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of the Type B uncertainty

Abstract

The evaluation of Type B uncertainty is done by means of scientific
analysis based on all available information about possible variability of the
quantity measured. In order to facilitate the obtaining of information
helpful in the evaluation of Type B uncertainty, a new instrument
metrological quality assessment method has been developed, which relies
exclusively on the random model. The assessment result, in the form of an
instrument accuracy class, can be used for estimation of the Type B
uncertainty as presented in the accompanying examples.

Keywords: metrological quality of instrument, accuracy class, Type B
standard uncertainty.

1. Introduction

Methods used presently for measurement uncertainty assessment
rely on the Guide [1] and its Supplements [2, 3]. The Monte Carlo
method extends the scope of uncertainty assessment to include
nonlinear measurement equations [4-7]. Analyses carried out
show, however, that in specific cases this method leads to an
overestimation of the initial quantity measurement uncertainty
range [6]. Also the quality of distribution fitting to the preliminary
measurement results is not without significance.

The method described in the Guide [1], relying on the
uncertainty propagation law, still provides a basic measurement
uncertainty assessment method. It involves the calculation of Type
A and B uncertainties and then, based on the measurement
equation, the combined standard uncertainty and further expanded
uncertainty associated with the level of probability. Calculation of
Type A uncertainty does not pose any difficulty, because this is
the standard deviation of the mean value of the results of
measurements conducted in the conditions of repeatability [8]. In
contrast, the evaluation of the value of Type B uncertainty
depends significantly on the expertise and willingness of the
person conducting the test. According to the Guide [1], this is
done by means of scientific analysis based on all available
information about possible variability of the quantity measured
using the comprehensive knowledge of the measuring instrument,
previous measurements, calibration and certification data, etc. The
Guide provides several examples of proceeding, which obviously
do not exhaust all situation that might be encountered by
a researcher.

Estimating the Type B uncertainty is especially difficult, if the
instrument on which measurements are conducted has an obsolete
verification certificate, or does not have any at all. Of course, it
would be best to apply to the relevant metrological institution for
issuing such a certificate, but often this is neither, nor cheap, nor
expeditious. In that case, a final project student or a doctoral
student carrying out measurements reduces the Type B uncertainty
assessment to calculations based solely on the instrument's
resolution. Assuming the distribution of probability of possible
values of the measured quantity within the range defined by the
scale interval, it is easy to calculate the standard deviation value.
Such an example is actually given in the Guide [1] (p. 4.3.7).

Such a simplification leads, however, to an underestimation of
the uncertainty value, as it does not include the analysis of the
nonlinearity, the hysteresis of an instrument and the repeatability
and reproducibility of the results of measurements made using that
instrument. In the 90s of the last century, a method was proposed
for assessing a measuring instrument's property called its accuracy
class, which considered the above-mentioned phenomena [9-12].
The measure of systematic influences was the largest difference

between the ordinates of the ideal and the real characteristics,
while the measure of random influences was the limiting random
error. Currently, in view of the uncertainty approach based on the
Guide [1], it should be regarded as obsolete. Therefore, the new
works were carried out [13].

The presented report provides an attempt to develop a new
method for assessing the metrological quality of an instrument
based exclusively on the random model. The assessment results
might be used for evaluation of Type B uncertainty following the
recommendations of the Guide [1]. It should also be emphasized
that the notion of accuracy class has the value of universality and
can also be used for the assessment of measuring transducers at
the instrument design stage. It might be regarded then as
a measure of the quality of measured value conversion into
electric voltage and used as important guidance for designer and
constructor.

2. The idea behind the determination of the
measuring instrument accuracy class

According to the VIM dictionary [8], the accuracy class is
a characteristic of a measuring instrument, which tells us that the
results of measurements made using that measuring instrument are
burdened with uncertainties contained within specific limits. The
accuracy class can be expressed with a number and in this form is
used for a long time [14]. The concept is also found in other
standardization publications such as [15], but is always described
as a concept related to the fulfillment of certain requirements to
the accuracy of the instrument. This broad definition encompasses
the characteristic of an instrument, which is calculated in
a procedure described later on in this paper.

Let the static characteristic of a measuring instrument or
transducer be given by the relationship y=f(x), where x is the input
quantity, while y is the measurand. If ye[0,Y,], then the
measuring nominal range of the instrument is equal to the range of
a nominal indication interval, being Y,,.

To calculate the accuracy class, the following sequence of
operations needs to be performed.

