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Comparison of low-frequency data from co-located receivers
using frequency dependent least-squares-subtraction scalars

Kevin W. Hall, Gary F. Margrave and Malcolm B. Bertram

ABSTRACT

Eight-trace shot gathers were created from a subset of the data collected during the
Priddis low-frequency comparison test. For this study, we are only considering the 2-10
Hz EnviroVibe shots. The geophone data were decimated to a ten meter spacing to match
the other datasets. The southernmost receiver station was dropped from the geophone and
accelerometer data, as there was no seismometer to compare to for this station. Sixty
seconds of seismometer data were extracted from the continuous data stream based on
time of shot, de-biased to remove the resulting (sometimes large) zero Hz component,
and re-sampled from 10 ms to 2 ms to match the other data. The resulting datasets were
aligned based on cross-correlations, and then compared by filtering the traces with a 1 Hz
wide sliding bandpass filter (0.1 Hz increment from 2-10 Hz), and calculating a least-
squares-subtraction scalar (LSSS) for each bandpass filter step. In general, the integrated
Sercel 428 XL/DSU3 data is closest in overall amplitude to the raw Nanometrics/Trillium
seismometer data. The Aries/geophone and Ion/VectorSeis data are roughly 10° times
smaller than the seismometer data in amplitude. The LSSS depend on amplitude,
frequency, phase, source-receiver offset, and quality of sensor placement in or on the
ground.

INTRODUCTION

The 2009 Priddis seismometer test survey is described by Bertram et al. (2009), and
are also analyzed by Eaton et al. (2009). Figure 1 shows a detailed schematic of the
survey layout in the field. Four recording systems were used (Table 1). Seismometers and
3C geophones were oriented inline, accelerometers were aligned to magnetic north. For
this report, we are disregarding data collected from the weight-drop source and for all 2-
100 Hz vibe sweeps (Table 2). The 2-100 Hz sweeps are being excluded, at least initially,
due to the fact that the seismometers have a maximum sample rate of 10 ms, which yields
a Nyquist frequency of 50 Hz. The mono-frequency 3 and 5 Hz sweeps were used for
testing code, but not for analysis. As the EnviroVibe is not designed to operate below
eight Hertz, the sweeps were done at 10% of maximum force, and many phase errors
were observed in the field. Since we are looking at uncorrelated data, this is not expected
to be a factor.

It turns out that we cannot use the unmodified raw data for two main reasons: 1) while
three of the recording systems sampled the wavefield at a two millisecond sample rate,
the seismometer data were sampled at ten milliseconds, and 2) the data do not have a
precise time-zero for each shot. The seismometers synchronize with GPS time, and the
system clocks of the other recorders were manually synchronized to GPS time. This
means that there could be up to one second of error in the time of shot when comparing
between the different systems. In addition, there is no time-break available for the
seismometer (no trigger recorded) or DSU3 data, as the Sercel system was manually
triggered prior to each shot.
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FIG. 1. Schematic of survey layout at the Priddis test site.

Table 1. Recording system low-cut filters

Operator/Recording Recording system Sensor Low-cut filter
system/Sensor

University of Calgary  Aries 10 Hz 3C geophones 1 Hz

Ion Scorpion VectorSeis 1.46 Hz
CGGVeritas Sercel 428XL DSU3 None
University of Calgary = Nanometrics Trillium  Broad-band seismometer 0.004 Hz
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Table 2. List of data used for this report. Weight-drop source and 2-100 Hz sweeps are omitted.

