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The objective of this communication is to establish a
new technique for GPR data interpretation using con-
tinuous wavelet transform (CWT) approach. In the
present study, we have adapted the CWT technique to
detect the edges or abrupt changes in the signal. For
validation of the proposed technique, we have ac-
quired data over a known tunnel in point mode and
time mode using two antennas of two different fre-
quencies (40 MHz and 80 MHz). The tunnel is already
known in the area, however information of overbur-
den depth and extension of the tunnel was not proper-
ly known. Initially, GPR data have been processed
using standard processing (RADAN 7.0) software and
the tunnel has been delineated by the two small peaks
in the signal. Sometimes, it becomes tough to interpret
the small changes or discontinuities in the reflected
GPR signal processed by the available standard soft-
ware. Further, CWT has been performed on a wavelet
around the same time depth at which tunnel has been
detected based on the standard processing of the GPR
data. The tunnel has been prominently delineated by
the high wavelet coefficient values. A comparative
analysis for width and depth estimation using GPR
data and CWT technique has been carried out. While
implementing CWT, it is essential to choose the suita-
ble mother wavelet for high-resolution scalogram plot.
Mother wavelet for our study area has been selected
based on the maximum normalized mean power value
of wavelet coefficients. We discuss an approach for
tunnel detection and provide an efficient procedure to
improve detection performance.

Keywords: CWT, dielectric, GPR, mother wavelet,
scalogram, tunnel.

NOWADAYS, ground penetrating radar (GPR) is the most
extensively used geophysical technique by different
community mainly, civil engineers and geotechnical
engineers, for quick and high-resolution imaging of the
shallow surface. This geophysical method is generally
used to extract subsurface information based on the
dielectric contrast of the medium. GPR works on the
principle of transmission, reflection and receiving of an
electromagnetic (EM) wave of high frequency (10 MHz-
2.5 GHz) normal to the ground surface. GPR has many
applications in geological profiling', pipe and cable
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detection’, archaeology™, tunnelling’” and coal bed thick-
ness detection®”. Under promising conditions, GPR can
provide detailed information very rapidly and efficiently
regarding the nature of buried objects'’. The EM wave is
reflected from a boundary or buried object with different
dielectric constants to the surface at the receiving antenna
to record the variations in the reflected signal. The GPR
principle is similar to reflection seismology, except that
EM wave is used instead of an acoustic signal, and reflec-
tions appear at boundaries with prominent contrast of
dielectric constant instead of impedance contrast. In tun-
nel detection, EM pulses may be attenuated due to disper-
sion and formation conductivity, which generates noise in
the signal''. The attenuation of EM pulses may also
increase owing to rise in dielectric permittivity, which
mainly occurs due to upsurge in the moisture content of
the material.

In the GPR signal, identification of small-scale discon-
tinuity is difficult and most of the time creates ambigui-
ties during interpretation. GPR uses very high frequency
signal for data acquisition and thus, gives high-resolution
shallow surface information. At shallower depth, there
may be various objects which reflect the GPR signal and
create confusion with the main object. Also, one of the
common problems encountered in GPR data acquisition
is interference of noise in the signal, which may mask the
reflected signal. To encounter these problems we generally
use different filtering techniques for processing of GPR
data. To enhance the features detected in the GPR survey,
it is important to remove noise without losing the main
signal. The continuous wavelet transform (CWT) tech-
nique has been found to be the suitable approach to
resolve these problems'*'*. In this communication, we
have attempted a new approach for analysing GPR sig-
nals using CWT. Wavelet transform technique is well
established method for analysis of well-logging'>'®, gra-
vity'” and magnetic data'®. In the present study, we have
adapted this technique for analysis of GPR data. Chan-
drasekhar and Rao'’ implemented wavelet analysis on
well-log data to determine the space-localization of the
oil and/or gas formation zones. Mukherjee et al.'® em-
ployed wavelet and Fourier transforms on well log data
for the identification of formation interfaces. There are
very few studies based on uses of wavelet transform for
interface or discontinuity detection in GPR data.
Ouadfeul and Aliouane'’ used the wavelet transform
technique for noise attenuation from GPR data using
wavelet transform and artificial neural network (ANN).
Liu and Oristaglio®® carried out a study for parameter
estimation using the wavelet transform. This communica-
tion discusses a combined approach of conventional and
CWT techniques on GPR data for the better understand-
ing of small-scale discontinuity in the subsurface. For a
case study, a known tunnel has been selected, however
information of overburden depth and extension of the
tunnel was not properly known.
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The high frequency EM wave generated using antenna
propagates inside the earth with different permittivity
value depending on the water content, dissolved minerals
and clay content’’ **. The wave gets reflected to the sur-
face from a layer having different dielectric properties
from the surrounding medium. The reflected signal is de-
tected by the receiving antenna at the surface. The re-
flected wave received by a receiver antenna at the surface
is stated as scan and recorded on a digital storage device
for later interpretation. The propagation velocity of EM
waves does not change in a specific medium, so for
reflection wave total travel time (AT) is used to estimate
the depth (D) of the geological interface with different
permittivity value and it can be written as™

