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Improvement of the Multifractal Method
for Detection of Early Reflections

Dragan M. Risti¢ ', Milan Pavlovi¢', Miomir Miji¢', Irini Reljin'

Abstract: This paper presents the research that was aimed at examining the
possibilities for improving the multifractal method for detecting early reflections
in the room impulse response. Multifractal method for the detection of early
reflections uses distribution of Holder’s exponent calculated for the acoustic
impulse response. Modifications of algorithm proposed in this paper perform
filtering of the distribution of Holder’s exponent to improve the detection of
significant early reflections. The results obtained in this way provide guidance
how to improve detection of early reflections and to make it more precise.

Keywords: Room acoustics, Impulse response, Multifractals, Early reflections,
Self-similarity.

1 Introduction

Room impulse response is the fundamental source of information for the
analysis of the room acoustic properties. The appearance of the room impulse
response is predominantly determined by the geometry of the room and its
acoustic treatment.

The initial part of the impulse response is an area where individual
reflections can be observed. These are early reflections that can be easily
recognized by their intensity and lower density because they are predominantly
reflections that bounced just once or twice from the walls or ceiling of the room.
Early reflections provide information about the room acoustic characteristics
and have significant impact on our experience of sound in the room. This
impact is perceived as increased loudness, changes in intelligibility of speech,
music clarity and the impression of the auditory source width Error! Reference
source not found.. In literature [1, 2, 3] it was noted that the position of the
reflection in the impulse response is associated with a particular perception of
sound in the room. Reflections arriving within the first few milliseconds
immediately after the direct sound are responsible for the perception of the
arrival direction of the sound, i.e. the position of the sound source. Reflections
located in the time interval between 30 ms and 50 ms are responsible for
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identifying tone of the sound, while reflections outside of 60 ms in the impulse
response contribute to formation of the impression of ambience and echo [2].
The order of early reflections in impulse response is responsible for the
phenomena in acoustics such as sound masking. One strong reflection following
the direct sound may extend the effect of masking in time [4]. When observing
individual reflection following the direct sound, its perception depends
primarily on the level of the direct sound, the direction from which the observed
reflections is coming from, the delay of the observed reflections in comparison
to the direct sound and the characteristics of the direct sound. It has been
determined that it is easier to perceive reflection if the directions from which the
observed reflection and direct sound arrive do not coincide [3]. Also, if the
delay of the observed reflection relative to the direct sound is larger then the
perception of that reflection is easier. On the other hand, if early reflections are
coherent they may pose a major problem due to their correlation with the direct
sound. If coherent reflections are not attenuated enough they can significantly
affect the perception of sound in the room. Due to superposition of direct sound
and coherent reflections comb-filter occurs that can introduce sound coloration
in the perceived sound through spectral changes, i.e. timbre that the listener
perceive.

Considering the above mentioned facts it can be concluded that early
reflections have a very large impact on the experience of sound in the room,
hence their detection is an important topic in acoustics. Therefore the idea to
develop an algorithm to automate the detection of early reflections in the
impulse response was introduced.

This paper uses multifractals as a tool for detecting early reflections in the
room impulse response. The work is continuation of research conducted by the
authors on the application of multifractal theory in the analysis of the room
impulse response. This paper presents improvements of the suggested method
for early reflections detection with the goal to increase the accuracy in
determining the exact location of the early reflections. Also the aim was to
isolate only those reflections that have significant impact on the room acoustics.
The paper is organized as follows: the second chapter provides an overview of
previous methods for the detection of early reflections including multifractal
method. Chapters III and IV give suggestions for improvements and present
results of the proposed improvements.

2 Detection of Early Reflections

2.1 Overview of the methods for detection of early reflections

The problem of early reflections detection has already been studied by
other authors [5 — 11]. These works are roughly distinguished by the fact that
they are dealing with localization of early reflections in time (the location in
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impulse response signal) or in space (direction of arrival). Previous studies on
the subject of early reflections detection were often based on the usage of
correlation between the direct sound and early reflections. The method proposed
in literature [5] reliably detects one to five early reflections by using the
adaptive thresholds for the detection of reflections’ arrival time. Using the direct
component of the impulse response as a basis for verification in the matching
pursuit algorithm is proposed in [6]. However, it is not tested to what extent the
detected reflections are the early reflections of significant importance in the
impulse response. To solve the problem of locating early reflections in time
cross-wavelet transform was also used [7]. For artificially generated impulse
responses, this method gives quite accurate results discovering most of the early
reflections. Continuous cross-wavelet transformation and then a method for
segmentation are applied for the early reflections detection in [7, 8]. Loutridis
[9] demonstrated how the continuous wavelet transform can be used in the
analysis of the room impulse response, while the wavelet decomposition is
applied in [10]. Another possible option for the detection of reflections in
impulse response is the analysis of energy with time windows of short duration
[11]. Taking into account the fact that average energy flow in a diffuse field
equals zero, detection would be based on the calculation of local energy for the
parts of the impulse response and its comparison with the energies calculated in
previous and next iteration.