ARAM Description

FFID

39-40 North VP, 2-10 Hz, 50 s, 25 s start taper, 0.1 s end taper
45-50 North VP, 2-10 Hz, 30 s, 15 s start taper, 0.1 s end taper
51-54 North VP, 2-10 Hz, 10's, 5 s start taper, 0.1 s end taper
55-58 North VP, 5 Hz mono, 30 s, 0.1 s start/end taper

59-62 North VP, 3 Hz mono, 30 s, 0.1 s start/end taper

71-72 South VP p, 2-10 Hz, 50 s, 25 s start taper, 0.1 s end taper
73-74 South VP, 2-10 Hz, 30 s, 15 s start taper, 0.1 s end taper
75-76 South VP, 2-10 Hz, 10's, 5 s start taper, 0.1 s end taper
77-78 South VP, 5 Hz mono, 30 s, 0.1 s start/end taper

79-80 South VP, 3 Hz mono, 30 s, 0.1 s start/end taper

LEAST-SQUARES-SUBTRACTION SCALARS (LSSS)

The amplitudes of any two data traces (S; and S,), can be matched by multiplying one
of the traces by some constant, a. The best-fit constant can be determined in a least-
squares-subtraction sense by defining some number

£ = Y (S — aSy)?, (1)

where k represents individual samples within each data trace. Differentiating & with
respect to @ and requiring that the result equal zero gives

1 0¢

395 = 2k SueSak — aXy S% =0, (2)
which can then be solved for
_ 2k S1kS2k
= B, G

where equation (3) is equivalent to the zero-lag cross-correlation divided by the zero-lag
auto-correlation.

In order to investigate amplitude dependence on frequency, the input traces are
narrow-pass filtered before calculating the LSSS. For this report, input traces were
filtered with a series of 1 Hz wide bandpass filters from 2-10 Hz in 0.1 Hz increments.
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So, for subsequent figures, the LSSS plotted at 2 Hz will be the result from equation (3)
for input traces filtered with a 1.5-2.5 Hz pass-band.

Testing using synthetic 2-10 Hz sweeps in Matlab shows that if trace S; equals trace
S,*2, the LSS scalar will be 2 for all frequencies. If §; = §,%0.5, the answer will be 0.5
for all frequencies. If S; = S, the answer will be 1, but, if we time-shift S, relative to S;
the answer varies from +1 to -1 for a synthetic mono-frequency sweep (not shown), and
between +1 and -0.8 for our synthetic 2-10 Hz sweep (Figure 2).

Results for time-shifted 2-10 Hz synthetic sweep

0§ 3 4 5 6 7 8 9 10
Frequency (Hz)

FIG. 2. Frequency dependent LSSS results for a synthetic 2-10 Hz sweep compared to multiple
time-shifted copies (one sample shift per calculation for one 2 Hz cycle).

DATA PREPARATION

Figure 3 shows the processing flow used to calculate frequency dependent LSSS.
Matlab was used to extract sixty seconds of seismometer data from the continuous data
stream using a start time based on time of Aries shot from the Aries observer’s notes.
Source gathers were then created for each component (east, north and vertical) and
written to SEG-Y. GEDCO Vista was then used to combine and sort the data for the four
receiver types. The data were coarsely aligned to a zero time that was arbitrarily set to
100 ms. The seismometer data were de-biased and re-sampled to a two ms sample rate to
match the other datasets. De-biasing is required since low frequency components (less
than one Hertz) in the seismometer data were truncated when the sixty second records
were extracted, resulting in an apparent DC bias. Accelerometer data were integrated to
obtain velocity curves. The sorted and combined datasets (vertical, inline, crossline) were
written to SEG-Y for further processing in Matlab. No component rotations have been
performed for this initial work.

Figure 4 shows the combined dataset with traces individually RMS scaled for display.
Note that at this scale, the character of the uncorrelated data is clearly different for the
north versus the south vibe point. This appearance carries through to the amplitude
spectra (Figure 5; RMS scaled for display). Interestingly, there are no obvious differences
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between the amplitude spectra for the 10, 30 and 50 s long 2-10 Hz sweeps. There is a
peak at 5 Hz for the 5 Hz sweep, and harmonics at 10, 15, 20 Hz, etc. There is no visible
peak for the 3 Hz mono-frequency sweep at this scale, but 9 Hz and higher harmonics can
be seen. Both mono-frequency sweeps show a prominent peak at the 15 Hz harmonic. For
the 2-10 Hz sweeps, most of the amplitude content appears between 15 and 35 Hz, and is
likely due to recorder generators and source noise.