D = VXAT)/2, (D

where V' is the propagation velocity of EM waves in the
media and depends primarily on the permittivity of the
material. It can be written as>

V=Cl+e, 2

where C is the propagation velocity (3 x 10* m/s) of elec-
tromagnetic waves in the atmosphere and & is the relative
permittivity of the medium. The depth of penetration
depends mainly on antenna frequency, dielectric proper-
ties (relative permittivity) of subsurface and moisture
content. Antennas convert electric currents into electro-
magnetic waves that propagate into a material just like a
transducer. The amplitude of the reflected GPR signal is
proportional to the reflection coefficient. The reflection
coefficient R can be represented as>®

a-E
R‘Jawa' 3)

The intensity of the reflected signal depends on the con-
trast of relative dielectric constant between the adjacent
layers/medium. In general, greater contrast leads to
stronger reflected signal.

The continuous wavelet transform constructs a time-
frequency illustration of a signal that gives time and fre-
quency localization of a signal. The CWT is the convolu-
tion of signal f(#) with time-shifted (7) and a scaled (s)
version of the mother wavelet ¢(f). The scale of the
wavelet means the stretching and shrinking (analogues to
frequency) of wavelet, smaller-scale factor results in
more compressed wavelet. The frequency range for each
scale component can be assigned for different wave-
lets*”*. In mathematical form CWT can be written as

chs)jfU)j?¢*{’;C}w, (4)
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where (*) indicates the complex conjugate. The outputs
of the CWT are coefficient values, which are estimated at
each s by continuously varying 7. The larger value of the
CWT coefficient corresponds to the greater resemblance
between the shapes of the signal and the wavelet at 7 and
s, which guide to select the most precise mother wavelet
for analysing the signal. The positioning of maxima of
the modulus of the CWT at scale s equivalent to the depth
level, using this concept depth can be calculated®.
There are different types of mother wavelets with differ-
ent properties for specific purposes’'. It is important to
select the suitable mother wavelet to identify the discon-
tinuity and prominent edge effect in GPR data. In this
study, we have selected mother wavelet based on the
maximum normalized mean power of CWT coefficient
values.

In this study, Haar, Gauss and Daubechies mother
wavelets have been used. Haar wavelet (¢(¢)) (Figure 1 a)
is the oldest, simplest and compactly supported wavelet.
It is a sequence of rectangular function (not continuous)
at time ¢, which can be written as

1 0<t<1/2
p()=1-1 1/2<t<1. (5)

0 otherwise

Gauss wavelet (f(¢)) (Figure 1 b) is the result of deriva-
tive of Gaussian probability density function at time ¢ and
it is complex valued. It provides phase information and
by taking the pth derivative of f'it can be written as

f()=Cpe e, (6)

where C, is the normalization constant.

Daubechies wavelet (db) (Figure 1c¢) is compactly
supported wavelet because of its finite numbers of non-
zero scaling coefficients. The associated scaling filters
with Daubechies mother wavelet are minimum phase fil-
ters. These wavelets have no explicit expression except
for Daubechies wavelet at first level (dbl), which is a
Haar wavelet.

