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OCENA WZROSTU NIEZAWODNOSCIW BEZZALOGOWYM STATKU
LATAJACYM PODCZAS KOLEJNYCH FAZ BADANIA W LOCIE

RELIABILITY GROWTH ESTIMATION FOR UNMANNED AERIAL VECHICLE

DURING FLIGHT-TESTING PHASES

Samoloty muszq by¢ testowane w locie podczas procesu ich opracowywania i dla zapewnienia niezawodnosci powinny
przejsé, podczas faz badania w locie, proces wzrostu niezawodnosci obejmujgcy kolejne etapy: testowania, poszukiwania
ukrytego uszkodzenia, udoskonalania i ponownego testowania. Jednakze z powodu zlozonej budowy samolotow i wy-
sokich kosztow badan w locie, badania wzrostu niezawodnosci z reguly przeprowadza si¢ na matych probkach. Trudno
jest zatem ocenic¢ wzrost niezawodnosci w kolejnych fazach badan w locie. W niniejszej pracy do estymacji wzrostu nie-
zawodnosci zastosowano metode bayesowskq dla dwumianowego wzrostu niezawodnosci opartq na rozktadzie a priori
Dirichleta oraz obliczono parametry rozktadu a posteriori wykorzystujgc metode symulacji Markov-Chain Monte Carlo.
Metode zastosowano w kolejnych fazach badan w locie bezzatogowego statku latajgcego (Unmanned Aerial Vehicle),
a uzyty przyktad pokazuje, iz metoda oparta na rozktadzie a priori Dirichleta moze skroci¢ czas badan w locie. Parametry
rozktadu a priori tatwo jest potwierdzi¢ na podstawie uprzednio znanych informacji. Proponowana metoda nadaje si¢ do
oceny badan wzrostu niezawodnosci podczas kolejnych etapow badan w locie.

Stowa kluczowe: Niezawodnosé, wzrost niezawodnosci, badanie wzrostu niezawodnosci, metoda
bayesowska.

It is necessary for airplanes to be flight-tested during the development process, and they should pass the testing/failure-
finding/improvement/re-testing reliability growth process during the flight-testing phases to ensure its reliability. However,
due to airplane complexity and the high costs of flight-testing, the reliability growth testing is usually done with small
samples. It is thus difficult to estimate the reliability growth during the flight-testing phases. In this paper, Bayesian method
for binomial reliability growth based on the Dirichlet prior distribution is applied to reliability growth estimation, and the
parameters of the posterior distribution are calculated by using the simulation method of Markov-Chain Monte Carlo. The
method is applied to the Unmanned Aerial Vehicle test flight phases, and the example shows that the method based on the
Dirichlet prior distribution can save the flight-testing time. It is easy to confirm the parameters of the prior distribution by
using the prior information. The proposed method is suitable for reliability growth testing estimation during flight-testing
stages.

Keywords: Reliability, reliability growth, reliability growth testing, Bayesian method.

Nomenclature

UAV Unmanned Aircraft Vehicle

RGM Reliability Growth Model

MCMC  Markov-Chain Monte Carlo

R, Reliability of the ith stage of testing

oi, B Dirichlet distribution location and scale parameters

S, The number of successes during the ith stage of
testing

£ The number of failures during the ith stage of
testing

m Total number of testing phases

R, The mission reliability index for the whole system

R, The reliability index of the operating personnel

R, The reliability index of an airplane

1. Introduction

During the process of design, manufacture, and testing, the
reliability and quality of a product are improved through uncove-
ring faults, analyzing the cause, and improving the design, which
is the process of reliability growth [2-5]. This process has be-
come an essential part of reliability improvement projects. For
aircraft design, the flight-testing phases are the reliability growth
process, and the attribute data (pass/failure data) is usually obta-
ined during this process. For reliability growth estimation based
on attribute data, some reliability growth models have been re-
ported in literature. The ordering restriction model is presented
by Barlow, Proschan & Scheuer [12]. Based on the model, Smith
[9] brought forward Bayesian Reliability Growth Model for attri-
bute data in 1977 which applied Bayesian method to deal with bi-
nomial reliability growth estimation. Based on the Dirichlet prior
distribution, Bayesian method for binomial reliability growth had
been put forward by Mazzuchi and Soyer [7]. Erkanli, Mazzuchi
and Soyer [8] discussed the calculation involved in the Bayesian
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reliability growth model by using MCMC (Markov Chain Monte
Carlo) method.