Geophone VectorSeis Trillium

Extract, De-

Decimate Integrate Integrate bias, Re-
sample

Loop: Traces
Filter Traces
Align Traces
Loop: Frequencies
Calculate LSS scalar
End
End

Average
LSS scalars

FIG. 3. Processing Flow.
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FIG. 4. Display of all vertical component Mini-Vibe uncorrelated data (sensors interleaved) used
for this report. Traces are individually RMS scaled for display.
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FIG. 5. Amplitude spectra for Figure 2, spectra are individually RMS scaled for display.

Data alignment

The geophone and accelerometer data were filtered (2-10 Hz) and aligned to the
seismometer traces station by station using ‘filtf,” ‘maxcorr’ modified to return the
maximum positive correlation rather than the maximum correlation, and ‘stat’ to sub-
sample time-shift the traces (eg. Figure 6). ‘Sectfilt,” ‘maxcorr,” and ‘stat’ are available in
the CREWES Matlab toolbox. The data compare well visually, but minor differences can
be seen throughout the sweep. The seismometer response at the end of the sweep is larger
in amplitude than any of the other sensors.

Least-squares-subtraction scalar results for real data

Figure 7 shows the LSSS calculated for the traces shown in Figure 6, and Figure 8
shows the LSSS calculated for all of the 2-10 Hz data for the North VP (data shown in
Figure 4). The dashed lines in Figure 8 have the same slope, and highlight a source-
receiver offset dependence of the LSSS. The data for the South VP show an opposite
slope (not shown). Black rectangles show a LSSS anomaly at receiver station 5 (90 m
from the northern VP). It can be clearly seen on the geophone and VectorSeis
comparisons, but is less clear on the DSU3 plot.

Figure 9 shows the LSSS curves for all 2-10 Hz sweeps (north and south VP’s). This
is essentially a sideways view of Figure 8. Disregarding any offset effects, the average
curves for these LSSS data are shown in Figure 10, which looks very similar to the result
from a single trace (eg. Figure 7).
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FIG. 6. Aligned traces from the northernmost receiver station (vertical component, uncorrelated)
for Aries FFID 54 (North VP, 2-10 Hz 10 s sweep). Red is the geophone data; Magenta is the
integrated VectorSeis data; Blue is the integrated DSU3 data; Black is the seismometer data
(repeated three times). All traces are 2-10 Hz bandpass filtered for trace alignment and display.
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FIG. 7. Frequency dependent least-squares-subtraction scalars for unscaled trace 25 (scaled
traces shown in Figure 6). Red line is the geophone data; Magenta line is the integrated
VectorSeis data; Blue line is the integrated DSUS3 data.
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FIG. 8. LSSS for all 2-10 Hz sweeps at the northern VP, normalized for display. Dashed lines
(same slope) show a LSSS dependence on source-receiver offset for all sensors. Black
rectangles highlight an LSSS anomaly at station 5.
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FIG. 9. LSS scalars for all 2-10 Hz sweeps (N and S VP’s). Red lines are for geophone data;
Magenta lines are for integrated VectorSeis data; Blue lines are for integrated DSU3 data.
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FIG. 10. Averaged least-squares-subtraction scalars for all sensors, all 2-10 Hz sweeps. Red
lines are the geophone data; Magenta lines are the integrated VectorSeis data; Blue lines are the
integrated DSUS3 data.

DISCUSSION

The least-squares-subtraction scalar has been shown to depend on amplitude and phase
in synthetic data. Real data results show that the LSSS is frequency dependent (Figure 8-
10). The results for station 5 of the real data show that it also depends on the quality of
sensor placement in or on the ground (black rectangles; Figure 8). The LSSS anomaly at
station 5 can be clearly seen on the geophone, integrated Vectorseis and integrated DSU3
LSSS curves, implying that the seismometer placement at station 5 was somehow
different than at adjacent stations. Finally, the dashed lines in Figure 5 highlight source-
receiver offset dependent effects in the LSSS.