In the present study, we have used the bistatic mode of
the transmitter—receiver (T-R) antennas for the GPR unit
to provide high resolving power for interface detection.
GPR data have been acquired on the road for 50 m profile
length crossing a tunnel normally. Two antennas of fre-
quency 40 MHz and 80 MHz have been used for this sur-
vey to provide a suitable bandwidth and beam pattern.
The system typically acquires 1024 samples with a 16-bit
sampling resolution. We have used bistatic fixed T/R off-
set (1 m) in continuous mode (time mode) and in static
stacking (point mode) mode for both the antennas. The
transmitting and receiving antennas are fixed at a separa-
tion of 1 m for this survey. The antennas are moved
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Figure 1.

Mother wavelet selected for CWT of GPR signal. a, Haar wavelet and its decomposition high pass fil-

ter; b, Daubechies wavelet at decomposition level 3; ¢, Gauss wavelet at decomposition level 7.

simultaneously over the interested area for scanning in
continuous mode.

Whereas in point mode, the antenna set up is the same
as the continuous profiling mode. But instead of conti-
nuously acquiring data, the antenna system is operated in
point-collection mode and the antenna system is moved
along a survey line at a fixed interval. Point mode indi-
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cates that the data have been collected at different points
along a profile with a constant spacing. In the present
study, we moved T-R antenna system at each 20 cm
distance, i.e. 5 scans (5 data points) in 1 m distance.
The scans are collected with the suitable number of

stacking (64 stack) to achieve the optimum signal-to-
noise.
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Overall methodology mainly focuses on GPR data
processing and application of CWT technique (Figure 2).
At the end, an attempt has been made for the conjugate
analysis of conventional GPR data interpretation and un-
derstanding of GPR output using CWT technique. Initially,
point mode and time mode GPR data have been processed
using standard processing steps. The time zero correction
has been applied to adjust signal position that arises due
to the gap between antenna and subsurface. A boxcar fil-
tering has been applied to enhance the signal by removing
different types of noise embedded in the signal. After
applying all the required processing steps, overburden
depth, width and position of the tunnel have been
detected.

Further, a wavelet has been picked around the same
time depth for CWT analysis. We have used different
mother wavelets like Haar, Gauss and Daubechies at dif-
ferent decomposition levels. Mother wavelets at each
decomposition level respond differently for the same
GPR scan. To overcome this problem, CWT has been ap-
plied on each decomposition level and further mother
wavelet selected based on the maximum normalized mean
power value of wavelet coefficients. The result of CWT
on GPR data has been shown only for maximum norma-
lized mean power value of wavelet coefficients for each
mother wavelet.

Initially, the continuous mode survey has been carried
out to get a close idea about the location of the tunnel. In
continuous mode (Figure 3 a), it is difficult to calculate
the width, overburden depth and the position of the tun-
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‘ Gauss (gaus7) | | Daubechies (db3)

Overall methodology on GPR data processing and application of CWT.

nel, because time-based data has no real distance tag due
to uncontrolled manual speed of the antenna system
during data acquisition. So it has poor understanding on
distance covered at any instantaneous time. However, two
edges E1 and E2 can be observed in the profile, which
delineate the tunnel. In continuous mode (Figure 3 a),
GPR signature is not very clear because, it is important to
move antenna at a constant speed (some times it is poorly
controlled during manual data acquisition), which is a
function of the scan spacing (horizontal resolution) of
time-based data profiles. Based on continuous mode sur-
vey, we have carried out GPR data acquisition in point
mode to locate the exact position and overburden depth of
the tunnel.

