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Abstract. Vibration signal of reciprocating compressor gas valve presents a typical characteristics
of non-stationarity and nonlinearity. An integration approach based on local mean decomposition
(LMD) and Lempel-Ziv complexity (LZC) is proposed in this paper for improvement of diagnosis
accuracy. First, the LMD method is applied to decompose original gas valve signals into a set of
product functions (PFs), each of which is stationary signal. Then, the main PF components are
selected by mutual information (MI) method with the original signal, and the LZC of each main
PF is computed to form the feature vectors. Finally, the BP neural networks is applied to diagnose
the faults of reciprocating compressor gas valve based on the feature vectors above. Experimental
results indicate that the fault features of reciprocating compressor gas valve can be extracted by
the integration of LMD and LZC. So the proposed approach is one of ways to achieve more
accurate diagnosis of reciprocating compressor.

Keywords: fault diagnosis, local mean decomposition, Lempel-Ziv complexity, mutual
information, gas valve.

1. Introduction

Reciprocating compressor plays an important role in petrochemical industry, where gas valve
is an essential component of reciprocating compressor. According to statistics, 60 % of
reciprocating compressor failures was caused by gas valve [1]. Once it fails, considerable
economy losses and serious safety problems will arise. So gas valve fault detection and diagnosis
is one of important tasks in industrial maintenance. Vibration signals generated by reciprocating
compressor gas valve present a multiple impulse source characteristics, which is typical
non-stationary and nonlinear. Therefore, it is difficult to extract features of reciprocating
compressor gas valve, effectively.

To process the non-stationary signal, modern time-frequency analysis techniques, such as
wavelet transform (WT) and Hilbert-Huang transform (HHT), have been well accepted and widely
applied to fault diagnosis of rotating machinery, which attracted more and more attention during
the past few decades [2-3]. However, all of these techniques also present some own limitations in
fault diagnosis of reciprocating machinery. In the case of WT, the appropriate base function needs
to be selected in advance, which require some prior knowledge about fault mechanism. Compared
with WT, HHT is a self-adaptive signal processing method that could decompose a non-stationary
signal into a number of intrinsic mode functions (IMFs) based on empirical mode decomposition
(EMD) [4]. By Hilbert transform, the corresponding frequency and energy distribution of signals
can be obtained from IMFs. However, there still exist many deficiencies in EMD such as the end
effects, mode mixing, IMF criterion and envelope line [5]. Recently, a novel self-adaptive
time-frequency analysis method named LMD was first proposed by Jonathan S. Smith as an
extension of EMD to process EEG perception data [6]. LMD can decompose a multi-component
signal into a set of PFs, each of which is the product of an amplitude envelope (AM) signal and a
frequency modulated (FM) signal. The gas valve signal of reciprocating compressor represents

© JVE INTERNATIONAL LTD. JOURNAL OF VIBROENGINEERING. NOV 2014, VOLUME 16, IssUE 7. ISSN 1392-8716 3609



1446. FAULT DIAGNOSIS OF RECIPROCATING COMPRESSOR GAS VALVE BASED ON LOCAL MEAN DECOMPOSITION AND LEMPEL-ZIV COMPLEXITY.
TANG YOUFU, ZOU LONGQING, LEI YONG

AM-FM feature, which is more obvious when fault occurs [7]. So it is possible to apply LMD to
the fault feature extraction of reciprocating compressor gas valve. However, the corresponding
time-frequency features in different gas valve states are not accurate enough. The problem is
mainly focused on three concepts. Firstly, the analysis results are not stable and reliable when the
number of samples increase. Secondly, the magnitude of amplitude is much different and the
comparability is poor. Finally, the different noise influence the accuracy degree of result. The
above problem is closely related to the nonlinear dynamics characteristics of reciprocating
compressor gas valve.

The degree of nonlinearity for dynamical systems can be identified by calculating the chaotic
characteristics of time series in dynamical systems, including correlation dimension, Lyapunov
exponents, entropy, complexity etc. The notion of complexity is first proposed by Kolmogorov to
measure the needed bit numbers for the shortest program that can produce a symbol series. Later,
the specific algorithm called LZC was given by A. Lempel and J. Ziv [8]. LZC can reflect the
information content for time series analysis involving nonlinear dynamics. Moreover, the
normalized complexity index C of LZC can measure the nonlinear characteristics of time series
[9]. Therefore, LZC can be extracted as the fault feature of reciprocating compressor gas valve.