The geophone data amplitudes are 10 times smaller than the seismometer amplitudes,
and the Vectorseis data are similar, at 10° times smaller. The DSU3 amplitudes are
closest to the raw seismometer amplitudes. If instrument response was identical, or
merely scaled in amplitude, the LSSS curves should be horizontal lines. The fact that they
are not may be explained by the observation that filtering with a 2-10 Hz pass-band
before aligning the traces gives a different LSSS result than filtering with a 2-40 Hz pass-
band, or not filtering at all. This suggests that we may need to examine trace alignment
after applying the narrow-pass filters, and possibly consider doing the trace alignment
after the filter. Performing the calculations in this manner would take considerably more
computation time.

The geophone versus seismometer LSSS curve looks quite different than the
accelerometer curves. The general decrease in geophone amplitude towards lower
frequencies relative to the seismometer data (increase in LSSS curve; Figures 7 and 10) is

CREWES Research Report — Volume 21 (2009) 9



Hall, Margrave, and Bertram

likely due to our narrow-pass filters starting to see the low-cut filter in the Aries
recording system.

The Vectorseis and DSU3 versus seismometer LSSS curves are quite similar to each
other, disregarding scale. These data appear to match the seismometer data best below 4
Hertz, and less well at higher frequencies. Again, this result could be due to issues with
trace alignment after narrow-pass filtering.

The fact that the VectorSeis and DSU3 LSSS curves are similar to each other, but
different to the geophone result shows that the LSSS can be used to conduct sensor
comparisons.

FUTURE WORK

We need to do more work to confirm, and refine these initial results. We also need to
examine the inline and crossline components of this dataset, as well as the weight-drop
and 2-100 Hz sweep data.

ACKNOWLEDGEMENTS

We would like to thank the field crew, which included CREWES faculty, staff and
students, as well as Kris Dash from ARAM Systems, Tom Preusser and Aaron Kennedy
from CGGVeritas (Sercel/DSU3), Brett Frederickson from ION (Scorpion/Vectorseis),
and Waled Bin Merdhah from ERCB/Alberta Geological Survey (Nanometrics/Trillium).
We would also like to thank Dave Eaton for allowing the use of his seismometers for this
experiment.

REFERENCES

Bertram, M.B., Hall, K.W., Margrave, G.F., Lawton, D.C., Wong, J., Gallant, E.V., 2009, Seismic
acquisition projects 2009: Crewes Research Report: 21.

Eaton, D.W., Pidlisecky, A., Ferguson, R.J., Hall, K.W., 2009, Absolute strain determination from a
calibrated seismic field experiment: Crewes Research Report, 21.

10 CREWES Research Report — Volume 21 (2009)



	Comparison of low-frequency data from co-located receivers using frequency dependent least-squares-subtraction scalars
	abstract
	introduction
	Least-squares-subtraction scalars (LSSS)
	DATA preparation
	Data alignment
	Least-squares-subtraction scalar results for real data