Figure 3 b shows the GPR response over the tunnel us-
ing 80 MHz antenna in point mode. The tunnel width and
overburden depth have been calculated approximately
10 m and 2 m respectively, two edges (kink in the profile)
have been observed in each profile, one at 32 m (E3) and
another at 42 m (E4) approximately. Figure 3 ¢ shows
GPR response over the tunnel using 40 MHz antenna in
point mode. The edges of tunnel (E5 and E6) have been
detected at the same profile distance, width and overbur-
den depth are 10 m and 2 m respectively, results are
almost the same as in 80 MHz antenna in point mode.
The rectangular blocks R1, R2 and R3 in Figure 3 a—c
show the ringing noise. These noises arise due to the re-
verberation of GPR reflected wave’>**. This patch of
ringing noise is caused by the void space of the tunnel in
both time (R1) and point mode (R2 and R3) GPR data. It
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Figure 3. Processed ground penetrating radar section over tunnel. a, Time mode section; b, 80 MHz point mode section; c,
40 MHz point mode section. Vertical down arrow indicates the position of single wave shown in oscilloscope format.
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can be observed that 40 MHz configuration renders
greater depth of penetration but at the expense of vertical
resolution (Figure 3 ¢), in comparison to the 80 MHz con-
figuration (Figure 3 b).

Further based on GPR data interpretation, we have
picked a horizontal wavelet of around the same time
depth at which tunnel has been detected. CWT has been
performed on the selected GPR wavelet using different
mother wavelets. Figure 4 a and b shows the plot of the
normalized mean power of the Gauss and Daubechies
mother wavelets. From these plots it can be inferred that
maximum normalized mean power of CWT coefficients
is associated with Gauss mother wavelet at decomposi-
tion level 7 and with Daubechies mother wavelet at
decomposition level 3 (db3). Figures 5-7 indicate the
continuous wavelet transform coefficient plots for Harr,
Gauss (gaus7) and Daubechies (db3) mother wavelets of
GPR signal respectively. The abrupt change in GPR sig-
nal amplitude can be observed at the maximum value of
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Continuous wavelet transform outputs. a, Processed GPR signal; b, Scalogram plot using Haar mother wavelet.

the CWT coefficient scale. Figures 5 a, 6 a and 7 a are the
GPR signal, which has been selected for CWT analysis.
Scalogram plot for Haar (Figure 5 b), Gauss7 (Figure 6 b)
and db3 (Figure 7 b) resulted in the high coefficient val-
ues (HIGH1 and HIGH2) at the positions where abrupt
changes in signal are taking place. The depth has been
estimated using CWT technique for all mother wavelet at
the maximum dilation value. The depth level is equiva-
lent to the dilation scale (s), which results into the
approximately same overburden depth value (~2 m) for
all mother wavelet. Total number of scans collected for
the profile is 250 and in each 1 m distance there are 5
scans (scan/unit is 5). The width of the tunnel has been
calculated by subtracting both scan values and then divi-
sion by 5. Harr mother wavelet (Figure 5 b) indicates tun-
nel boundaries approximately at 140 and 195 scan
numbers (i.e. tunnel width ~11m). Similarly, Gauss
mother wavelet (Figure 6 b) indicates tunnel boundaries
approximately at 145 and 195 scan numbers (i.e. tunnel
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width ~10 m). Whereas, Daubechies mother wavelet
(Figure 7 b) indicates tunnel boundaries approximately at
138 and 212 scan numbers (i.e. tunnel width ~15 m).
Initially, we acquired GPR data in time mode over a
known tunnel and identified the position of the tunnel
after completing the required processing in a standard
software. It is observed that time mode data can be used
as an initial survey to decide the profile lines for point
mode GPR data collection. It is found that depth of pene-
tration of 40 MHz frequency antenna is more than the
80 MHz antenna but at the cost of vertical resolution.
CWT technique has been verified as an efficient alterna-
tive approach for GPR data interpretation for tunnel
detection. A comparative analysis for width and depth
estimation using GPR and CWT techniques shows a good

1110

150 200 250

Continuous wavelet transform outputs. a, Processed GPR signal; b, Scalogram plot using Daubechies mother wavelet.

match. Selection of suitable mother wavelet is essential
for performing CWT and hence we have selected a moth-
er wavelet with a high value of normalized mean power.
In the present study, we have chosen three mother wave-
lets Haar, Gauss and Daubechies at different decomposi-
tion levels. The normalized mean power of wavelet
coefficient for Gauss and Daubechies mother wavelets
shows the highest value at level 7 (gaus7) and level 3
(db3) respectively, which are further used for CWT. It is
observed that CWT using all three mother wavelets indi-
cates the same overburden depth of tunnel, which is
approximately 2 m. However, width of the tunnel varies
for all mother wavelets. Interestingly, both Harr and
Gauss mother wavelets indicate a good match with the re-
sults (~10 m width) of the standard software (RADAN) in
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delineation of tunnel width. CWT has been found to be
an effective alternative approach to interpret the GPR
data.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

. Delwar, H., Evaluation of ground penetrating radar and resistivity

profilings for characterizing lithology and moisture content
changes: a case study of the high-conductivity United Kingdom
Triassic sandstones. J. Geophys. Eng., 2013, 10, 9.