2.1. Identification of the mean real
characteristic

It is necessary to have a set of n standard values of the
measurand x,,, (i=1,...,n), which will be ordered into an increasing
series, so that x,., ,>x, . By measuring a value corresponding to
the standard value, we will find the successive values of y(x, )
from i=1 to i=n, to obtain the relationship yg(xw). Then,
proceeding from i=n—1 to i=1, we obtain the relationship y(x,,).
Very often, y,(x,)#,(x,), which is due to the occurrence of the

hysteresis phenomenon. This operation should be repeated not less
than £ = 3 times. As a result, the mean real characteristic is
obtained as a line connecting the points corresponding to the mean
values of y,(x,,) and y(x,,) (see Fig. 1).
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Fig. 1. The real and the ideal characteristics [10]

2.2. Identification of the ideal characteristic
Yid(X)

The form of the ideal characteristic, y,(x), will depend on the
person conducting the analysis. In the simplest case, when a ready
instrument is tested, which gives a reading in the units of the
measurand, the ideal characteristic is the line y=x. If only part of
an instrument is assessed, such a transducer at the design stage,
then the output quantity is usually electric voltage. In that case, the
ideal characteristic can be identified by one of methods described
later on in the text.

a) Approximation by the least squares method, in the analysis of
a complete set of points y,(x,,) and y,(x,,), in the form of
a linear regression function:

y=ax+b

or

y=ax. 1

depending on whether there is the need for identification of
the zero error, or not it.

b) Finding the straight line passing through the extreme points
resulting from the measuring range Y, , y=Y, /X, x, where X,
is the standard value corresponding to Y,

¢) Finding the relationship resulting from the theoretical analysis
of the mathematical model of the tool, y=f,(x).

The ideal characteristic is a measurement model. It is obvious
that the decision of its form has an effect on the result of quality
assessment of an instrument or a measuring transducer under
examination.

2.3. Making out the corrections table

Having the real and the ideal characteristics at our disposal, we
can determine the differences between them, called corrections,
for individual standard values. If there is a hysteresis, then the
calculation should be made separately for the upper and the lower
parts of the real characteristic. Then, we will obtain:

Li=12, =12,k (2)

Py = |Via (X)) — yg;(xwi)

and

Paiy = i=n-l,n2,,1, =12,k (3)

Via (%,:) = Vi (x,:)

The corrections p are a measure of the nonlinearity and the
measuring hysteresis.
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2.4. Randomized corrections and the
calculation of its expanded uncertainty

The corrections p are realizations of a new random variable P.
The standard deviation of all values of variable P can be
calculated as the Type A uncertainty, u,(p). Based on scientific
judgment using all of the relevant information available, which
may include: previous measurement data, experience with, or
general knowledge of, the behavior and property of relevant
materials and instruments, manufacturer's specifications, data
provided in calibration and other reports, and uncertainties
assigned to reference data taken from handbooks the Type B
uncertainty, uy(p), can be calculated. Next, by determining the
Type A and the Type B uncertainties we are able to further
determine the combined standard uncertainty u(p) and
multiplying it by coverage factor of kp:2, the expanded
uncertainty U,.

2.5. Determination of the measurement
uncertainty at the point of the largest
correction value

At the point of the static characteristic, (x,,, »(x,,))
corresponding to the largest value p,, of the correction, a series of
measurements of the standard value, x,,, is made under
repeatability and reproducibility conditions. While doing this, we
have to make sure to distinguish between the upper and the lower
branches of the real characteristic, y,(x,) and y,(x,). The outcome
of this process is a set g of values y,(x,,,) (r=1.....q), where no
subsets associated with individual series are distinguished. Thus,
all random influences are treated jointly.

The standard deviation of this g series of results is calculated as
the Type A uncertainty, u,. Next the Type B uncertainty, u,, can
be determined in the same way as in the case of corrections p.
After calculating the combined standard uncertainty, the expanded
uncertainty U, is obtained, taking £,=2.

2.6. Calculation of the accuracy class

Having the expanded uncertainties U, and U,, and the measuring
range Y, the following relationship can be written:

(U2 +U?
= 100% @

K'=

m

The accuracy class x is a number obtained from rounding the x’
up to one significant digit in the case where the accuracy class is
smaller than unity, and to an integer otherwise.

Thus, the accuracy class defines the relative interval in % of the
range of a nominal indication interval, ¥,,, in which the real value
of the measurand lies with the probability as determined in the
calculation of the uncertainty.