In the paper, an integration approach based on LMD and LZC is proposed for improving the
diagnosis accuracy of reciprocating compressor gas valve. The vibration signals of gas valve in
four states, such as normal valve, gap valve, fractured valve and bad spring valve, are firstly
decomposed by LMD into a set of PFs and a residual term. Then, the main PF components are
selected by MI method with the original signal, and the LZC of each main PF components is
computed to form the feature vectors. Finally, the BP neural networks is applied to diagnose the
faults of reciprocating compressor gas valve based on the feature vectors above. Experimental
results indicate that the fault features of reciprocating compressor gas valve can be extracted by
the integration of LMD and LZC. It is therefore concluded that the proposed approach is one of
the ways to achieve more accurate diagnosis of reciprocating compressor.

2. Algorithm and performance of LMD

For a given signal x(t), the LMD algorithm can be briefly described as follows [10].
1) Calculate the mean of the maximum and minimum points of each half-wave oscillation of
the signal x(t):

n; +n;
m; = 4 (1)
2
where n; and n;,, are two successive extremer. The local means m; are then smoothed using
moving averaging to form a smoothly continuous local mean function m(t).
2) Get the local amplitude of each half-wave oscillation of the signal x(t):

In; — Myl

5 2

a; =

The local amplitudes are smoothed in the same way as the local means to form a smoothly
varying continuous envelope function a(t). Assuming that the initial envelope estimation is
denoted by a,4(t), and the initial mean is denoted by my (t).

3) Subtract the local mean function m4 (t) from the signal x(t):

hy1(t) = x(t) —my4 (). 3)

4) hy,(t) can be amplitude demodulated by the local amplitude function a4 (t):
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hy1(t)
a1 (t)

s31(8) = 4

where s, (t) is frequency modulated signal. Then the envelope a,,(t) of s;1(t) can be calculated.
If a,,(t) #1, the procedure needs to be repeated n times until a pure frequency modulated signal
S1n(t) is obtained. So:

hy; (@) = x(t) — my,(0),

hi,(t) = 511(t) —my,(2),
312( ) = 511(0) 12(8) 5)
hln(t) = Sl(n—l) (t) - mln(t)’
where:
hy (£)
s11(t) = ,
11 ( ) a;, (t)
hy,(t)
s12(t) = 2,0’ (6)
hln(t)
t) = —=<.
Sln( ) ain (t)
5) The corresponding envelope of s, (t) is given by:
n
@ (6) = an (O (©) - ann(® = | Jasg®), ™
q=1
where a, (t) is called instantaneous amplitude function, and the objective is that:
limay,(t) = 1. (8)

6) The instantaneous frequency function can be defined from the pure frequency modulated
signal s;,,(t) as:

1 d[arccos(s1,(0))] )
2n dt '

fi(®) =

7) Multiply s, (t) by the envelope function a, (t) and the first product function PF; (t) of the
signal x(t) can be obtained:

PFy(8) = a1 ()s1n(2), (10)

where PF; (t) contains the highest frequency oscillations of the signal x(t).

8) Subtract the product function PF; (t) from the signal x(t), and a new signal u, (t) can be
obtained. Then the whole process above is repeated k times until u(t) is a constant or contains
no more oscillations:
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u () = x(t) — PF, (1),
yz(t) =u(t) — PF,(¢), (11)

U () = U1 (6) = PF(0).

Thus, the original signal x(t) can be reconstructed according to:

k
x(t) = Z PE,(t) + uy (). (12)
p=1

According to the algorithm above, LMD can extract several physically meaningful PFs and a
residual term u(t), so it adapts the analysis of non-stationary signal. The PFs contain the main
information of the original signal and can be used for the feature extraction.