Huoo, Ni. S., Huang, Y. H., Lo, K. F. and Lin, D. C., Buried pipe
detection by ground penetrating radar using the discrete wavelet
transform. Comput. Geotechnol., 2010, 37, 440—448.

Shi, Z., Tian, G., Hobbs, R. W., Wo, H., Lin, J., Wu, L. and Liu,
H., Magnetic gradient and ground penetrating radar prospecting of
buried earthen archaeological remains at the Qocho City site in
Turpan, China. Near Surf. Geophys., 2015, 13, 1-8.

Conyers, L. B., Ground-Penetrating Radar: An Introduction for
Archaeologists, AltaMira Press, Walnut Creek, CA, 1997.

Zhao, Y., Wu, J., Xie, X., Chen, J. and Ge, S., Multiple suppres-
sion in GPR image for testing back-filled grouting within shield
tunnel. In 13th International Conference on Ground Penetrating
Radar, Lecce, Italy, 2010.

Zhao, Y., Chen, J. and Ge, S., Maxwell curl equation datuming for
GPR test of tunnel grouting based on Kirchhoff integral solution.
In 6th International Workshop on Advanced Ground Penetrating
Radar (IWAGPR), Aachen, Germany, 2011, pp. 1-6.

Rong, L. X., Xun, S. J., Feng, L. Y., Hong, Z. C. and Yang, X. H.,
Study on the compound detection method of tunnel cavity disas-
ters. J. Mining Safety Eng., 2011, 4, 633—-637.

Ralston, J. and Hainsworth, D. W., Application of ground pene-
trating radar for coal depth measurement. In IEEE International
Conference on Acoustics, Speech and Signal Processing
(ICASSP99), 1999, 4, 2275-2278.

Singh, K. K. K., MineVue radar for delineation of coal barrier
thickness in underground coal mines: case studies. J. Geol. Soc.
India, 2015, 82, 247-253.

Singh, K. K. K., Application of ground penetrating radar for
hydro-geological study. J. Sci. Ind. Res., 2006, 65, 160—164.
Kuloglu, M. and Chen, C., Ground penetrating radar for tunnel
detection. In Geoscience and Remote Sensing Symposium
(IGARSS), IEEE International, 2010.

Lee, K., Szerbiak, R., McMechan, G. A. and Hwang, N., A 3-D
ground-penetrating radar and wavelet transform analysis of the
morphology of shore face deposits in the Upper Cretaceous Ferron
Sandstone Member, Utah. AAPG Bull., 1996, 93, 181-201.

Zhou, W., Wang, G., Chen, X., Chen, M. and Tian, M., Classifica-
tion of ground penetrating radar echo signals using wavelet packet
and RBF, IEEE Conf Radar, 2006.

Idi, B. Y. and Kamarudin, M. N., Interpretation of ground pene-
trating radar image using digital wavelet transform. Asian J. Appl.
Sci., 2012, 5, 174-182.

Chandrasekhar, E. and Rao, V. E., Wavelet analysis of geophysi-
cal well-log data of Bombay Offshore Basin, India. Math Geosci.,
2012, 44, 901-928.

Mukherjee, B., Srivardhan, V. and Roy, P. N. S., Identification of
formation interfaces by using wavelet and Fourier transforms. J.
Appl. Geophys., 2016, 128, 140—149.

Singh, A. and Singh, U. K., Wavelet analysis of residual gravity
anomaly profiles: Modeling of Jharia Coal Basin, India. J. Geol.
Soc. India, 2016, 86(6), 679-686.