3. Accuracy class and the Type B uncertainty

If a measurement has been made with an instrument of the
accuracy class x and the range of a nominal indication interval,
Y,, and the obtained result has a value of y (the estimation of the

real value), then the real value y, is contained in the range

y-«xY, y+xl, . .
( 100 ’Wj The value «Y,,/100 is half of the uncertainty
range and can be used for finding the Type B uncertainty of the
measuring instrument under examination. Assuming the
rectangular distribution of measurand values within this range, the

following is obtained: ug=«Y,,/(100./3).
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4. Examples of the metrological quality
assessment of an instrument using
accuracy class

4.1. Displacement sensor

The instrument examined was a Z4M-WI100RA type sensor
manufactured by OMRON. It is a laser gauge operating on the
dispersed reflected radiation principle. Featuring an analog output,
the sensor is designed, among other things, for measurements of
displacements, velocities or vibrations. It consists of a laser
radiation source and a photodetector. The radiation source is
a laser diode. According to the specification supplied by the
manufacturer, the sensor's measuring range is 40 mm relative to
the focus, while the resolution at selected response speed is
150 pm (0.7 ms). The power supply voltage is within the range
from 12 to 24 VDC. Used for the measurement of displacement,
the sensor was subjected to detailed metrological assessment
aimed at determining its accuracy class within a measuring range
from 0.00 mm to 40.00 mm.

Therefore, the identification of the mean real characteristic was
made under hysteresis conditions. The measurand standard were
class II standard plates of an execution accuracy of 0.005 mm. The
range of a nominal indication interval was Y,,=40.00 mm. A triple
pass of the static characteristic was made using the standards. As
a result, the mean real characteristics y(x,,) (Table 1) and y4(x,,)
(Table 2) were obtained. A slight hysteresis was found to occur.

As an ideal characteristic, according to (1), a straight line of the
following form was taken:

Via(x,) = x,,-
Using (2) and (3), a table of corrections was made out (Table 3).

Tab. 1. Measurement results used for determining the characteristic y,(x, )

Yo¥,)
i =1 =2 =3 Yel%,)
mm mm mm mm mm
0.00 0.00 0.00 0.00 0.000

10.00 10.06 10.06 10.06 10.060
20.00 20.00 20.02 20.02 20.013
30.00 29.98 29.98 29.98 29.980
40.00 39.89 39.89 39.89 39.890

Tab. 2. Measurement results used for determining the characteristic yq(x,)

Ya(X,;))
VN I I B
mm mm mm mm mm
30.00 29.98 29.96 29.96 29.967
20.00 20.02 20.00 20.00 20.007
10.00 10.03 10.06 10.03 10.040
0.00 0.02 0.05 0.05 0.040

Tab. 3. Table of corrections

i P
mm mm mm mm
0.00 0.00 0.00 0.00
10.00 0.06 0.06 0.06
20.00 0.00 0.02 0.02
30.00 0.02 0.02 0.02
40.00 0.11 0.11 0.11
30.00 0.02 0.04 0.04
20.00 0.02 0.00 0.00
10.00 0.03 0.06 0.03
0.00 0.02 0.05 0.05

The Type A uncertainty was calculated as the standard
deviations of all the values p of the variable P; it amounted to
u,(p)=6.4-10"> mm for 702 degrees of freedom.
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Next two Type B uncertainties were calculated. Taking into
account the plate execution accuracy of £0.005 mm and assuming
a rectangular distribution, the Type B uncertainty is:

ug(p)= 001 =29.107, mm.

NiP)

The calculation of the Type B uncertainty considered also the
fact that the signal from the sensor is sent to an amplifying and
compensating circuit and then, in a 1 V/cm form, it is transmitted
onto a computer to a National Instruments Lab-PC-1200/Al card
equipped with a 12 bit-resolution AC converter. Corresponding to
voltage values from the range from 0 V to 10 V are displacement
values from the range from 0 mm to 100 mm. Using these data,
the other Type B uncertainty could be calculated; it amounts to:

100
ug,(p)= 2212

=0.7-107> mm-

Having these uncertainties and taking the coverage factor equal
to k,=2, the expanded uncertainty was calculated to obtain
U,=0.02 mm.

Then, based on the results summarized in the Table 3, it was
found that the greatest correction value occurred at point (40.00,
39.89) of the static characteristic, and that was p,=0.11 mm.
Under repeatability and reproducibility conditions, a series of
¢=30 measurements of the value x,,,=40.00 mm was carried out.

Next, the Type A uncertainty was calculated; it was
1,=1.1-10" mm for 870 degrees of freedom.

The Type B uncertainties, up; and ug,, are the same as the Type
B uncertainties up;(p) and ug,(p).