2.2 Detection of early reflections using multifractals

The latest in the series of methods for the early reflections detection uses
achievements and concepts offered by multifractals [14]. Fractal geometry is
based on the idea that seemingly complex forms in nature show a fundamental
property known as self-similarity [12]. In fact, no matter how complex is the
shape and/or dynamic behaviour of the system, if one looks carefully and
imaginatively enough can find forms on one scale that resemble to those on
other scales of magnification. Examples of such forms in the nature are
numerous: the seashore, tree top, the structure of the nervous system, the
decimal number system... Characteristic for these examples is that their
structures are similar at different scales of magnification. Fractal properties are
quantified by the corresponding fractal dimension. In the case of artificially
generated fractals, this dimension is a single value.

Natural objects and phenomena do not show strict fractal properties, even
when they are self-similar. Unlike the artificial fractals they can have just
statistical self-similarity. Natural fractals have a different fractal dimensions at
different scales of magnification, i.e. their self-similarity cannot be described by
a single value, their fractal dimension changes with magnification. If a
phenomenon expresses properties of self-similarity, which are not the same in
different scales of magnification but they are similar, then we are talking about
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multifractals [13]. Characteristic of multifractals (MF) is that they cannot be
characterized by a single value (fractal dimension), but a whole range of values
is needed for their description, the so called multifractal spectrum (or singularity
spectrum).

For quantitative description of multifractal properties in this study Holder's
exponent is used. This non-integer parameter labelled o describes local
regularity of signal. Its distribution is the MF spectrum. The widespread
method of calculating that parameter is a box-counting method (due to its
simplicity and fast computing procedure). The procedure starts with dividing
the object, i.e. impulse response signal S into non-overlapping windows of
length €. These windows form subsets of data S;, such that $=U;S;. Coarse
Holder's exponent o; of set S; is then calculated using the formula (1):

o _Inwes)

' In(€) M

Holder's exponent o is obtained as the limit value of o, as € approaches zero
(e—0) [12]:

o=lim(o,), @)

where p(S;) is a measure that characterizes the corresponding subset S;. As a
measure u(Si) for the given data set different values can be used, such as
maximum, minimum, sum, deviations, etc. These measures are normalized to
the sum of all of values for the measure that is observed. Distribution in this
manner calculated values of the exponent o is the MF spectrum. It is defined by
the function fla), which displays distribution of the windows that have value of
the Holder’s exponent within a specific range o+ do. In natural fractals,
function f{or) has the shape of a parabola, similar to the example shown in
Fig. 1.

The values o and f{o), describe both local and global regularity of the
signal under investigation. Small values of o indicate that the signal has weak
local changes, while small values of f{ot) indicate that the phenomenon which
has that value of a is highly unlikely and vice versa. In MF analysis, parts of the
impulse response with rapid changes in intensity represent the points where its
regularity changes. These “anomalies” in the signal are considered as “defects”
in its structure and deviation from the global regularity.

MF analysis can be applied for solving problems in signal processing as a
robust method for describing and extracting features hidden in the huge amount
of data. From the point of MF analysis, the appearance of early reflections can
be interpreted as “points” in the impulse response where "defects" in its
structure appear. In these locations, apart from sudden changes in signal
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intensity, its regularity also changes. According to the fact that high values of
the exponent o indicate points where the signal changes locally a lot, the
assumption was introduced that high values of Holder's exponent o indicate the
presence of strong ERs in the impulse response [14].
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Fig. 1 — lllustration of multifractal spectrum f(ct)
for impulse response recorded in a studio.

Detection of early reflections is performed with MF transformation that
allows bidirectional mapping between input values (samples of impulse
response) and corresponding values of o and f{0.). By applying that procedure it
is possible to extract signal components belonging to specified parts of the MF
spectrum. Specifically, it is possible to indicate a certain range of values in the
distribution of Hélder’s exponent (Qtow — Ohign) from the MF spectrum, and then
determine which parts of the input signals are responsible for making that range
of o values. In this analysis the classical procedure described by (1) was used
for deriving a. The procedure was modified to take into account the limitations
that introduce the discrete representation of the impulse response signal. For
calculating Holder’s exponent as the measure, W(S;) was chosen the maximum
for the given data set. This measure gives the highest values of o for early
reflections.