	discussion
	Future work
	acknowledgements
	references


<<

  /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 /Warning

  /CompatibilityLevel 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

    /AgencyFB-Bold

    /AgencyFB-Reg

    /Aharoni-Bold

    /Algerian

    /Andalus

    /AngsanaNew

    /AngsanaNew-Bold

    /AngsanaNew-BoldItalic

    /AngsanaNew-Italic

    /AngsanaUPC

    /AngsanaUPC-Bold

    /AngsanaUPC-BoldItalic

    /AngsanaUPC-Italic

    /ArabicTypesetting

    /Arial-Black

    /Arial-BoldItalicMT

    /Arial-BoldMT

    /Arial-ItalicMT

    /ArialMT

    /ArialNarrow

    /ArialNarrow-Bold

    /ArialNarrow-BoldItalic

    /ArialNarrow-Italic

    /ArialRoundedMTBold

    /ArialUnicodeMS

    /BaskOldFace

    /Batang

    /BatangChe

    /Bauhaus93

    /BellMT

    /BellMTBold

    /BellMTItalic

    /BerlinSansFB-Bold

    /BerlinSansFBDemi-Bold

    /BerlinSansFB-Reg

    /BernardMT-Condensed

    /BlackadderITC-Regular

    /BodoniMT

    /BodoniMTBlack

    /BodoniMTBlack-Italic

    /BodoniMT-Bold

    /BodoniMT-BoldItalic

    /BodoniMTCondensed

    /BodoniMTCondensed-Bold

    /BodoniMTCondensed-BoldItalic

    /BodoniMTCondensed-Italic

    /BodoniMT-Italic

    /BodoniMTPosterCompressed

    /BookAntiqua

    /BookAntiqua-Bold

    /BookAntiqua-BoldItalic

    /BookAntiqua-Italic

    /BookmanOldStyle

    /BookmanOldStyle-Bold

    /BookmanOldStyle-BoldItalic

    /BookmanOldStyle-Italic

    /BookshelfSymbolSeven

    /BradleyHandITC

    /BritannicBold

    /Broadway

    /BrowalliaNew

    /BrowalliaNew-Bold

    /BrowalliaNew-BoldItalic

    /BrowalliaNew-Italic

    /BrowalliaUPC

    /BrowalliaUPC-Bold

    /BrowalliaUPC-BoldItalic

    /BrowalliaUPC-Italic

    /BrushScriptMT

    /Calibri

    /Calibri-Bold

    /Calibri-BoldItalic

    /Calibri-Italic

    /CalifornianFB-Bold

    /CalifornianFB-Italic

    /CalifornianFB-Reg

    /CalisMTBol

    /CalistoMT

    /CalistoMT-BoldItalic

    /CalistoMT-Italic

    /Cambria

    /Cambria-Bold

    /Cambria-BoldItalic

    /Cambria-Italic

    /CambriaMath

    /Candara

    /Candara-Bold

    /Candara-BoldItalic

    /Candara-Italic

    /Castellar

    /Centaur

    /Century

    /CenturyGothic

    /CenturyGothic-Bold

    /CenturyGothic-BoldItalic

    /CenturyGothic-Italic

    /CenturySchoolbook

    /CenturySchoolbook-Bold

    /CenturySchoolbook-BoldItalic

    /CenturySchoolbook-Italic

    /Chiller-Regular

    /ColonnaMT

    /ComicSansMS

    /ComicSansMS-Bold

    /Consolas

    /Consolas-Bold

    /Consolas-BoldItalic

    /Consolas-Italic

    /Constantia

    /Constantia-Bold

    /Constantia-BoldItalic

    /Constantia-Italic

    /CooperBlack

    /CopperplateGothic-Bold

    /CopperplateGothic-Light

    /Corbel

    /Corbel-Bold

    /Corbel-BoldItalic

    /Corbel-Italic

    /CordiaNew

    /CordiaNew-Bold

    /CordiaNew-BoldItalic

    /CordiaNew-Italic

    /CordiaUPC

    /CordiaUPC-Bold

    /CordiaUPC-BoldItalic

