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Abstract. In this paper the applications of group delay in seismic vibration signals analysis are
discussed. A method which bases on the autoregressive model with sliding-window is used to
track volatility of signal’s properties in time. The analysis of time-frequency maps of group delay
can be used in a process of distinguishing signals of different characteristics. Moreover, the
method is robust for the different parameters of the sliding-window AR model. In the article
applications of the time-frequency maps of group delay in a signal segmentation and clustering
are also discussed. In seismic analysis an ability to distinguish signals with different seismic nature
is very important, especially in case of safety in copper-ore underground mines. Creation of tools
for revealing the origin of vibration will have positive impact on evaluation of hazard level.

Keywords: seismic signal modeling, group delay, autoregressive filter, time-varying models,
segmentation, clustering.

1. Introduction

The monitoring of seismic activity is one of the elements of preventing hazard in copper-ore
mines. The knowledge about hypocenter, intensity and scale of the seismic event is crucial to
evaluate level of hazard. But firstly we should get information about nature of the event. Sensors
from the seismic monitoring system register not only the strong vibration derived from rock burst,
but also from the other sources such as blasting or relaxation of rock. In view of that we need a
tool for distinguishing different types of signals.

In previous works, various methods were proposed to determine characteristic behavior of the
vibration events. For instance, time-varying attributes of amplitude spectrum has been examined
for rotating machinery diagnostics [1-3], structural health monitoring [4, 5] or seismic signal
analysis [6-10]. Such amplitude spectrum might be estimated using autoregressive model fitted to
the considered data. The use of autoregressive modeling requires stationarity of examined time
series. In case of seismic signals this assumption is not satisfied. In view of that we should analyze
time-frequency maps to detect changes of signals nature. A tool which links autoregressive
modeling and time-frequency domain is called ARgram [11] — it is a set of amplitude responses
of autoregressive model fitted to sliding-window. Thus, the ARgram might be considered as a tool
used in order to track seismic vibration properties. If several ARgrams have similar structures, the
phase-related characteristics might reveal new properties of the signal. One of the phase-related
attributes is group delay, which is derivative of phase spectrum with respect to frequency.

The group delay is widely used in signal processing, especially in application to speech signals
[12]. Many algorithms using in speech segmentation are based on examination of group delay
properties [13]. Interesting applications one can also find in seismology. For instance, modified
version of group delay was used in research on seismic ground-motion and estimation of side
effects [14].

In this paper we focus on the time-varying properties of the group delay and its application to
seismic vibration signals acquired in the cooper-ore underground mine. The database includes
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different types of signals associated with blasting or rock burst. The first group of signals contains
records with sequence of blasting, which are visible on the seismogram as a multi-event signal.
Therefore, we are looking for an attribute which can separate each event from the multi-pulse
signal. Moreover, the goal is to find properties for distinguishing different groups of the events.

2. Methodology

We focus on the group delay response and visualize its volatility by the time-frequency map.
Mathematically, the group delay is derivative of phase spectrum with respect to frequency:

do(w)

dow ’ M

D(w) = —

where ©(w) is phase response and w is frequency.

The numerical computation of group delay is based on simple algorithm using Fast Fourier
Transform (FFT). Using the Fourier transform, the signal in frequency domain can be described
by formula:

H(e/*T) = G(w)e/®®), (2)

where G (w) —amplitude response, O(w) — phase response. By taking logarithm on the both sides
of Eq. (3) we obtain following decomposition:

InH(e/*T) = InG(w) +jO(w). 3

Then we differentiate Eq. (3):

d . G (w) do(w)
= joTy = ' 4
dw In H (€77 G(w) tJ dw @)
From the simple properties of logarithmic function’s derivative, we get:
de(w) d . H'(e/®T)
= — = —i _— jwT =—i e — 5
D(w) 1o im {dw InH(e )} im {H(el“’T) , ®)

where H(e/®T) is FFT from the signal and H'(e/“T) derivative of the FFT.
After several elementary transformations we obtained the numerical formula for group delay
using Fast Fourier Transform.