Fig. 2 illustrates the proposed method for the early reflections detection on
the example of the impulse response recorded in the model of reverberation
room. The middle image shows the distribution of calculated Holder's
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exponents for the given impulse response (upper image). As already mentioned,
the assumption is that the large values of exponents o indicate points in the
impulse response where significant early reflections are located. Method for
detection could then be seen as the process of extracting the largest values of
exponents, or the range (Mjower — Otmax) from the obtained spectrum.
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Fig. 2 — The illustration of the ER detection procedure: a) top image - analyzed impulse

response; b) middle — calculated distribution of Holder’s exponent and preferred range,

Oliow — Olmaxs C) bottom image — indication of places where ERs are detected — extracted
ER for range 0.191< o. <0.907 and original sequence.
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In the example from Fig. 2 the lower limit oy, is chosen in such way as to
extract 10 largest values of the exponent o.. From the exponents o separated in
this way, using the inverse procedure reflections which generate the occurrence
of these extracted values o are identified in the impulse response. Reflections
detected in this way are shown in the lower figure (marked with arrows).
Number of detected reflections directly depends on the selected range of
exponent o values. The obtained results show compatibility between the
reflections detected using multifractals and those observed with the naked eye.
The results show that it is possible to detect most of the early reflections, but
also there is a need to improve the accuracy of detection [14].

3 Possibilities for Improvement of Multifractal
Method for the Detection of Early Reflections

Application of multifractals for detecting early reflections provides a
different view on the impulse response structure. From the perspective of
multifractals early reflections represent structures in the impulse response signal
that are connected with the common parameter, the value range of the
exponents o.. Therefore, proper selection of exponents o is the basic problem in
the correct detection of early reflections. Efforts to improve the detection
method are aimed at filtering values of exponent o to find those that indicate
location of the early reflections. Efforts were also directed towards automating
the method of determining the range of values of the exponent o.. Considering
that besides the preferred reflection by this method are also detected other
reflections that are not of importance for the acoustic analysis of the room, it is
necessary to make changes in the algorithm to improve detection. Optimal
detection would imply the detection of all significant early reflections in the
impulse response, with minimal detection of reflections that are not relevant.
Important question that needs to be answered at this moment is: which
reflection should be detected, and what we mean by the term significant early
reflections?

The term significant early reflections would include all reflections that may
have significant impact on the perceived sound in the room.

Certainly the most important criterion to consider some reflection a
significant early reflection besides location in the impulse response is its
intensity. However, one should take into consideration other features that make
one reflection a significant (early) reflection. These features are: relationship
with the adjacent reflections (relative position and intensity in comparison to
other early reflections) and correlation with the direct sound. The advantage of
using multifractals for detection of early reflection is manifested in the fact that
they use properties of self-similarity, so they are able to detect reflections that
are correlated with the direct sound.
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In order to improve results of early reflections detection, authors have
attempted to increase the accuracy of detection by additional filtering the
calculated values of Holder’s exponent. Modifications were made to achieve the
following objectives: reducing the false positive detections by discarding the
small values of the exponents and reducing the impact of adjacent reflections
through the rejection of reflections that are masked. Modification of multifractal
method for detection went in several directions.

The first modification attempted to extract the highest values of exponent o
within window of a specified width which shifts without overlaps over
calculated values. Each time the window shifts maximum value aumax within
the window is recorded. If the value is significantly higher than its neighbours
within the window then that value Oy, 1S extracted from the window. If that
value does not exceed the specified criteria, then the value of o,.x within the
window remains unchanged. The proposed algorithm named Modificationl is
illustrated in Fig. 3. Result is a modified distribution of exponent o values over
which is then once again selected range of the largest values.

Omax - Maximum a value inside the
windoow

Width of the window q, - first neibcurgh of a,,, from left

soxp B o ap - first neibourgh of ap,,, from right

0
Samples

| r— \F / o a
—— a0 - ?
o1 ‘ﬁl ﬁ

1 | 1 1 |
0.04 0.045 005 0.055 0.08 0.085
Samples

Fig. 3 — lllustration of algorithm Modificationl.
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The second modification also uses window of fixed width (equal to a
specified number of samples). This window shifts over the distribution of
Holder’s exponent without overlapping; in every shift maximum value O.x
within the window is found. This value is then compared with the effective
value of the exponent o calculated within the window. The difference between
maximum and effective value (Oln.x — Olef) in each window is recorded at the
location of oumax in the window. Other values of exponent o within the window
are set to zero. The window is then shifted for the number of samples that
matches the width of the window and the above procedure repeats. The
proposed algorithm for extracting exponents o named Modification2 is
illustrated in Fig. 4. The result is new modified distribution of values over
which once again largest values of exponent are extracted, and detection of
early reflections is then performed.