Having the Type A uncertainty and the Type B uncertainties, the
combined standard uncertainty, and then the expanded uncertainty
were calculated, taking an coverage factor of k,=2. A value of
U,=0.02 mm was obtained.

Using (4), the x* index value was calculated, obtaining 0.07%.
Hence, the accuracy class x of the displacement sensor is 0.1. It
means that with a 0.95 probability the largest difference between
the measured value and the unknown real value not exceed 0.1%
of the nominal indication interval Y,,=40.00 mm, i.e. 0.04 mm.
The Type B uncertainty of the measuring instrument is 0.02 mm.

4.2. Temperature sensors

The concept of accuracy class can be used to compare the
metrological characteristics of several instruments. To illustrate
the application two temperature sensors were researched.

Sensor 1 has operating range from -40°C to 124°C according to
the manufacturer information. It was surface mountable device
which integrates sensor plus signal processing elements and
provides a fully calibrated digital output. A temperature was
measured by a band-gap method with the CMOSens” technology.
The sensor was seamlessly coupled to a 14 bit analog to digital
converter and a serial interface circuit. It was individually
calibrated in a precision humidity chamber by manufacturer. The
2-wire serial interface and internal voltage regulation is used.

Sensor 2 has operating range from —20°C to 85°C according to
the manufacturer information. The sensor was a rugged, self-
sufficient system that records the result in a protected memory
section with 512 bytes of SRAM. The recording was done at
a user defined rate. Every device was individually calibrated in
a NIST-traceable chamber. It was configured and communicates
with a host-computing device through the serial 1-wire protocol.
Every sensor is factory-lasered with a guaranteed unique 64-bit
registration number that allows for absolute traceability.

The sensors were subjected to metrological assessment aimed at
determining their accuracy class within a measuring range from
15.138°C to 45.132°C. Thus the nominal indication interval Y,
was 29.994°C. For each sensor the study was carried out on the
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test bench equipped with a high precision bath (Fluke 7340) and
thermometer readout with a measurement probe (Fluke 1590). The
tested temperature sensors were placed in an oil bath. The
temperature was set in the bath and the setting temperature was
read using thermometer readout with resolution equal to 0.001°C.
The real temperature value indicated by the tested sensor was
recorded by the software installed on computer.

The identification of the mean real characteristic was made for
the sensors under hysteresis conditions. The measurements were
repeated k=3 times. As an ideal characteristic a straight line (1)
was assumed. The results obtained for the two sensors are
summarized in Table 4.

Tab. 4. The results of calculations of the sensors accuracy class

Sensor up) up(p)=tip upp)= U2 Yy Xom
°C °C °C °C °C
1 4.0-10° 2.9-10* 2.9-10° 0.010 45.107
2 3.3-10° 2.9-10* 5.9-107 0.118 45.107
Sensor P Uy Un Yo K
°C °C °C °C -
1 0.109 9.3:10° 0.019 29.994 0.1
2 0.110 7.3:10° 0.119 29.994 0.6

For both of them the Type A uncertainty, u,(p), was received for
1980 degrees of freedom. The Type A uncertainty, u,, was
received for 20 degrees of freedom. Calculating the Type B
standard uncertainty the rectangular distribution of measurand
values was assumed. The Type B uncertainty, up(p), was
calculated for resolution of standard instrument equal to 0.001°C.
The Type B uncertainty, ug(p), was calculated taking into
consideration additional informations. In the case of the sensor 1,
a 14 bit analog to digital converter and range of —40°C to 124°C
were taken into account. In the case of the sensor 2, a 512 bytes of
SRAM used for record the result and range of —20°C to 85°C were
taken into account. The Type B uncertainties up; and up, are the
same as the Type B uncertainties ug (p) and up,(p).

The accuracy class of the temperature sensor 1 is 0.1. It means
that with a 0.95 probability the largest difference between the
measured value and the unknown real value not exceed 0.1% of
the nominal indication interval Y,=29.994°C, i.e. 0.030°C. The
Type B uncertainty of the sensor is 0.017°C.

The accuracy class of the temperature sensor 2 is 0.6. It means
that with a 0.95 probability the largest difference between the
measured value and the unknown real value not exceed 0.6% of
the nominal indication interval Y,,=29.994°C, i.e. 0.180°C. The
Type B uncertainty of the sensor is 0.104°C.

It follows that, for measuring the temperature within the desired
range sensor 1 is better despite the greater operating range.

5. Conclusions

The accuracy class described enables the determination of the
metrological quality of a measuring instrument using a single
synthetic indicator only.

The evaluation of an instrument's accuracy class makes it
possible to consider both systematic influences that manifest
themselves in nonlinearity and a hysteresis, and random influences
whose effect is the limited repeatability and reproducibility.

