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Abstract

Geometric deviations of free-form surfaces are determined as normal
deviations of measurement points from the nominal surface. Different
sources of errors in the manufacturing process result in deviations of
different character, deterministic and random. Geometric deviations of 3D
free-form surfaces may be treated as a spatial process, and spatial data
analysis methods can be applied in order to conduct research on the
relationships among them. The paper presents theoretic bases for testing
spatial dependence of measurement data, as well as the results of tests on
geometric deviations involving testing their spatial autocorrelation with the
use of the Moran’s / statistics.

Keywords: geometric deviations, free-form surface, coordinate measurements,
spatial autocorrelation.

Charakterystyka przestrzenna odchytek
geometrycznych powierzchni swobodnych
wyznaczanych w pomiarach
wspoirzednosciowych

Streszczenie

Pomiary wspolrzednosciowe sa zrodtem cyfrowych danych w postaci
wspotrzednych punktow pomiarowych o dyskretnym rozkladzie na
mierzonej powierzchni. Odchytki geometryczne powierzchni swobodnych
wyznacza si¢ w kazdym punkcie jako odchytki normalne tych punktow od
powierzchni nominalnej (modelu CAD). Rozne zrodta btgdow w procesie
wytwarzania powoduja powstawanie odchytek o odmiennym charakterze,
deterministycznych i losowych (rozdz. 2). Udzial zjawisk losowych na
powierzchni zalezy od rodzaju obrobki. W artykule zaproponowano
stosowanie metod analizy danych przestrzennych do badan losowosci
lokalnych  odchylek  geometrycznych  powierzchni  swobodnych,
polegajacych na testowaniu ich przestrzennych powigzan. W badaniach
przestrzennej  autokorelacji ~ odchylek  powierzchni  frezowanej
wykorzystano statystyke / Morana (rozdz. 3). Wykrycie dodatniej korelacji
przestrzennej dowodzi istnienia systematycznych btedow obrobki (rozdz.
4), charakter btedow pozwala na okreslenie ich przestrzennego modelu,
a nastgpnie eliminacj¢ przez usunigcie zrodet bledow czy korekcje
programu obrobkowego.

Slowa Kkluczowe: odchytki geometryczne, powierzchnia swobodna,
pomiary wspotrzednosciowe, autokorelacja przestrzenna.

1. Introduction

The coordinate measurement technique consists in determining
the coordinate values of measurement points located on the
surface of an object. As a result of the measurement, a set of
discrete data is obtained in the form of coordinates of the
measurement points. From the point of view of CAD/CAM
techniques, the most important feature of the coordinate
measurement is providing data concerning the object’s geometry
in the digital form.

Machine parts composed of free-form 3D surfaces are more
often designed. Such parts are shaped by surfaces, which cannot
be described by the use of simple mathematical equations. In
designing, producing and measuring of free-form surfaces,
CAD/CAM techniques are applied. The accuracy inspection
consists in digitalizing the workpiece under research (coordinate
measurement with the scanning method), followed by comparing
the obtained coordinates of the measurement points with the CAD
design (model) [1, 2]. The values of local geometric deviations of
the free-form surface, or normal deviations of measurement points
from the nominal surface, may be calculated by previously
determining the deviation components in the X, Y, Z directions [3,
4]. Software of coordinate measurement machines automatically
performs such calculation for each measurement point in the UV
scanning option. The processing accuracy inspection results may
be presented in the form of a three-dimensional plot or a map [5].

Geometric deviations of surfaces are attributed to many
phenomena that occur during the machining, both deterministic
and random in character. These phenomena with their consequent
machining errors can be described in space domain. In machining
workpieces including free-form surfaces a multi-axis machining is
applied. Different combinations of machining parameters may
produce variations in the final product surface quality. In
coordinate measurements of free-form surfaces, spatial data are
obtained which provide information on the processing and on
geometric deviations in the spatial aspect. Deterministic deviations
are spatially correlated however, a lack of spatial correlation
indicates their spatial randomness. Calculating the values of local
geometric deviations solely does not provide much information,
neither with regard to the surface properties nor to the course of
the machining process. Deviations of random values may be
spatially correlated which is reflected in their determined
distribution on a surface and is indicative of the existence of
a systematic source in the course of processing.

This paper suggests applying methods of analysing spatial data
to research on them since spatial analysis of data makes it possible
to determine the similarities and differences between the specified
areas and also to quantify spatial dependencies. The literature
states that the Moran’s / statistic is used in the majority of cases in
order to test the existence of spatial autocorrelation. Cliff and Ord
[6] justify that choice. Identifying spatial correlation of
measurement data proves the existence of a systematic, repetitive
processing error. In such a case, the spatial modelling methods
suggested by Cliff and Ord [6], as well as by Kopczewska [7],
may be applied to fitting a surface regression model describing the
deterministic deviations. The first step in model diagnosing is to
examine the model residuals for the existence of spatial
autocorrelation. The Moran’s / test is also used for this purpose.