Fig. 1. Location of accelerometer in copper-ore mine

In this article analysis were made using the seismic vibration signals acquired in the copper-ore
underground mine. Accelerometer used in the experiment measures vibration acceleration in range
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of 0.001-100 m/s*> with frequency range 0.5-400 Hz. Sampling frequency was set to 1250 Hz.
Sensor registered signal from tree directions, but in this paper we include results only for one of
them. The acquisition system which was installed on the mining corridor roof is shown in Fig. 1.
Initially the distance between accelerometer and mining face was 20 meters, but it was changing
due to advance of mining works.

Now we go into the explanation of using group delay response in seismic vibration signals
analysis. The amplitude spectra for examined signals are time-varying what means that the
assumption of stationarity is not fulfilled in this case. To fit the autoregressive (AR) model to
stationary signal we use a method of sliding-window. An AR model is fitted to each 60 samples
in consecutive and overlapping windows. The coefficients of AR model, which were estimated by
Yule-Walker equations [15], were used to create a time-frequency maps of group delay. The
algorithm of generating time-frequency maps of group delay is described in details in [16].

In our analysis, the AR model of order 10 is fitted to each window, because of the number of
significant local maxima at the amplitude spectrum. An overlap of windows was set to 59 samples;
thus 59 samples are the same for the two consecutive windows. Such choice of parameters
provides detailed information of even little changes in signal properties. Results of applying the
algorithm to a two-event seismic signal are presented at Fig. 2.

Take window of 60 samples
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Fig. 2. The algorithm of generating time-frequency maps of group delay: a) time series of signal,
b) time-frequency map of group delay (fitted AR model of order 10), c¢) time-frequency map
of group delay (fitted AR model of order 10), black area is connected
with positive group delay and white area with negative values of group delay
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An attribute characteristic for each seismic signal is number and length of the ridges at
time-frequency map, which indicates accumulation of high values group delay. The crucial thing
is also location of the ridges at the time-frequency map. The parameters described above provide
information of time-varying properties of signal in phase response domain. Negative values of
group delay are connected with fast increase of phase response of the signal. In Fig. 2(c) we can
notice that negative group delay (white area in red dashed line boxes) is connected with strong
seismic event.

3. Robustness to parameters changes

The main advantage of analysis time-frequency map of group delay is robustness to parameters
changes of the proposed method. For the different orders of autoregressive model one can still
obtain clear maps with the ridges of the high group delay values (Fig. 3). Brighter regions with
lower values are also visible on the maps (Fig. 3). They are directly related to location of the strong
seismic event on the time series. This property might be used in the clustering or the process of
multi-event signals segmentation.

Differences in length of sliding-window in AR model do not have significant influence on the
result. Elongation of window leads to smooth the ridges on the time-frequency map of group delay.
Despite of this, the number of ridges for fixed AR order is the same.
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Fig. 3. Signal 4 45: a) time series and time-frequency maps of group delay for different AR orders:
b) 10, ¢) 15, d) 20 and e) 40. In the red boxes characteristic regions of the group delay map are marked
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4. Application to signal segmentation

Seismic signals recorded during the process of blasting in copper-ore underground mine are
multi-pulse due to sequence of blasting pattern. For this kind of signals, we should use
segmentation method as preprocessing for detection of characteristic properties which are
responsible for different events. There are many ways for signal segmentation [17-19]. In the
literature one can find several methods based on time-varying modeling. One of the most recent
are using adaptive Schur filter [17] and time-frequency decomposition [18, 20, 21].

Applying simple algorithm of segmentation based on threshold on the envelope of the signal
we did not obtain acceptable results. Two-events signal 3 7 (Fig. 4(a)) was divided into several
dozen segments (Fig. 4(b)) which is inadequate segmentation in this case.
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Fig. 4. Signal 3_7: a) time series with envelope (red line) and threshold equal 0.5 m/s? (green line),
b) simple segmentation based on threshold on the envelope. Time-frequency maps
of group delay for different AR orders: ¢) 10, d) 15, e) 20 and f) 40

A novel method of segmentation might be found on time-frequency maps of group delay.
Changes of structure on the time-frequency maps indicate start of a new seismic event. It is clearly
visible at Fig. 4. where time-frequency maps of group delay for different AR orders are shown.
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The red boxes mark region where the structure of map is changed. The ridges are cumulated at
lower frequencies and for the higher frequencies we observe bright areas, which point to lower
values of group delay. This event is strongly connected with beginning of new seismic event
observable at time series, as well.

