mario, G. D. Saccorotti, G. T. Stefano, C. Giovanni , D. P.
Edoardo, “Seismic Signals Associated with Landslides and with a
Tsunami at Stromboli Volcano, Italy”, Bulletin of the Seismological
Society of America, Vol 94, pp: 1850-1867, 2004

S. Shinji, “A new system to validate Algorithms for early Earth quake
detection”, Railway Technology Avalanche, Vol 12, pp:72, March
2006

M. Arattano and L. Marchi, “Systems and sensors for debris flow
monitoring and warning”, Sensors, Vol. 8, pp. 2436-2452, 2008

C. E. Krohn, “Geophone ground coupling”, Journal of GeoPhysics,
Vol. 49, pp. 722-731, 1984.

H. Baule and M. Borgers, “Acoustic ground vibration detector”, The
journal of Acoustical Society of America, Vol. 87, 1990, pp. 923

D. Lawton and M. Bertram, “Field test of 3-Component geophones”,
Canadian journal of Exploration Geophysics, Vol. 29, 1993, pp:119-
129

A. L. Hagedoorn, E. J. Kruithof and P. W. Maxwell, “A practical set
of guidelines for geophone element testing and evaluation”, First
Break, Vol. 6, Oct. 1988, pp: 325-331.

H. Baule and M. Borgers, “Acoustic ground vibration detector”, US
Patent file, Patent no: 4849947, Jul. 1989

A. Terzis, A. Anandarajah, K. More, and 1. J. Wang, “Slip surface
localization in wireless sensor networks for landslide prediction”,
Proceedings of the Fifth International Conference on Information
Processing in Sensor Networks 2006, IPSN 2006, Nashville, USA,
pp. 109-116, 2006.

M. Hurlimann, D. Rickenmann, C. Graf, “Field and monitoring data
of debris-flow events in the Swiss Alps”, Canadian Geotechnical
Journal, Vol 40, pp: 161-175, Feb 2003.

A.T. Kunnath, M.V. Ramesh, “Integrating Geophone Network to
Real-Time Wireless Sensor Network System for Landslide
Detection”, Proceedings of The fourth International Conference on
Sensor Technologies and Applications, SENSORDEVICES 2010,
IEEE




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Required"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