In this paper, the case study on the reliability growth mana-
gement process for the UAV in the Northwestern Polytechnical
University is presented. Considering the operational reliability
requirement, the UAV mission reliability index is allocated and
calculated and the failure criterion is presented for distinguishing
failure category A and failure category B. The prior information
distribution parameters of the model are obtained from experts,
and then field testing data is collected. The Bayesian model ba-
sed on Dirichlet prior distribution is applied to estimating the
reliability growth of attribute data for UAV flight-testing. The
parameters of the posterior distribution are calculated by using
the simulation method of Markov-Chain Monte Carlo.

2. Reliability growth estimation based the dirichlet
prior distribution

Assume that there are m flight-testing phases before an air-
plane is put into quantity production. During the ith stage of te-
sting, S, denotes the number of successes, f; denotes the number
of failures. R (i = 1,2, --,m) denotes the reliability for the ith stage
of testing, and R _, denotes the field reliability. During the m te-
sting phases, the airplane should be redesigned after every failure
is discovered and the reliability of the product is improved by the
stages of testing. So it is reasonable to assume that

0<R,<R<" <R, <l (M

R=(R,R, R . )obeys the ordered Dirichlet!! distribution and
its density is defined by the following multivariate distribution:

P(R) ~ D05, 01, )

() r a1 2
"1 rea HO @

where, R =0, R ., =1, Bis the scale parameter of the prior distri-

m+2

bution, o, > 0, and Zi:l o, =1.

The main characteristic of the Dirichlet distribution is that
the relevant conditional distribution and the marginal distribution
are Beta distributions.

The marginal distributions is

P(R)~ beta(pa;, f(1- ;) 3
where o = ZHa, .
According to this characteristic, we have: E(R) = a;,
Var(R)=(a; x(1-a;))/(B+1) . B is the confidence parameter.
The variance of R is inverse proportional to the value of §.
P(R,~R)~beta(f(@;, -a)).f+ ) (4)
where i<j. We then have
E(R -R ) =q (5)

Equation (5) means that the parameters «, is the expected re-
liability growth value from the (i-1)th to the ith stages of testing.

Iff=m+2,qa = %, the prior distribution of Dirichlet
m+

can be seen as the non-informative prior distribution.

According to the characteristic of Dirichlet distribution, the
parameters a, is the reliability growth expectation value from the
(i-1)th to the ith stages of testing. If the prior information is easy to

be quantified by experts, it’s easy to obtain the parameters of the
prior Dirichlet distribution by using the prior information. Based
on the testing data, the likelihood function can be obtained by

n

L(s, f;; R+ R)=c[ [R"(1-R)" 6)
i=1

According to Bayesian theory, the posterior distribution in-
tensity function can be presented by

F(IB) m+2 fat -1
TRy ————[[(R,—R,.)"™
L T(Ba;) =
[T ™
xc[JRy(1-R)"

Then, the reliability of each phase can be calculated by using
the MCMC method [6]. The MCMC methods are a class of al-
gorithms for sampling from probability distributions based on
constructing a Markov chain that has the desired distribution as
its equilibrium distribution. The state of the chain after a large
number of steps is then used as a sample from the desired distri-
bution.

The Gibbs sampler [1, 6, 10] is a kind of widely used MCMC
method, and it enables the drawing of samples from the posterior
distribution without actually computing the exact distributional
form. This is achieved by successive drawings from the full con-
ditional distributions 7(R; | Ry, R, |,R;,, =R, /).

j-

The sampling process starts with a vector of arbitrary starting
values R =(R,R},"--,R", ) and

draws R' from R’ =(R’,R},---,R’

m+1

draws R from z(R,|R’,---R",,R"---R"

=19 7Y+ m+l

from 7(R,., | R, Ry +-R,)

m

draws R'

m+1

If this iteration is performed & times (i.e., next starts with R
and iterate to R?, and so on), the Gibbs sequence is R, R?, ---,R~.

E(R)~ %Z R @®)

Reliability Growth Estimation for the UAV During Flight-
Testing Phases

UAVs are designed and produced for cultivating the innova-
tion capability of students at Northwestern Polytechnical Uni-
versity every year. The UAV is designed, produced, and tested
in carrying capacity competition. The data used here were obta-
ined in the aviation and spaceflight in 2005 in China. During the
flight-testing phases, The UAV underwent the test/fault-finding/
redesign/retest process as shown in Fig. 1 and Fig. 2. In order to
ensure the mission reliability of the UAV, a reliability growth mo-
del is used to monitor the reliability growth process. The detailed
reliability growth estimation is presented as follows.