Before applying the LMD method to fault feature extraction of reciprocating compressor gas
valve, we need evaluated its performance on some non-stationary simulation signals, for which
the ground truth is fully known. Time—frequency representation is best suited to non-stationary
signals, since it preserves both time and frequency information. The simulation signal x(t) is
taken as an example in the following:

s(t) = [1 4+ 0.5cos(107t)]cos[80mt + 0.5cos(107t)] + sin(10mt) + sin(307wt), (13)

where s(t) is a AM_FM signal. t is 2 s and sample frequency is 1000 Hz. Add a nonlinear trend
d(t) to s(t), and then the investigated signal x(t) is obtained as follows:

d(t) =15et +t2 -2t +1, (14)
x(t) = s(t) + d(b). (15)
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Fig. 1. Comparison of different time-frequency analysis method for x(t)

The performance comparison of WT, HHT and LMD is given in Fig. 1. It can be observed
from Fig. 1(b), Fig. 1(c) and Fig. 1(d) that time-frequency feature can be extracted based on
wavelet, EMD and LMD, respectively. However, the frequency resolution of wavelet is too bad
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and the two end effects of EMD are much serious. Compared with wavelet and EMD, LMD
method can decompose the original signal more accurately in resolution capabilities and closer to
the truth. The AM-FM component is a horizontal line with a periodically changed magnitude, the
carrier frequency 40 Hz and modulated frequency 5 Hz can easily be identified from the first
horizontal line in Fig. 1(d). In addition, the harmonic frequency 15 Hz and 5 Hz can also be
extracted. Furthermore, Fig. 2 shows that the decomposition result of x(t) based on LMD. It
clearly reflects the four features: PF1 represents the AM-FM signal, PF2 and PF3 represent the
two harmonic signals respectively. The final components u(t) is corresponding to the trend signal
d(t). The above result indicates that LMD can extract the features of non-stationary signal
comprehensively.

PF1
tn = 2

PF2
=

PF3
=
%

————
oL

u(t)

L L I L I 1 ]
0 0.2 0.4 0.6 0.8 1 12 14 16 18 2
Times (s)

Fig. 2. Decomposition result of x(t) based on LMD

-5

3. Algorithm and performance of LZC

LZC analysis is based on a coarse-graining of the measurements. Before the LZC measure is
calculated, the time series must be transformed into a finite symbol sequence. Generally, an
arbitrary time series {x(i)|i = 1,2, 3, ..., n} is converted into a binary series. By comparison with
the threshold, x (i) are converted into a 0-1 series {S(i)| i = 1,2, 3, ...,n} as follows [11]:

, 0, x(i) < xgper
SO={1 X0 = e (e
where x4, 1s the mean of time series of x(i). Then, the LZC measure can be estimated by using
the following algorithm as shown in Fig. 3.

Above algorithm is repeated until Q is the last character. The measure of complexity is c(n).
In order to obtain a complexity measure which is independent of the series length, c(n) must be
normalized. If the length of the sequence is n and the number of different symbols in the symbol
set is 2, it has been proved that the upper bound of c(n) is given by:

ii_r)gloc(n) =b(n) = logz%' (17)

and c(n) can be normalized via b(n):

B c(n) <

0< —@_

C 1, (18)
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where the normalized complexity index C is called Lempel-Ziv complexity.
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Fig. 3. The principle diagram of LZC

Obviously, Eq. (18) can be established only if the sample length n is large enough. The
literature has given the experience valve n = 3600 [12]. The complexity index C presents the
random degree of time series. For the completely random time series, C is close to 1. On the other
hand, the periodic time series is close to 0. In practice, the vibration signals of reciprocating
compressor vary with each fault states randomly, so the LZC can be extracted as a useful measure
for machine health condition feature.

Vibration signals of reciprocating compressor are usually nonlinear, which are difficult to
establish the nonlinear dynamics model for system failure. Therefor the complexity index C of
signal can not be effectively obtained. To identify the effectiveness of LZC method, the typical
nonlinear dynamical system are taken as an example to investigate the performance of LZC.

Consider the following Logistic map [13]:

Xn+1 = A Xn * (1 - Xn), (19)

where x,, € [0, 1], A € [2.8, 4], 4 is the control parameters, the step size is 0.01. The sample length
of nonlinear time series is N = 5000.

According to the LZC algorithm, the complexity index C of Logistic map with different
parameters A can be calculated. The result is shown in Fig. 4.