Moreover, the location of the characteristic bright regions at the time-frequency map is
invariant to different orders of autoregressive model (Figs. 4(c)-4(f)). This proves the robustness
to the parameters changes. It could be a basis for new algorithm for multi-pulse signal
segmentation.

As was explained in chapter 2. the crucial parameter for the segmentation process will be
location of negative values of group delay at the time-frequency map (see Fig. 2(c)). The group
delay considers information only of the phase response change with respect to the frequency.
Therefore, it should be emphasized that in the proposed method there is no impact of amplitude
response to segmentation results.

5. Application to signal clustering

One of the statistics distinguishing different signals is a function of frequency, which indicates
mean value of the group delay time-frequency map with respect to time:

T-w;

Dmean(w) = ! Z Dt(w)' (6)

T_Wl

where T — length of the signal, w; — window length, D;(w) — value of group delay for the
frequency w in time t.
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Fig. 5. Time series of the signals (blue time series at upper panels) and mean of time-frequency map of
group delay with respect to time (blue lines at lower panels) for signals 2 21: a) and d), 4 _48: b) and e),
7_50: ¢) and f). AR(10) model with sliding-window length of 60 was fitted. Time series for the segments
are marked by red box (upper panels). Their mean group delay function is colored by red (lower panels)
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As one can see at Fig. 5. the seismic event does not start at the beginning of registered signal.
Separated events are marked with red boxes at upper panels. We made the same analysis for the
selected parts of the signals. The results are plotted in red at the lower panels at Fig. 5. Peaks at
plots of mean group delay for segments are higher. It is caused by elimination of noisy regions
from the time-frequency map of group delay.

For all signals from the database one can distinguish groups of signals characterized by similar
patterns of mean group delay function. It might have application in clustering of seismic events.
The main goal is to systemize signals in groups related to different origin of signal, which can
help in future analysis.

This article is the result of teamwork. Marta Polak prepared a manuscript and implemented the
algorithm. Jakub Obuchowski made conception of the methodology. Maciej Madziarz acquired
and interpreted the data. Agnieszka Wylomanska examined utility of proposed method in
application to segmentation and clustering. Radostaw Zimroz provided the mining knowledge and
revised the article critically for important intellectual content.

6. Conclusions

The analysis of the time-varying behavior of group delay response has promising applications
in many domains of seismic signals processing. The main advantage of the proposed method is
that we can distinguish signals with similar time series and amplitude response structures. The
patterns at the time-frequency map of group delay are robust for the parameters changes, what is
preferable attribute in algorithms for distinguishing signals. Time-frequency map of the group
delay has also characteristic structure. For the strong seismic event visible at the seismogram, the
brighter regions appeared at the time-frequency map. This kind of changes are useful for the
segmentation process. In this paper the promising solutions for clustering were also presented.
The mean group delay function with respect to time has different shape for each signal, but
location of peaks or the shape of the plot are similar for groups of examined seismograms. Due to
distinguishing properties of the mean group delay function, it might be one of the criteria in
clustering process. A novel method of signals analysis related to group delay is therefore a
promising tool for signal processing.

References

[1] Makowski R., Zimroz R. Parametric time-frequency map and its processing for local damage
detection in rotating machinery. Key Engineering Materials, Vol. 588, 2013, p. 214-222.

[2] Makowski R., Zimroz R. New techniques of local damage detection in machinery based on stochastic
modelling using adaptive Schur filter. Applied Acoustics, Vol. 77, 2014, p. 130-137.

[31 Thanagasundram S., Schlindwein F. S. Autoregressive order selection for rotating machinery.
International Journal of Acoustics and Vibration, Vol. 11, Issue 3, 2005, p. 144-154.

[4] Kopsaftopoulos F. P., Fassois S. D. Vibration based health monitoring for a lightweight truss
structure: experimental assessment of several statistical time series methods. Mechanical Systems and
Signal Processing, Vol. 24, Issue 7, 2010, p. 1977-1997.