2. Characteristics of discrete geometric
deviations

Geometric deviations may be decomposed into three
components: shape deviations, waviness, and roughness [8]. The
components connected with the form deviations and waviness are
surface irregularities superimposed on the nominal surface,
resulting in a smooth surface and most often deterministic in
character. The component connected with random phenomena,
including the surface roughness, is irregularity of high frequency.
The actual surface is the effect of superimposition of the shape
deviations, waviness and roughness on the nominal surface [8].
The contribution of random phenomena on the surface depends on
the type of processing. The literature data indicate that after the
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finished milling process, values of random geometric deviations of
the surface are greater than those of the deterministic deviations.

Shape deviations are caused, among others, by deviations of
machine tool ways, deviations of the machine tool parts, and
improper fixing. The surface waviness results from, among others,
geometric deviations or tool movement deviations, and vibrations
of the machine tool or the processing tool. Roughness is a result of
the shape of the tool blade and the tool’s longitudinal feed or in-
feed as well as of vibrations at the workpiece-tool contact.

In coordinate measurements, the coordinates of a finite number
of points on the surface of the workpiece are determined. The aim
is to determine a smooth surface superimposed on the nominal
surface. However, in the measurement process, the random
component and the deterministic component overlap each other. In
consequence, the spatial coordinates assigned at each
measurement point include two separate components. The
component connected with the deterministic deviations represents
the smooth surface trend and is spatially correlated. The random
component, on the other hand, is weakly correlated and is
considered to be of a spatially random character. A surface
constructed on measurement points is therefore more complex
than a nominal surface.

3. Measuring spatial autocorrelation

Autocorrelation is a characteristic of data obtained from
a process that is articulated in one or more directions and
describes the error structure of the data. Spatial autocorrelation
refers to systematic spatial changes. In general, positive
autocorrelation means that the observed feature values in
a selected area are more similar to the features of the contiguous
areas than it would result from the random distribution of these
values. In the case of negative spatial autocorrelation, the values in
the contiguous areas are more different than it would result from
their random distribution. A lack of spatial autocorrelation means
spatial randomness. The values observed in one area do not
depend on the values observed in the contiguous areas, and the
observed spatial pattern is as much probable as any other spatial
pattern.

In order to test the existence of spatial dependence, global and
local Moran’s and Geary’s statistics for a given variable are
applied.

The literature data state that the Moran’s / statistic is used in the
majority of cases; it can be applied to analysing spatial data of
both normal and unknown (randomisation) probability distribution
[6, 71.

In adapting methods of spatial statistics, concerning research on
spatial autocorrelation, to research on geometric deviations, the
following needs to be determined:

& — geometric deviation at each measurement point,

¢ — arithmetic mean of geometric deviation at n — measurement
points,

w; — weighting coefficients, elements of weighting matrices
reflecting spatial relations between & and &,

A spatial weighting matrix defines the structure of the spatial
neighbourhood. The matrix measures spatial connections and is
constructed in order to specify spatial dependence. One of the
possible dependence structures is assumed, e.g. neighbourhood
along a common border, neighbourhood within the adopted radius
or within the inverse of distance. In research on geometric
deviations, it is most suitable to make the spatial interrelations
dependent on the distance between the measurement points, in
particular on the inverse of the minimum straight-line distance.

As a result of scanning, the coordinates (as well as geometric
deviations) of the points distributed on the surface along a regular
grid are obtained. The distance between the i-th and j-th point,
according to the Euclidean metric, is as follows:
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where:
x;, y; — i-th point coordinates,
X;, yi—j-th point coordinates,
d; — distance between the i-th and j-th measurement point.

If it is assumed that the dependence between the data values at
the i and j points decreases when the distance increases, this
relation can be described in the following way:

wy =d; ™, @

where:
W,»/=0f0ri=j,
k — constant (k> 1).

The spatial autocorrelation coefficient has the following form

covariance/variance ratio with a weighting scheme based on
spatially symmetric interactions:
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The Moran’s [ statistic has an asymptotically normal
distribution (for n — o0). In order for assessing the Moran’s
statistics to be correct, the analysed variable must have a constant
variance.