    /CordiaUPC-Italic

    /CourierNewPS-BoldItalicMT

    /CourierNewPS-BoldMT

    /CourierNewPS-ItalicMT

    /CourierNewPSMT

    /CurlzMT

    /DaunPenh

    /David

    /David-Bold

    /DFKaiShu-SB-Estd-BF

    /DilleniaUPC

    /DilleniaUPCBold

    /DilleniaUPCBoldItalic

    /DilleniaUPCItalic

    /DokChampa

    /Dotum

    /DotumChe

    /EdwardianScriptITC

    /Elephant-Italic

    /Elephant-Regular

    /EngraversMT

    /ErasITC-Bold

    /ErasITC-Demi

    /ErasITC-Light

    /ErasITC-Medium

    /EstrangeloEdessa

    /EucrosiaUPC

    /EucrosiaUPCBold

    /EucrosiaUPCBoldItalic

    /EucrosiaUPCItalic

    /EuphemiaCAS

    /FangSong

    /FelixTitlingMT

    /FootlightMTLight

    /ForteMT

    /FranklinGothic-Book

    /FranklinGothic-BookItalic

    /FranklinGothic-Demi

    /FranklinGothic-DemiCond

    /FranklinGothic-DemiItalic

    /FranklinGothic-Heavy

    /FranklinGothic-HeavyItalic

    /FranklinGothic-Medium

    /FranklinGothic-MediumCond

    /FranklinGothic-MediumItalic

    /FrankRuehl

    /FreesiaUPC

    /FreesiaUPCBold

    /FreesiaUPCBoldItalic

    /FreesiaUPCItalic

    /FreestyleScript-Regular

    /FrenchScriptMT

    /Garamond

    /Garamond-Bold

    /Garamond-Italic

    /Gautami

    /Georgia

    /Georgia-Bold

    /Georgia-BoldItalic

    /Georgia-Italic

    /Gigi-Regular

    /GillSansMT

    /GillSansMT-Bold

    /GillSansMT-BoldItalic

    /GillSansMT-Condensed

    /GillSansMT-ExtraCondensedBold

    /GillSansMT-Italic

    /GillSans-UltraBold

    /GillSans-UltraBoldCondensed

    /Gisha

    /Gisha-Bold

    /GloucesterMT-ExtraCondensed

    /GoudyOldStyleT-Bold

    /GoudyOldStyleT-Italic

    /GoudyOldStyleT-Regular

    /GoudyStout

    /Gulim

    /GulimChe

    /Gungsuh

    /GungsuhChe

    /Haettenschweiler

    /HarlowSolid

    /Harrington

    /HighTowerText-Italic

    /HighTowerText-Reg

    /Impact

    /ImprintMT-Shadow

    /InformalRoman-Regular

    /IrisUPC

    /IrisUPCBold

    /IrisUPCBoldItalic

    /IrisUPCItalic

    /IskoolaPota

    /JasmineUPC

    /JasmineUPCBold

    /JasmineUPCBoldItalic

    /JasmineUPCItalic

    /Jokerman-Regular

    /JuiceITC-Regular

    /KaiTi

    /Kalinga

    /Kartika

    /KodchiangUPC

    /KodchiangUPCBold

    /KodchiangUPCBoldItalic

    /KodchiangUPCItalic

    /KristenITC-Regular

    /KunstlerScript

    /Latha

    /LatinWide

    /Leelawadee

    /Leelawadee-Bold

    /LevenimMT

    /LevenimMT-Bold

    /LilyUPC

    /LilyUPCBold

    /LilyUPCBoldItalic

    /LilyUPCItalic

    /LucidaBright

    /LucidaBright-Demi

    /LucidaBright-DemiItalic

    /LucidaBright-Italic

    /LucidaCalligraphy-Italic

    /LucidaConsole

    /LucidaFax

    /LucidaFax-Demi

    /LucidaFax-DemiItalic

    /LucidaFax-Italic

    /LucidaHandwriting-Italic

    /LucidaSans

    /LucidaSans-Demi

    /LucidaSans-DemiItalic

    /LucidaSans-Italic

    /LucidaSans-Typewriter

    /LucidaSans-TypewriterBold

    /LucidaSans-TypewriterBoldOblique