[S] Mailhes C., Martin N., Sahli K., Lejeune G. Condition Monitoring Using Automatic Spectral
Analysis. Structural Health Monitoring. DEStech Publications, Inc., 2006, p. 1316-1323.

[6] Steeghs P., Drijkoningen G. Time-frequency analysis of seismic reflection signals. Proceedings of
the Acoustics, Speech, and Signal Processing, Washington, DC, USA, Vol. 5, 1996, p. 2972-2975.

[71 Dong Y. F., Li Y. M., Xiao M. K. Unscented Kalman filter for time varying spectral analysis of
earthquake ground motions. Applied Mathematical Modelling, Vol. 33, Issue 1, 2009, p. 398-412.

[8] Gabarda S., Cristobal G. Detection of events in seismic time series by time-frequency methods.
Signal Processing, IET, Vol. 4, Issue 4, 2010, p. 413-420.

[9] Kozin F. Autoregressive moving average models of earthquake records. Probabilistic Engineering
Mechanics, Vol. 3, Issue 2, 1988, p. 58-63.

[10] Thostehim D. Some autoregressive models for short-period seismic noise. Bulletin of the
Seismological Society of America, Vol. 65, Issue 3, 1975, p. 677-691.

© JVE INTERNATIONAL LTD. JOURNAL OF VIBROENGINEERING. FEB 2016, VOL. 18, ISSUE 1. ISSN 1392-8716 273



[11]

[12]
[13]

[14]

[15]
[16]
[17]

(18]

[19]

[20]

[21]

274

1889. TIME-VARYING GROUP DELAY AS A BASIS FOR CLUSTERING AND SEGMENTATION OF SEISMIC SIGNALS.
MARTA POLAK, JAKUB OBUCHOWSKI, MACIE] MADZIARZ, AGNIESZKA WYLOMANSKA, RADOSLAW ZIMROZ

Padovese L., Martin N., Millioz F. Time-frequency and time-scale analysis of Barkhausen noise
signals. Proceedings of the Institution of Mechanical Engineers. Part G: Journal of Aerospace
Engineering, Vol. 223, Issue 5, 2009, p. 577-588.

Murthy H. A., Yegnanarayana B. Group delay functions and its applications in speech technology.
Sadhana — Academy Proceedings in Engineering Sciences, Vol. 36, Issue 5, 2011, p. 745-782.
Prasad V. K., Nagarajan T., Murthy H. A. Automatic segmentation of continuous speech using
minimum phase group delay functions. Speech Communication, Vol. 42, Issues 3-4, 2004, p. 429-446.
Beauval C., Bard P.-Y., Moczo P., Kristek J. Quantification of frequency-dependent lengthening of
seismic ground-motion duration due to local geology: applications to the Volvi Area (Greece).
Seismological Society of America, Vol. 93, Issue 1, 2003, p. 371-385.

Brockwell P. J., Davis R. A. Time Series: Theory and Methods. Springer Science and Business Media,
2013.

Polak M., Obuchowski J., Madziarz M., Wylomanska A., Zimroz R. Differences in time-varying
group delay of seismic signals. Vibroengineering Procedia, Vol. 6, 2015, p. 206-211.

Hossa R., Makowski R., Zimroz R. Automatic segmentation of seismic signal with support of
innovative filtering. International Journal of Rock Mechanics and Mining Sciences, 2015, (in Press).
Zimroz R., Madziarz M., Zak G., Wylomanska A., Obuchowski J. Seismic signal segmentation
procedure using time-frequency decomposition and statistical modelling. Journal of Vibroengineering,
Vol. 17, Issue 6, 2015, p. 3111-3121.

Palivonaite R., Lukoseviciute K., Ragulskis M. Algebraic segmentation of short nonstationary time
series based on evolutionary prediction algorithms. Neurocomputing Vol. 121, 2013, p. 354-364.
Burdzik R., Konieczny L., Figlus T. Concept of On-Board Comfort Vibration Monitoring System
for Vehicles. Activities of Transport Telematics, CCIS Vol. 395, Springer, Heidelberg, 2013,
p. 418-425.