3.1. UAV mission reliability index allocation

According to the UAV carrying capacity competition rules,
two UAVs are permitted for every participating team. Thus, it is
necessary that two mature UAVs are designed for the carrying
capacity competition. In order to ensure a successful mission,
the mission reliability diagram of the UAV system is developed
and shown in Fig. 3. According the Fig. 3, two factors should be
considered to make the competing mission successful, one is the
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Fig. 1. The UAV field installation

Fig. 2. Flight testing and design modification

UAV No.l1

The reliability of
— operating personnel [

UAV No.2

Fig. 3. The UAV total system mission reliability diagram

reliability of the ground operating personnel, and the other is the
basic reliability of the airplane. Considering the effect of time
and cost, the design target of the mission reliability for the whole
system R_is set at 90%. According to the Fig. 3, the mission re-
liability can be presented by

R =R, x (Ryay + Ry — Ry ¥ Ryyy) 9

According to the experience, the reliability of the operating
personnel R is assumed to be 0.94. The reliability index of each
airplane R, is 80% by using the Formula (8). In view of uncer-
tainty of the flight and transportation processes, a design margin
is needed, and the reliability object of each airplane is set at 0.9
in the design process. Using the diagram in Fig. 3, the reliability
of the mission is expected to be 0.9024.

3.2. Failure criterion

Some failure modes were observed during reliability growth
testing. The failure modes can be divided into two types: failu-
re category A and failure category B. Correction action must be
done for failure category B, and only repair action is done for
failure category A. Only failure category B needs to be recorded
in the reliability growth process. Thus, we need a clear criterion

for failure category B. After discussion with the designers and
experts, the failure category B is composed of failures due to
airplane design deficiencies (such as the unreasonable airplane
configuration, insufficient structural rigidity and unsteadiness of
joint), which are shown as follows.

(1) Failures resulting in airplane crash and disintegration,

(2) Component failures affecting competition of the airplane fli-
ght mission,

(3) Flight instability.

The failures below are not included in failure category B:

(1) Failures due to human errors,

(2) Failures resulting from environmental factors (such as gust
of wind, poor runway),

(3) Failures due to unreasonable assembly.

4. Testing Data during Reliability Growth Process

During the flight testing process, according to the failure
criterion, the failures were recorded. In all testing phrases, the
systemic failures of the airplane are summarized and shown in
Table 1.

The success/failure sequential data were collected during the
eight testing phrases and shown in Table 2.

5. Determination of the Prior Information Distribu-
tion Parameters

The UAV design team has designed many types of UAVs
and is experienced in flight-testing. The experts predict that ten
phases and almost fifty flight-testing are needed based on their
experience. The prior information is mainly relied on the desi-
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Tab. 1.  Failure modes during the flight-testing phases
Serial .
Failures Reasons Improvement measures
number
1 Nose landing gear bending when inadequate rigidity of Nose landing gear [Improvement of the landing gear
landing
2 output power of engine reduced be-  |oil pipeline distortion because of heat Improvement of the pipe and adding cooling fin

cause of oil pipeline distortion

of engine

3 Instability flight

Unreasonable airplane center of gravity

Harmonizing the fuselage and mass balance

stagger flight

Improper airfoil size

Improvement of airfoil machining precision and

plane size adjustment

5 stagger flight

Unreasonable airfoil joint

The hinge joint is changed into the fixed joint

Poor longitudinal stability

unreasonable installation angle of sta-
bilator

Improved installation angle of stabilator

7 stabilator flutter

Inadequate stiffness of stabilator

Increasing the stiffness of stabilator

8 Damage of aircraft wheel

Inadequate strength of aircraft wheel

Redesign or strengthen the wheel

9 Difficult adding the stowage

Unreasonable hold design

Redesign

10 Insufficient engine power

No deceleration system

Adding reasonable deceleration system

Tab. 2.

Success/failure data during the eight test flight stages

Stage of testing i 1 2 3 4 5 7 8
Number of successes 0 1 1 2 5 6 10
Number of failures 3 2 1 1 1 1 1 0
Tab. 3.  The prior distribution parameters
Location Parameters a, a, a, a, ag a,
value 0.2 0.2 0.172 0.1585 0.0928 0.0627
Location Parameters a, ag a, a, a, a,
value 0.0426 0.0225 0.0124 0.0123 0.0122 0.0220

gner’s experiences. Therefore, according to the previous airplane
test flight data and its design, the parameter of the prior distribu-
tions o, (=1, ...,12) can be assessed by designers: # =10, the
values of ¢, are shown in Table 3.