    /LucidaSans-TypewriterOblique

    /LucidaSansUnicode

    /Magneto-Bold

    /MaiandraGD-Regular

    /MalgunGothicBold

    /MalgunGothicRegular

    /Mangal

    /Marlett

    /MaturaMTScriptCapitals

    /Meiryo

    /Meiryo-Bold

    /Meiryo-BoldItalic

    /Meiryo-Italic

    /MicrosoftHimalaya

    /MicrosoftJhengHeiBold

    /MicrosoftJhengHeiRegular

    /MicrosoftSansSerif

    /MicrosoftUighur

    /MicrosoftYaHei

    /MicrosoftYaHei-Bold

    /Microsoft-Yi-Baiti

    /MingLiU

    /MingLiU-ExtB

    /Ming-Lt-HKSCS-ExtB

    /Ming-Lt-HKSCS-UNI-H

    /Miriam

    /MiriamFixed

    /Mistral

    /Modern-Regular

    /MongolianBaiti

    /MonotypeCorsiva

    /MoolBoran

    /MS-Gothic

    /MS-Mincho

    /MSOutlook

    /MS-PGothic

    /MS-PMincho

    /MSReferenceSansSerif

    /MSReferenceSpecialty

    /MS-UIGothic

    /MVBoli

    /Narkisim

    /NiagaraEngraved-Reg

    /NiagaraSolid-Reg

    /NSimSun

    /Nyala-Regular

    /OCRAExtended

    /OldEnglishTextMT

    /Onyx

    /PalaceScriptMT

    /PalatinoLinotype-Bold

    /PalatinoLinotype-BoldItalic

    /PalatinoLinotype-Italic

    /PalatinoLinotype-Roman

    /Papyrus-Regular

    /Parchment-Regular

    /Perpetua

    /Perpetua-Bold

    /Perpetua-BoldItalic

    /Perpetua-Italic

    /PerpetuaTitlingMT-Bold

    /PerpetuaTitlingMT-Light

    /PlantagenetCherokee

    /Playbill

    /PMingLiU

    /PMingLiU-ExtB

    /PoorRichard-Regular

    /Pristina-Regular

    /Raavi

    /RageItalic

    /Ravie

    /Rockwell

    /Rockwell-Bold

    /Rockwell-BoldItalic

    /Rockwell-Condensed

    /Rockwell-CondensedBold

    /Rockwell-ExtraBold

    /Rockwell-Italic

    /Rod

    /ScriptMTBold

    /SegoePrint

    /SegoePrint-Bold

    /SegoeScript

    /SegoeScript-Bold

    /SegoeUI

    /SegoeUI-Bold

    /SegoeUI-BoldItalic

    /SegoeUI-Italic

    /ShowcardGothic-Reg

    /Shruti

    /SimHei

    /SimplifiedArabic

    /SimplifiedArabic-Bold

    /SimplifiedArabicFixed

    /SimSun

    /SimSun-ExtB

    /SnapITC-Regular

    /Stencil

    /Sylfaen

    /SymbolMT

    /Tahoma

    /Tahoma-Bold

    /TempusSansITC

    /TimesNewRomanPS-BoldItalicMT

    /TimesNewRomanPS-BoldMT

    /TimesNewRomanPS-ItalicMT

    /TimesNewRomanPSMT

    /TraditionalArabic

    /TraditionalArabic-Bold

    /Trebuchet-BoldItalic

    /TrebuchetMS

    /TrebuchetMS-Bold

    /TrebuchetMS-Italic

    /Tunga

    /TwCenMT-Bold

    /TwCenMT-BoldItalic

    /TwCenMT-Condensed

    /TwCenMT-CondensedBold

    /TwCenMT-CondensedExtraBold

    /TwCenMT-Italic

    /TwCenMT-Regular

    /Verdana

    /Verdana-Bold

    /Verdana-BoldItalic

    /Verdana-Italic

    /VinerHandITC

    /Vivaldii

    /VladimirScript

    /Vrinda

    /Webdings

    /Wingdings2

    /Wingdings3

    /Wingdings-Regular

    /ZWAdobeF

  ]

  /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



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

  >>

  /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