Burdzik R., Konieczny L. Application of Vibroacoustic Methods for Monitoring and Control of
Comfort and Safety of Passenger Cars. Mechatronic Systems, Mechanics and Materials II, Solid State
Phenomena, Vol. 210, 2014, p. 20-25.

Marta Polak, M.Sc. student in Mathematical Statistics at Department of Mathematics at
Wroctaw University of Technology, Wroctaw, Poland. Her scientific interest focused on
signal processing.

Jakub Obuchowski, graduate in mathematics, Ph.D. student in mining engineering, works
at KGHM CUPRUM R&D Ltd. His area of interest relates to application of signal
processing methods in mining-related fields, i.e. seismic signal analysis, damage detection
in mining machines, etc. He is an author of more than 20 scientific papers with over 10
indexed in major scientific databases.

Maciej Madziarz, Ph.D., works at Wroctaw University of Technology and at KGHM
CUPRUM R&D Ltd. (Poland), as mining engineer and scientist. His scientific interests
are: modern underground mining technology, blasting work, lining (roof bolting), using of
GPR method in mining and geology. The second field of study are archeology, history of
mining and mining heritage, old mining sites research and reclamation, and also using of
post-mining objects in geotouristic. His main research projects in the area of mining
heritage and geotouristic is: “Reclamation of the regions degraded by mining activity in
the area of Mirsk Commune, with the creation of a tourist path Along the footprints of old
ore mining” (the complex reclamation of the former mining sites) and the conference
“Mining heritage and history and making use of remains of former mining works” (every
year from 2005). He conducted research at former mining and metallurgical sites of Lower
Silesia from 1995.

© JVE INTERNATIONAL LTD. JOURNAL OF VIBROENGINEERING. FEB 2016, VOL. 18, ISSUE 1. ISSN 1392-8716



1889. TIME-VARYING GROUP DELAY AS A BASIS FOR CLUSTERING AND SEGMENTATION OF SEISMIC SIGNALS.
MARTA POLAK, JAKUB OBUCHOWSKI, MACIE] MADZIARZ, AGNIESZKA WYLOMANSKA, RADOSLAW ZIMROZ

Agnieszka Wylomanska received the M.Sc. degree in Financial and Insurance
Mathematics from Institute of Mathematics and Computer Science at the Wroctaw
University of Technology (WUT, Poland) in 2002, the Ph.D. degree in Mathematics from
WUT in 2006 and the D.Sc. degree in Mining and Engineering Geology from Faculty of
Geoengineering, Mining and Geology (WUT, 2015). Since 2007 she is an Assistant
Professor with the Faculty of Fundamental Problems of Technology, WUT, and a member
of the Hugo Steinhaus Center for stochastic processes. Her area of interest relates to time
series analysis, stochastic modeling and statistical analysis of real data (especially technical
data related to vibration signals and indoor air quality time series) as she is an author of
more than 90 research papers.

Radostaw Zimroz received the M.Sc. degree in Acoustics from Institute of
Telecommunication and Acoustics, Wroctaw University of Technology, Poland (1998),
the Ph.D. and the D.Sc. degrees in Mining and Geology from Faculty of Mining (WUT,
2002, 2011, respectively). Since 2012 he serves as Professor and head of VibroAcoustic
and Diagnostic Laboratory in this faculty. In the same time, he is leading Monitoring,
Diagnostics and Automation of Industrial Processes Group at Department of System
Analysis and Processes management in KGHM Cuprum R&D Center. His area of interest
relates to processing/analysis/modelling of data from industrial monitoring systems
(mining machines seismic data, wind turbines, radiation etc.) He is author of more than
200 works with over 40 published in leading journals and indexed conference proceedings.

© JVE INTERNATIONAL LTD. JOURNAL OF VIBROENGINEERING. FEB 2016, VOL. 18, ISSUE 1. ISSN 1392-8716 275




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /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 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /UseDeviceIndependentColor
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /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 false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /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 false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /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 true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth 8
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /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 <<

    /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 [4000 4000]
  /PageSize [612.000 792.000]
>> setpagedevice