Goyal, P. and Tiwari, V. M., Application of the continuous wave-
let transform of gravity and magnetic data to estimate sub-basalt
sediment thickness. Geophys. Prospect., 2014, 62, 148—157.
Ouadfeul, S. A. and Aliouane, L., Noise attenuation from GPR
data using wavelet transform and artificial neural network. Int. J.
Appl. Phys. Math., 2014, 4(6), 426-433.

CURRENT SCIENCE, VOL. 118, NO. 7, 10 APRIL 2020

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

Liu, L. and Oristaglio, M., GPR signal analysis: Instantaneous
parameter estimation using the wavelet transform. Proceedings of
the 7th International Conference on Ground Penetrating Radar,
1998.

Topp, G. C., Davis, J. L. and Annan, A. P., Electromagnetic deter-
mination of soil water content: measurements in coaxial transmis-
sion lines. Water Resour. Res., 1980, 16, 574-582.

Olhoeft, G. R., Applications and limitations of ground penetrating
radar. Soc. Explor. Geophys., 1984, 54th Annual International
Meeting, Atlanta, GA, pp. 147-148 abstr.).

Haeni, F. P., McKeegan, D. K. and Capron, D. R., Ground pene-
trating radar study of the thickness and extent of sediments be-
neath Silver Lake, Berlin and Meriden, Connecticut. US Geol.
Surv. Water Resour. Invest., 1987, 19, 85-4108.

Beres, M. and Haeni, F. P., Application of ground-penetrating
radar methods to hydrogeologic studies. Ground Water, 1991, 29,
375-386.

Benson, A. K., Application of ground-penetrating radar in assess-
ing some geological hazards: examples of ground water contami-
nation, faults, cavities. J. Appl. Geophys., 1995, 33, 177-193.
Chlaib, H. K., Abdulnaby, W. and Abd, N., Application of the
ground penetrating radar to detect weapons caches and unexploded
ordnance: laboratory experiments. /OSR J. Appl. Geol. Geophys.,
2014, 2, 41-50.

Polikar, R., The story of wavelets. In Physics and Modern Topics
in Mechanical and Electrical Engineering (ed. Mastorakis, N.),
World Scientific and Engineering Society Press, Greece, 1999, pp.
192-197.

Boggess, A. and Narcowich, F. J., 4 First Course in Wavelets
With Fourier Analysis, Prentice-Hall, Englewood Cliffs, NIJ,
2001.

Moreau, F., Gibert, D., Holschneider, M. and Saracco, G., Wave-
let analysis of potential fields. /nverse Problem, 1997, 13, 165—
178.

Moreau, F., Gibert, D., Holschneider, M. and Saracco, G., Identi-
fication of sources of potential fields with the continuous wavelet
transform: Basic theory. J. Geophys. Res., 1999, 104, 5003—
5013.

Misiti, M., Misiti, Y., Oppenheim, G. and Poggi, J. M., Wavelet
Toolbox for Use with MATLAB User’s Guide, The Math Works
Inc., Natick, MA, USA, 2000, p. 572.

Solla, M., Lorenzo, H., Rial, F. I. and Novo, A., Ground-
penetrating radar for the structural evaluation of masonry bridges:
Results and interpretational tools. Construct. Build. Mat., 2012,
29, 458-465.

Kofman, L., Ronen, A. and Frydman, S., Detection of model voids
by identifying reverberation phenomena in GPR records. J. 4ppl.
Geophys., 2006, 59, 284-299.

ACKNOWLEDGEMENTS. We thank NRSC, ISRO, Govt of India
for funding project No. ISRO/RES/4/630/2016-17. We also thank UGC
(UGC CAS, F560/1/CAS/2009/SAP-1) and DST (No. SR/FST/ESI-
104/2010), Govt of India for research funding to the Dept of Applied
Geophysics, IIT(ISM), Dhanbad. We also thank the Director, IIT(ISM),
Dhanbad and the HOD, AGP, IIT(ISM) for their keen interest in this
study.

Received 12 July 2019; accepted 17 December 2019

doi: 10.18520/cs/v118/i7/1104-1111

1111




<<
  /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