Observe Fig. 4(a) and Fig. 4(b), it indicates the dynamical behaviour of logistic map with
different control parameters A. The trends of lyapunov exponent and the complexity index C are
much synchronous. When 2.8 < A < 3.57, lyapunov exponent is less than zero and it shows that
Logistic system enters in periodic or quasi-periodic region. Moreover, most values of LZC are
close to zero. When 3.57 < A < 4, lyapunov exponent is greater than zero and it indicates that the
system enters chaos region. Meanwhile, the complexity index C tends to be around 0.5. During
this region, lyapunov exponent less than zero including A = 3.63, A = 3.74 and 1 = 3.83 are
called periodic windows. In these regions, the complexity index C is still close to zero.

In summary, LZC can be used as indentifing the dynamical behaviour of nonlinear system
effectively. The analysis results are stable and reliable when the number of samples
increase. Therefore, the LZC value of different system states can be compared together without
any prior knowledge about fault mechanism.
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Fig. 4. The Logistic map with different parameters A:
a) bifurcation diagram; b) comparison of lyapunov exponent and LZC

4. Feature extraction based on integration of LMD and LZC

According to the above instruction of LMD and LZC, non-stationary signal can be easily
decomposed into stationary one by the LMD method, and nonlinear signal can be measured with
a stable feature by the LZC method. Considering the non-stationarity and nonlinearity of gas valve
signal, an integration approach based on LMD and LZC is proposed for improvement of diagnosis
accuracy. The integration of diagnosis methods can be presented as shown Fig. 5.

LMD MI LZC BP
Signal wehyl  Product Functions |l Main components H Feature vectors mmmh Diagnosis result

Fig. 5. Block diagram of the integration method based on LMD and LZC

In Fig. 5, the original gas valve signals is firstly decomposed into a set of product functions
PF,, PF,,..., PE, by the LMD method, each of which is stationary signal. Secondly, the main PF
components PF,, PF,,..., PF, are selected by the MI method. The definition of MI can be given
as follow [13]:

n

B ~ U\ p(xy)
104, Y) = Hx) + H(Y) H(X.Y)—ZZ () log 2CSs, (20)

where p(x), p(y) and p(x,y) are the probability density function of two random variables X, Y
and the joint probability distribution of (X, Y).

MI measures the correlation degree of two signal. When they are absolute, MI value is 0. When
they are fully the same, the value is 1. Then, the LZC of each main PF components is computed
to form the feature vector C = [cy, Cy, ..., G| . Finally, the BP neural networks is applied to
diagnose the faults of reciprocating compressor gas valve based on the feature vetors above.

5. Application in fault diagnosis of reciprocating compressor gas valves

In order to verify the effectiveness of this newly proposed approach, some experiments were
carried out with four types of reciprocating compressor gas valves including normal valve, gap
valve, fractured valve and bad spring valve. Vibration signals were collected by vibration
acceleration transducers fixed on gas valve cover. Sample frequency is 50000 Hz and sample time
is 0.2's [14, 15]. Fig. 6 shows experimental equipment of reciprocating compressor. And the
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components and interconnection of the test-bed installation is shown in Fig. 7. The components
include the motor, the rotor-bearing system, the cylinder, the crosshead, the slideway and the

crankcase.

Fig. 6. Experimental equipment of reciprocating compressor

Motor

Nl
Crosshead? Crankcase Crossheadl Transducer

Fig. 7. Structure sketch of reciprocating compressor test-bed

Time waveforms of vibration signal in four gas valve states are shown in Fig. 8. A total of 200
samples are taken for each gas valve state, of which 100 are selected as the learning data for
training and the other 100 samples are taken as the testing data for diagnosing.

2
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Fig. 8. Time waveforms of gas valve in four states
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Taking the gap valve signal as an example, LMD is first used to decompose the sample signals,
and then the decompostion result in gap valve state can be obtained as shown in Fig. 9. Moreover,
Fig. 10 reflects the MI and LZC of each PF component. Both MI and LZC are much synchronous
and decreasing with the decomposition layers. Obviously, the main information is included in the
first five PF components which represent the high frequency bands of the gas valve signal. So the
feature vector C = [cy, €3, €3, C4, C5] Of the first five PF components are then obtained using LZC
features, respectively. In addition, the wavelet energy feature and the HHT energy feature are used
to verify the improvement of diagnosis accuracy for the proposed integration approach.