The knowledge of the accuracy class of an instrument enables
one to precisely determine the Type B uncertainty that is shown
by the results of measurements made using that instrument.

This work is (partially) supported by Structural Founds in the frame of the project
number POIG.01.01.02-10-039/09 titled ,, Textronic system to electrical stimulation
of muscles” financed by Operational Programme Innovative Economy, 2007-2013,
Sub-measure 1.1.2.

31

6. References

[1] Evaluation of measurement data. Guide to the expression of
uncertainty in measurement. JCGM, Geneva, 2008.

[2] Evaluation of measurement data. Supplement 1 to the “Guide to the
expression of uncertainty in measurement” Propagation of
distributions using a Monte Carlo method. JCGM, Geneva, 2008.

[3] Evaluation of measurement data. Supplement 2 to the “Guide to the
expression of uncertainty in measurement”. Extension to any number
of output quantities. JCGM, Geneva, 2011.

[4] Cox G.M., Siebert B.R.L.: The use of a Monte Carlo method for
evaluating uncertainty and expanded uncertainty. Metrologia, vol. 43,
pp. S178-S188, 2006.

[5] Miiller M., Rink C.: On the convergence of the Monte Carlo block
design. Metrologia, vol. 46, pp. 404-408, 2009.

[6] Tokarska M., Gniotek K.: Assessment of measurement uncertainty
using Monte Carlo method based on STATISTICA (in Polish).
Przeglad Elektrotechniczny, vol. 86(9), pp. 43-46, 2010.

[7] Tokarska M.: Evaluation of measurement uncertainty of fabric surface
resistance implied by the Van der Pauw equation. IEEE Trans.
Instrum. Meas., vol. 63(6), pp. 1593-1599, 2014.

[8] International vocabulary of metrology. Basic and general concepts and
associated terms (VIM). JCGM, Geneva, 2012.

[9] Gniotek K.: A proposal for calculating the accuracy class of
measuring tools (in Polish). Metrol. Meas. Syst., no. 12, pp. 397-398,
1992.

[10] Gniotek K., Cisto R., Kucharska-Kot J., Lesnikowski J.: The accuracy
class of selected textile measuring instruments. Part I. (in Polish).
Textiles Review - Textiles, Garments, Leather, no. 12, pp. 3-5, 1996.

[11]Gniotek K., Cisto R., Kucharska-Kot J., Le$nikowski J.: The accuracy
class of selected textile measuring instruments. Part II. (in Polish)
Textiles Review - Textiles, Garments, Leather, no. 1, pp. 11-12, 1997.

[12]Gniotek K., Le$nikowski J.: Accuracy class of virtual measuring
instruments for textile uses. Scientific Bulletin of Technical
University of Lodz, Textiles, vol. 58, pp. 313-321, 2000.

[13]Tokarska M., Gniotek K.: Accuracy class of the measuring instrument
as a measure of uncertainty type B (in Polish). Proceedings of 10th
Conference Problems and Progress in Metrology, PPM’14, June 15-
18, 2014, Koscielisko, Poland, pp. 38-41.

[14]Pocket Handbook on Electrical Measurements. Siemens, Berlin, 1966.

[15]International Electrotechnical Vocabulary, IEC 60050, IEC, 2014.

Received: 28.11.2014 Paper reviewed

Accepted: 05.01.2015

Ph.D. Magdalena TOKARSKA

Graduated at Faculty of Technical Physics, Information
Technology and Applied Mathematics of Lodz
University of Technology (1998). She has got the Ph.D.
degree (2006) at Faculty of Engineering and Marketing
of Textiles at the same University. Her research interests
include the basic problems of metrology, Monte Carlo
method, textiles resistance measurements, artificial
neural network, and design of experiment. She is
a member of the FEuropean Committee for
Standardization CEN/TC 248/WG 31 Smart Textiles.

e-mail: magdalena.tokarska@p.lodz.pl

Prof. Krzysztof GNIOTEK, Ph.D., D.Sc.

Graduated from the Faculty of Electrical Engineering
Technical University of Lodz, since 1973 associated
with the Faculty of Material Technologies and Textile
Design TUL. Since 2008 employed as a professor. He
specializes in metrology and textronics. Author of 4
monographs, 120 publications and 55 patents. An
ordinary member of the Lodz Scientific Society,
Committee of Metrology (branch PAN in Katowice) and
Academy of Engineering in Poland.

e-mail: krzysztof.gniotek@p.lodz.pl





<<
  /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