The Moran’s [ statistic indicates whether there is a spatial effect
of agglomeration or not. Positive and significant values of the
statistics imply the existence of positive spatial autocorrelation,
i.e. a similarity of observation in the specified d distance. Negative
statistics values mean negative autocorrelation, i.e. diversification
of the tested observations and are indicative of the fact that the
neighbouring areas are more different than it would result from
their random distribution.

After having determined the 7 coefficient, the null hypothesis of
no spatial autocorrelation at the assumed significance level needs
to be verified, examples showed Upton and Fingleton in [9]. The
distribution moments of Moran’s / statistic can be determined both
at the assumption that the data (deviations) comes from the normal
distribution population and at the assumption that it comes from
the population of an unknown probability distribution. When the
number of localities is large it is reasonable to use the normal
approximation. In the case of assuming the normal distribution,
the expected value and the variance depend exclusively on spatial
weights. If randomisation is assumed, these moments depend also
on the value of the variable under research.

Assuming a normal probability distribution for geometric
deviations, the E(/) expected value and the var(/) variance are
calculated using the formulae [6, 9]:

E(7)= . )
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The expected value (4) of the Moran [ statistic approaches 0,
which might be interpreted as randomness [6, 7, 9].

Verifying the hypothesis of no spatial autocorrelation (or
randomness) in the data set under research follows the plan listed
below:

1. Formulating the H, null hypothesis: data is not spatially
correlated. The alternative H; hypothesis: data is spatially
correlated.

2. Assuming the significance level or the probability of rejecting
the null hypothesis when it is true.

3. Calculating the test statistics (standard normal deviate)

z=1,-E ()/ Var() 1,

experimental sample (3), distribution moments calculated using
the formulae (5) and (6).
4. Determining the limit value of the z test statistics; for the
adopted significance level z(a) = z,, which means that if the
z <z, there is no reason for rejecting the null hypothesis, and in
that case the null hypothesis is accepted, otherwise the
alternative hypothesis is accepted.
In tests on geometric deviations, accepting the null hypothesis
means that the tested deviations are spatially random.

— the coefficient evaluated from

4. Experimental investigations

The experiments were performed on a free-form surface of
a workpiece made of aluminium alloy with the base measuring
100x100 mm (Fig. 1), obtained in the milling process using
ball-end mill 6 mm in diameter, rotational speed equal to
7500 rev/min, working feed 300 mm/min and zig-zag cutting path
in the XY plane. The measurements were carried out on a Mistral
Standard 070705 Brown&Sharpe CMM (PC-DMIS software,
MPEg = 2,5 + L/250), equipped with a Renishaw TP200 touch
trigger probe (3D form measurement deviation = +1um), a 20 mm
stylus with a ball tip of 2 mm in diameter.

Fig. 1. Model CAD of the surface
Rys. 1. Model CAD powierzchni

4.1. Characteristics of the measured surface

The surface was scanned (not applying radius compensation)
with the UV scanning option (the option built in PC-DMIS
software), 2500 uniformly distributed measurement points were
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scanned from the surface (50 rows and 50 columns), and the
process of fitting the data to the nominal surface was then carried
out in which the least square method was applied and all the
measurement points were used [10]. In this way the position
deviation was minimized. Measurement process was subsequently
repeated, geometric deviations & were computed.

The obtained measurement data are presented in a graphical
form. Fig. 2 shows a spatial plot of the ¢ deviations with reference
to the x and y nominal coordinates. The deviation distribution
indicates that the measurement points contain both the
deterministic and the random component (Fig. 2, Fig. 3).
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Fig.2.  Spatial plot of geometric deviations versus XY plane
Rys. 2. Przestrzenny wykres odchylek geometrycznych wzgledem ptaszczyzny XY

Y [mm]

Fig. 3.  Map of geometric deviations
Rys. 3. Mapa odchytek geometrycznych

In a test on randomness of the values of the obtained data it
turned out that the values of geometric deviations undergo
a normal probability distribution, which is illustrated in Fig. 4. In
the Kolmogorov-Smirnov test on normality, if calculated ratio d is
greater then the limit value d,, then reject the null hypothesis of
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normality at the chosen significance level a. In this case the null
hypothesis was adopted (a = 0,05; d = 0,0266; d, = 0,0272; d <d,,).