PF1

PF2

=

==

PF4 PF3
S Fbh e bNhe hm e mn e

1

t

+

4

| ¥

7 B

PF5

PFe
=

PF7

u(t)
=

0.01 [ 1 L |
Time (s)

Fig. 9. Decomposition result in gap valve states based on LMD
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Fig. 10. Comparison of MI and LZC for each PF component in gap valve state

The desirable output is vector [1, 0, 0, 0] for the neural network of training and learning when
the samples of normal valve state is input. The desirable output are vectors [0, 1, 0, 0], [0, 0, 1, 0]
and [0, 0, 0, 1] when fault samples of gap valve, fractured valve and bad spring valve are input
respectively. The input layer node number of neural network is 15, while its output layer node
number is 4. BP neural network adopts a hidden layer with 8 nodes. In order to verify the
effectiveness of the proposed approach, energy features extracted by WT, HHT and LMD are also
diagnosed by BP neural network for above gas valve samples. The diagnosis results are given in
Table 1, it can be seen from the table that different methods have different accuracies, but the
accuracy achievable through integration of LMD and LZC is the highest. The dignosis accuracy
are 91.4 %, 93.1 %, 92.6 % and 94.5 % for four gas valve states, respectively. While the accuracies
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achievable through WT, HHT and LMD are respectively improved in turn. Therefor, it is testified
that the integration of LMD and LZC can be used to effectively improve fault diagnosis accuracy
of reciprocating compressor gas valve.

Table 1. Fault diagnosis results of reciprocating compressor gas valve

Gas valve states Diagnosis accuracy (%)
No. Name By WT | By HHT | By LMD | By integration of LMD and LZC
1 Normal 82.4 83.7 85.3 914
2 Gap 84.8 85.1 88.7 93.1
3 Fractured 83.5 84.2 86.5 92.6
4 | Bad spring 86.1 87.3 90.2 94.5

6. Conclusions

An integration approach based on LMD and LZC is proposed for the improvement of diagnosis
accuracy for reciprocating compressor gas valve. LMD method can effectively alleviate the
non-stationarity of signal. The stable and reliable LZC feature can be used for indentifying the
dynamical behavior of nonlinear system without any prior knowledge about fault mechanism. In
this study, the feature vectors are established by integrating LMD and LZC method, wavelet
energy, HHT energy and LMD energy, respectively. The BP neural networks is applied to
diagnose the faults of reciprocating compressor gas valve based on the feature vetors above.
Experimental results indicate that the fault features of gas valve can be extracted by the integration
of LMD and LZC. It is therefore concluded that the proposed approach is one of the ways to
achieve more accurate diagnosis of reciprocating compressor gas valve.

Acknowledgements

This work in this is supported by National Natural Science Foundation of China (Grant
No. 51175316) and Heilongjiang Province Natural Science Foundation of China (Grant
No. QC2014C045).

References

[1] Ma J., Jiang Z. N., Gao J. J. Feature extraction method based on chaotic fractal theory and its
application in fault diagnosis of gas valves. Journal of Vibration and Shock, Vol. 31, Issue 19, 2012,
p. 26-30.

[2] Kankar P. K., Sharma S. C., Harsha S. P. Rolling element bearing fault diagnosis using
autocorrelation and continuous wavelet transform. Journal of Vibration and Control, Vol. 7, Issue 14,
2011, p. 2081-2094.

[31 WuT.Y,, Chen J. C., Wang C. C. Characterization of gear faults in variable rotating speed using
Hilbert-Huang Transform and instantaneous dimensionless frequency normalization. Mechanical
Systems and Signal Processing, Vol. 18, Issue 30, 2012, p. 103-122.

[4] WuT.Y., Hong H. C., Chung Y. L. A looseness identification approach for rotating machinery based
on post-processing of ensemble empirical mode decomposition and autoregressive modeling. Journal
of Vibration and Control, Vol. 18, Issue 6, 2012, p. 796-807.

[S] QinS. R., Zhong Y. M. A new envelope algorithm of Hilbert—-Huang transform. Mechanical Systems
and Signal Processing, Vol. 20, Issue 8, 2006, p. 1941-1952.