Omax - Maximum a value inside the
window
7 Width of the window . .
s - effective value of a inside the
window
Samples
umax
8025 Ot
02 Omax - Oef
0.15
01
. f
0.
0
1 1 1 1 1
004 0.045 005 0.055 0.06 0.085

Samples

Fig. 4 — [llustration of algorithm Modification?.

The third approach included the analysis of correlation coefficients that are
calculated between the direct sound and reflections in impulse response. Using
this coefficients specified range of Holder’s exponents (04 — 0,;) was filtered.
The idea in this case was to give advantage to the reflections which are highly
correlated with the direct sound. In the obtained distribution of correlation
coefficients only those correlation coefficients that have high values (marked
with the green arrows in the Fig. 5) were retained.
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Fig. 5 — lllustration of algorithm Modification3.

Using these correlation coefficients, values of the Holder’s exponents are
modified in terms that only the values of exponent o which correspond to the
location of retained coefficients of correlation were kept. The method named
Modification3 is illustrated in Fig. 5.

4 Comparison of the Proposed Methods for Improvement

Comparing the effectiveness of the proposed methods for detection of early
reflections is done using the control reflections that are inserted into specific
parts of the impulse response. Assessing the effectiveness of the proposed
algorithms requires knowledge about the exact locations of all early reflections
in the impulse response. Due to unreliability of their naked eye recognition,
especially their coherence with the direct sound, the evaluation of the proposed
detection method was carried out using control reflections (CR) artificially
inserted in impulse response signal. The control reflections were generated from
real impulse responses as the attenuated replicas of the first impulse (direct
sound). Such control reflections were inserted into the impulse response at pre-
defined locations. The basic idea for assessing proposed detection methods was
to investigate whether and under what conditions it is possible to detect control
reflections inserted in the impulse response. Inserted CRs were successively
decreased in intensity to the level at which they cease to be detected. That value
of the CR level is registered as Lcg. Also the level of local maximum L, in
5 ms width interval of impulse response signal around each control reflection is
measured.
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The experiment was organized using the following types of impulse
response signals:
1. Two impulse responses recorded in two opera halls (IR1 and IR2), and
2. Two impulse responses recorded in the laboratory using a scaled
reverberation chamber model (IR3 and IR4). The reverberation
chamber is scaled 1:10, the recorded impulse responses were later
transformed in full scale.

In the assessment of CR detection effectiveness the following parameters
were observed: The maximum difference between the direct sound levels Lg;
and Lcg (Lrr— Legr) — shows a relative decrease of the control reflection level in
the impulse response in the moment when its detection ceases. The minimum
difference between Lcr and the local maximum level Ly, (Lcgr — Lioe) — shows
how much the control reflection level deviates from the adjacent signal. The
first parameter quantifies the strength (effectiveness) of the proposed method,
while the second quantifies its sensitivity.

The Fig. 6 shows the comparison of the effectiveness assessment for the
proposed algorithms on the example of control reflections detection. The
diagrams show the limit at which the detection of CR inserted in the impulse
response signal stops.

—+—Original code 1 3

20

15

10

Lerleg [dB]

time [ms]

Fig. 6 — Comparison of effectiveness for the proposed algorithms
using parameter (Lp;— Lcg), for impulse response signal IR3.

Obtained results display improvements achieved with the proposed
algorithms for detection. The detection thresholds are shifted averagely by more
than 5 dB. Using these modifications it is possible to detect low-intensity
reflections that are correlated with the direct sound. Fig. 7 and Table 1 give
comparison of the proposed algorithms on the example of real reflections
detection in the impulse response.
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Fig. 7 — Display of early reflections (marked with small circles) identified
with the naked eye on the example of one impulse response.

Results show that the proposed algorithms for the improvement of the
detection method are able to detect more early reflections. The results given in
Table 1 assume that the reflections that were identified with the naked eye are
representative for the comparison. Problem with the visual inspection is that it
considers only the intensity of reflections, and something that is not so easy to
see in the impulse response is the form of these reflections and their structure.
This is exactly where the intervention from the multifractal standpoint is
necessary to assist in proper detection of early reflections of interest.

Table 1
Comparison of proposed algorithms for detection
on the exampl of real reflections (x - detected n, ° - not detected).