Histogram: ¢[mm)]
K-S d=,02664
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Fig. 4.  Probability distribution of geometric deviations
Rys. 4. Rozktad prawdopodobienistwa odchytek geometrycznych

4.2. Tests on spatial autocorrelation
of deviations

Tests on spatial autocorrelation of geometric deviations were
subsequently carried out. The relationships between the deviations
were made dependent on the reciprocal distances determined from
the (1) formula. The elements of weight matrices, defining the
dependencies between deviations at points i and j were calculated
from the (2) formula, assuming the value of the constant as k = 4.
A fragment of the weight matrix is shown in Fig. 5. Moving
successively from the dependence (3) to (6), and later according to
the items of the plan described in p. 3, the spatial autocorrelation
coefficient was determined, and the null hypothesis of the lack of
geometric deviations autocorrelation / was verified, assuming
a normal plot approximation, at the significance level o = 0,05
(the upper point of a standard normal distribution z, = 1,645). The
computations were performed in the R-Gui programme. Fig. 6
presents the print screen image with the computation results.

I Data Editor

coll col2 col3 col4
1 |0O 0.3829786 0.02395719 0.004764174
2 |0.2529635 u} 0.2534034 0.01599118
3 |0.01519232 0.2432861 o 0.2480294
4 |0.002977541 (0.01513252 0.2444718 o
5 |0.0009391797(0.002977566 |0.01515564 0.2417376 v
< >

Fig. 5. The top left corner of the ¥ matrix
Rys. 5.  Gorny lewy naroznik macierzy wag W

Moran's I test under normality

data: odchylki
weights: wagi

Moran I statistic standard deviate = 87.9371, p-value < 2.2e-16

alternative hypothesis: greater

sample estimates:

Moran I statistic
0.8861198923

Variance
0.0001016326

Expectation
-0.0004001601

Fig. 6. Print screen image of R-Gui programme with computation results
Rys. 6. Zrzut z ekranu z wynikami obliczen w programie R-Gui

The null hypothesis of the lack of spatial autocorrelation was
rejected (/ = 0,886, z = 87,937, z,~1,645, z > z,). The computation
results show a clear positive autocorrelation of geometric
deviations. In this case it is possible to predict in approx. 80% the
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values in the neighbouring points on the basis of the deviation
value at any point. Considering that, increasing the number of
measurement points (as opposed to the case with spatially
independent values) does not provide much additional information
because the deviations values can be predicted on the basis of the
deviations at the neighbouring points.

5. Conclusions

Methods of spatial data analysis are most suitable in research on
geometric deviations of free-form surfaces, because they allow for
obtaining information on spatial dependence between the
deviations values at individual measurement points. This is
significant information concerning the accuracy of surfaces, both
with regard to the surface properties and to the course of the
machining process. These methods may be applied both to
analysing raw data or data obtained directly from measurements,
and also to researching residuals from surface regression models
in tests of models’ adequacy. Detecting a positive spatial
autocorrelation is a proof that a systematic processing error has
appeared, while the character of the error makes it possible to
determine its value (spatial model) and later to minimize the error
by removing its source and/or by correcting the processing
programme.

The paper was presented at the IXth International Scientific Conference
COORDINATE MEASURING TECHNIQUE at University of Bielsko-Biala in April
2010.
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under the research project No. NN503 326235.

6. References

[1] ElKott D.F., Veldhuis S.C.: Cad-based sampling for CMM inspection
of models with sculptured features. Engineering with Computers, vol.
23, 187-206, 2007.

[2] Obeidat S.M., Raman S.: An intelligent sampling method for

—

inspecting free-form surfaces. Int. J. Adv. Manuf . Technol., vol. 40,
1125-1136 20009.

[3] Li Y., Gu P.: Free-form inspection techniques state of art review.
Comp. Aided Design, vol. 36, 1395-1417, 2004.

[4] Cho M.W., Seo T.I.: Inspection Planning Strategy for the On-Machine
Measurement Process Based on CAD/CAM/CAI Integration. Int. J.
Adv. Manuf. Technol., vol. 19, 607-617, 2002.

[5] Poniatowska M.: Characteristics of geometric errors determined using
discrete measurement data. Archives of Mechanical Technology and
Automation., vol. 28, 52-58, 2008.

[6] Cliff A.D., Ord J.K.: Spatial Processes. Models and Applications, Pion
Ltd., London 1981.

[7] Kopczewska K.: Ekonometria i statystyka przestrzenna. CeDeWu,
Warszawa 2007.

[8] Adamczak S.: Pomiary geometryczne powierzchni. WNT, Warszawa
2008.

[9] Upton G.J.G., Fingleton B.:. Spatial Data Analysis by Example, vol.1.
John Willey & Sons, New York 1985.

[10]Poniatowska M., Werner A.: Probe radius compensation and fitting
errors in cad-based measurements of a free-form surface: a case study.
Proceedings XIX IMEKO World Congress Fundamental and Applied
Metrology, 1821-1826, Lisbon 2009.

otrzymano / received: 11.05.2010

przyjeto do druku / accepted: 02.07.2010 artykul recenzowany




<<
  /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