[6] Smith J. S. The local mean decomposition and its application to EEG perception data. Journal of the
Royal Society Interface, Vol. 2, Issue 5, 2005, p. 443-454.

[71 Long J. Q., Zhou S. J., Yu P. Experimental investigation of vibration and noise control of
reciprocating compressors. Advanced Materials Research, Vol. 443, 2012, p. 837-842.

[8] Lempel A., Ziv J. On the complexity of finite sequences. IEEE Transactions on Information Theory,
Vol. 22, Issue 1, 1976, p. 75-81.

3618  ©JVE INTERNATIONAL LTD. JOURNAL OF VIBROENGINEERING. NOV 2014, VOLUME 16, ISSUE 7. ISSN 1392-8716



1446. FAULT DIAGNOSIS OF RECIPROCATING COMPRESSOR GAS VALVE BASED ON LOCAL MEAN DECOMPOSITION AND LEMPEL-ZIV COMPLEXITY.

91

[10]

[11]

12]
[13]

[14]

[15]

TANG YOUFU, ZOU LONGQING, LEI YONG

Tang Y. F., Liu S. L., Jiang R. H., Liu Y. H. Correlation between detrended fluctuation analysis and
the Lempel-Ziv complexity in nonlinear time series analysis. Chinese Physics B, Vol. 22, Issue 3,
2012, p. 030504.1-030504.9.

Wang Y. X., He Z. J., Xiang J. W., Zi Y. Y. Application of local mean decomposition to the
surveillance and diagnostics of low-speed helical gearbox. Mechanism and Machine Theory, Vol. 47,
Issue 1, 2012, p. 62-73.

Hong H. B., Liang M. Fault severity assessment for rolling element bearings using the Lempel-Ziv
complexity and continuous wavelet transform. Journal of Sound and Vibration, Vol. 320, Issue 1,
2009, p. 452-468.

Hou W.,, Feng G. L., Dong W. J. Investigation about the Lorenz model and Logistic equation based
on the complexity. Acta Physica Sinica, Vol. 54, Issue 8, 2005, p. 3940-3946.

Garvey S. D., Penny J. E. T., Friswell M. 1. Quantifying the correlation between measured and
computed mode shapes. Journal of Vibration and control, Vol. 2, Issue 2, 1996, p. 123-144.

Tang Y. F., Liu S. L., Liu Y. H., Jiang R. H. Fault diagnosis based on nonlinear complexity measure
for reciprocating compressor. Journal of Mechanical Engineering, Vol. 48, Issue 3, 1976, p. 102-107.
Tang Y. F., Liu S. L. Time-frequency feature extraction from multiple impulse source signal of
reciprocating compressor based on local frequency. Journal of Vibroengineering, Vol. 15, Issue 2,
2013, p. 574-587.

Tang Youfu received the Master’s degree in Mechanical Science and Engineering
College, Northeast Petroleum University, China, in 2006 and completed his Ph.D. in
Mechanical and Electronic Engineering from the School of Mechatronic Engineering and
Automation, Shanghai University, China, in 2013. Presently he is an associate professor in
Engineering Mechanics at Mechanical Science and Engineering College, Northeast
Petroleum University. His current research interests include Mechanical fault diagnosis,
Noise and Vibration Control.

Zou Longqing received Ph.D. degree in Design and Construction of Architecture and
Ocean Structure from Harbin Engineering University, Heilongjiang, China, in 2006. Now
he is a Professor in Mechanical Science and Engineering College, Northeast Petroleum
University. His current research interests include Vibration test and vibration isolation
research, Finite element analysis and simulation technology, Detection of characteristics
of oil equipments, Machinery Design.

Lei Yong received the B.S. degree in Marine Power Plant Technology from BoHai
Shipbulilding Vocational College, Huludao, China, in 2005. Now he is a worker in Bohai
Shipbuilding heavy industry co., Ltd. civilian production management department,
Huludao, China. His current research interests include Equipment maintenance
technology, Vibration test and vibration isolation research.

© JVE INTERNATIONAL LTD. JOURNAL OF VIBROENGINEERING. NOV 2014, VOLUME 16, IsSUE 7. ISSN 1392-8716 3619




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /CMYK
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth 8
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [4000 4000]
  /PageSize [612.000 792.000]
>> setpagedevice