RI | R2 | R3 | R4 | RS | R6 | R7 | Rg | No-ofdet
reflections
Modification o o
1 X X X X X X 6
Modification o o
5 X X X X X X 6
Modification o o
3 X X X X X X 6
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5 Conclusion

Method for detection of early reflections based on the multifractal theory,
i.e. on distribution of Holder’s exponents, uses the local properties of the signal
to locate early reflections. This method can be used as an additional tool for the
evaluation of the room acoustic properties by automating the detection of early
reflections. The results that were obtained using multifractals for detection of
early reflections show justification for their use.

In order to make detection results better, improvements of multifractal
method were proposed. The main directions in which the improvements were
made, are reduction of false positive detection and emphasizing strong
reflections. In order to increase detection of coherent reflections the correlation
coefficient between the direct sound and reflections were used in combination
with the Holder’s exponents calculated for the impulse response signal.

The results of the proposed modifications show that to improve the
precision it is necessary to take into account the additional factors in the
selection of Holder’s exponent which indicate early reflections. Factors that
must be considered are: the relative position of reflections with respect to the
adjacent reflections, as well as the subjective experience of sound in the room.

The results obtained using the modified detection algorithms with multifractals show
that the proposed methods are able to detect control reflections that are
attenuated up to 15 dB compared to the original. In case of real reflections
detection proposed methods detect most of the wanted reflections. The
assumption that early reflections are connected with the common parameter (the
range of Holder’s exponent values), although justified requires further
improvement. Some potential options for improvement are presented in this
paper. Inclusion of the achievements of psychoacoustics in defining the criteria
for rejecting and detection of early reflections is a task for future research on the
application of multifractals for the detection of early reflections.

6 References
[1] D. Havelock, S. Kuwano, M. Vorlander: Handbook of Signal Processing in Acoustics,
Springer, NY, USA, 2008.

[2] A.M. Noxon: Correlation Detection of Early Reflections, 11th International Conference:
Test and Measurement, Eugene, OR, USA, 29 — 31 May 1992, p. 11-037.

[3] I Bork, T.Goerne, U. Potratz: Designing Early Reflection Patterns Suitable for Audio
Recordings by Means of Acoustic Modeling, 118th AES Convention, Barcelona, Spain,
28 — 31 May 2005, p. 6508.

[4] H. Kuttruff: Room Acoustics, Elsevier, London, UK, 1991.

[5] M. Kuster: Reliability of Estimating the Room Volume from a Single Room Impulse
Response, The Journal of the Acoustical Society of America, Vol. 124, No. 2, Aug. 2008,
pp- 982 —993.

23



D.M. Risti¢, M. Paviovi¢, M. Miji¢, I. Reljin

(6]

G. Defrance, L. Daudet, J.D. Polack: Detecting Arrivals within Room Impulse Responses
using Matching Pursuit, 11th International Conference on Digital Audio Effects, Espoo,
Finland, 01 — 04 Sept. 2008, pp. 297 — 300.

P. Guillemain, R. Kronland-Martinet: Characterization of Acoustic Signals through
Continuous Linear Time-frequency Representations, Proceedings of the IEEE, Vol. 84,
No. 4, Apr. 1996, pp. 561 — 585.

S. Vesa, T. Lokki: Segmentation and Analysis of Early Reflections from a Binaural Room
Impulse Responses, Technical Report TKK-ME-R-1, TKK Reports in Media Technology,
Helsinki University of Technology, Helsinki, Finland, 2009.

S.J. Loutridis: Decomposition of Impulse Responses using Complex Wavelets, Journal of
the Audio Engineering Society, Vol. 53, No. 9, Sept. 2005, pp. 796 — 811.

M. Schonle, N. Fliege, U. Zolzer: Parametric Approximation of Room Impulse Responses
based on Wavelet Decomposition, IEEE Workshop on Applications of Signal Processing to
Audio and Acoustics, New Paltz, NY, USA, 17 — 20 Oct. 1993, pp. 68 — 71.

S. Tervo, T. Korhonen, T.Lokki: Estimation of Reflections from Impulse Responses,
International Symposium on Room Acoustics, Melbourne, Australia, 29 — 31 Aug. 2010.

B.B. Mandelbrot: The Fractal Geometry of Nature, WH Freeman, Oxford, UK, 1983.

L.S. Reljin, B.D. Reljin: Fractal Geometry and Multifractals in Analyzing and Processing
Medical Data and Images, Archive of Oncology, Vol. 10, No. 4, Dec. 2002, pp. 283 — 293.

D.M. Risti¢, M. Pavlovié¢, D. Sumarac-Pavlovié, 1. S. Reljin: Detection of Early Reflections
using Multifractals, The Journal of the Acoustical Society of America, Vol. 133, No. 4,
March 2013, pp. EL235 — EL241.

24




<<
  /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
  /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
  ]
  /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