6. Reliability growth estimation from attribute
data

The airplane’s field reliability can be obtained by combining
prior information and posterior distribution parameters. The re-
liability of the UAV in different phases is calculated by using the
Gibbs Sampling method, and is shown as below in Table 4.

From Table 4 above, the reliability growth estimation model
can predict the reliability in the future testing phrases (R, R,,).
The reliability of UAV has reached 0.9398, which is higher than
the original aim of 0.9 after undergoing eight flight-testing pha-

Tab. 4. Posterior distribution reliability estimation

ses. The reliability target has been reached by the 9th phase and
there is no need to go to phases 10 and 11.

After the Gibbs sampler became convergent, two thousand
additional samples were generated and we found that

P(R,> 0.9) =0.7944 (10)

If reliability testing is done to validate the mission reliabili-
ty index of 0.9 for the whole systems with the confidence level
of 0.7944, the reliability testing plan parameters for the product
considering only safety and failure patterns are given in Table 5.

From Table 5, if reliability testing for validating the reliabi-
lity index is needed, more flight-testing must be conducted. So
the time and cost can be saved by applying the reliability growth
testing monitor process.

Reliability Expectation R, R, R, R, R, R,
Values 0.1509 0.3424 0.5076 0.6569 0.7415 0.8078
Reliability Expectation R, R, R, R, R,

Values 0.8832 0.9398 0.9542 0.9656 0.9768

Tab.5. Reliability testing plan parameters

Failure Criterion: # of acceptable
failures

Flight-testing sampling size

16

30

42

46
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7. Discussion & conclusion distribution is appropriate in the staged reliability growth testing
process. There are three advantages of the method: (1) it is easy
to obtain the parameters of the prior distribution by using prior
information; (2) it can predict the reliability in the future testing
phrases; and (3) it can save time and cost effectively.

The Bayesian method is applied to reliability growth esti-
mation for the UAV during the testing/failure-finding /impro-
vement-/retesting reliability growth process. Application on the
case study shows that the method based on the Dirichlet prior

stk sk skokok ko

The authors would like to acknowledge the support of National Natural Science Foundation of China (NO.10402035) and the Air Force
Basic Technique Project (NO.N3BK0501).

sfesteske sfeske sk skeske sk

8. References

1. Erkanli A, Mazzuchi T A, Soyer R. Bayesian computations for a class of reliability growth models. Technometrics 1998; 40:
14-23.
2. HuangHZ,AnZ W. A discrete stress-strength interference model with stress dependent strength. IEEE Transactions on Reliability
2009; 58: 118-122.
3. HuangHZ,LiY H, Xue L H. A comprehensive evaluation model for assessments of grinding machining quality. Key Engineering
Materials 2005; 291: 157-162.
4. Huang H Z, Liu Z J, Murthy D N P. Optimal reliability, warranty and price for new products. IIE Transactions 2007; 39: 819-
827.
5. Huang H Z, Zuo M J, Sun Z Q. Bayesian reliability analysis for fuzzy lifetime data. Fuzzy Sets and Systems 2006; 157: 1674-
1686.
6. Mao S, Wang J, Pu X. Advanced Mathematical Statistics. Beijing: China Higher Education Press, 1998.
7. Mazzuchi T A, Soyer R. A Bayes method for assessing product reliability during development testing. IEEE Transactions on
Reliability 1993; 42: 503-510.
8. Mazzuchi T A, Soyer R. Reliability assessment and prediction during product development. Las Vegas, 1992; The Annual
Reliability and Maintainability Symposium.
9. Smith, Mazzuchi T A. A Bayesian notes on reliability growth during a development testing program. IEEE Transactions on
Reliability 1977; 26: 346-347.
10. Sohn SY. Bayesian Dynamic Forecasting for Attribute Reliability. Computers & Industrial Engineering 1997; 33: 741-744.
11. Vatistas G H, Lin S, Kwok C K. Reverse flow radius in vortex chambers. AIAA Journal 1986; 24: 1872, 1873.
12.  Zhou Y. Assessment of reliability growth during the development of product. Structure & Environment Engineering 1983; 11:
1-19.

Tianxiang YU, Ph.D.

Associate Professor Weimin CUI

Prof. Bifeng SONG, Ph.D.

Prof. Shennan WANG

College of Aeronautics, Northwestern Polytechnical University
Xi'an, Shaanxi, 710072, P. R.China

e-mail: tianxiangyu@nwpu.edu.cn

MAINTENANCE AND RELIABILITY NR 2/2010 47





<<
  /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


