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Abstract. Since the vibration signals of gearbox are non-linear and non-stationary, it is difficult 
to accurately evaluate the working conditions. Therefore, a fault feature extraction technique 
based on intrinsic characteristic-scale decomposition (ICD) and multi-scale entropy (MSE) is 
presented in this paper. The measured signals are firstly decomposed into a series of product 
components (PCs) by ICD. Secondly, the main product component is selected, and then MSE is 
used to extract the feature vectors from the selected PCs. Finally, the obtained feature vectors of 
gearbox with different scale factors are adopted as inputs of support vector machine (SVM) to 
fulfill the fault patterns identification. The superiority of the proposed technique is verified 
through comparing with three other methods. 
Keywords: intrinsic characteristic-scale decomposition, fault feature extraction, multiscale 
entropy, gearbox. 

1. Introduction 

Rotating machines are playing an important role in the industry field and widely used in 
automatics, helicopters, railways and transportations, thus high speed, large load and other 
conditions can lead to its high damage probability. Faults even result in equipment health 
deterioration and breakdown [1, 2]. As the typical rotating machinery, gear fault diagnosis has 
attracted considerable attention in recent years [3]. The vibration analysis method has been widely 
applied in diagnosing the gear fault due to its intrinsic merits of revealing gear failure [4, 5].  

Recently, the commonly used time-frequency analysis methods are empirical mode 
decomposition (EMD) [6-8] and local mean decomposition (LMD) [9-11]. EMD can decompose 
a signal into intrinsic mode functions (IMFs) and a residual. However, EMD method exists some 
drawbacks, such as mode mixing, end effect and negative frequency, etc. In order to improve 
EMD, LMD was proposed by S. Smith. LMD method also has the problems of mode mixing and 
time consuming. A new time-frequency method, named intrinsic time-scale decomposition (ITD), 
was proposed by Frei and Osorio in 2006 [12]. In the opinion of the proposer, ITD can overcome 
the limitations of EMD, such as the end effect and the sifting process.  

Inspired by the sifting process of LMD and ITD, intrinsic character-scale decomposition (ICD), 
a new self-adaptive method is proposed in the document [13]. After describing the product 
component (PC), a complex signal can be decomposed into a series of PCs and a residue. When 
fault occurs, the vibration signal shows AM-FM characteristics. Since ICD decomposition process 
is the demodulation process, it can be used to demodulate the feature of the vibration signal. 

Sample entropy was proposed by Richman and Moorman [14], however, in the real application 
the sample entropy algorithm often produced contradictory results. To avoid the drawbacks of 
single sample entropy, Costa [15] put forward a multi-scale entropy procedure to estimate the 
complexity of the original time series over a range of scales. Multi-scale entropy (MSE) was firstly 
applied for heart rhythm variability research. Later, MSE was used in the field of fault diagnosis 
[16,17]. In this paper., MSE is used as feature extractor Based on the above analysis, the 
demodulation methods LMD and MSE are combined and applied to the gearbox. 

The rest of this paper is organized as follows: the main steps of ICD are introduced in  
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Section 2. In Section 3, the basis of MSE is described. Meanwhile, the feature extraction procedure 
based on LMD and MSE is proposed. The experiment data analysis of the gearbox vibration 
signals with different fault conditions is presented in Section 4. Finally, conclusion is drawn in 
Section 5. 

2. Intrinsic characteristic-scale decomposition  

2.1. Description of PC 

Similar to LMD, ICD is a self-adaptive decomposition method. ICD can self-adaptively 
decompose a multi-component signal into a small set of product components (PCs), each of which 
is the product of an amplitude envelope signal and a purely frequency modulated signal [13]. Any 
two PCs are independent to each other, the definitions of PC should be met two conditions: 

(1) Among all the data set, all the maximum points are positive, all the minimum points are 
negative. 

(2) In the whole data set, suppose all the extreme points as ( , ). Given any adjacent 
extreme points ( , )  and ( , ),  at the ,   and  are the following 
relationships: 

= − 1 ,    ∈ (0,1), (1)

where:  = + −− ( − ), = 2,3, … , , (2)

where  is the number of extreme points. 

( )x t

t
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Fig. 1. Illustration of the friendship between  and  using a mono-component signal 

Generally, = 0.5 ( ⁄ = –1) is shown as Fig. 1. The above conditions have assured that 
the PC has a single mode between two adjacent extreme points. 

2.2. ICD method 

Based on the description of PC, using ICD method, the original signal can be reconstructed by 
a series of PCs and a residual. For any signal ( ), it can be decomposed in the following way. 

(1) Suppose ( , ) ( = 1,2 … ) and calculate the reference points  ( = 2,3 … − 1) 
according to Eq. (2). Since the calculate value of  ranges from 2 to − 1, it is needed to extend 
the boundary of the data, which is done by the mirror-symmetric extension method [18]. By doing 
this, two extreme values can be got and written as ( , ) and ( , ). Then,  and  
can be calcluated by Eq. (2), and the  ( = 1,3 … ) can be obtained. 

(2) Calculate the corresponding local mean points  ( = 1, … , ) and local envelope points 
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 ( = 1, … , ), respectively: 

= +2 , (3)= | − |2 . (4)

(3) All the local mean points  and envelope points  are connected by the cubic spline 
method to construct the local mean function ( ) and the envelope function ( ). 

(4) The local mean function ( ) is subtracted from the original signal ( ), then the new 
data ℎ ( ) is given as follows: ℎ ( ) = ( ) − ( ). (5)ℎ ( ) is then amplitude demodulated by dividing into ( ): 

( ) = ℎ ( )( ). (6)

If ( ) is a purely frequency signal, go to step (5). Otherwise, regard ( ) as the original 
signal and repeat the above steps. 

(5) The corresponding envelope signal ( ) is given by multiplying together the envelope 
estimate functions that are obtained during the step (4) iteration process: 

( ) = ( ) ( ) ⋯ ( ) = ( ). (7)

(6) Multiply ( ) by the envelope function ( ) and the first product component ( ) is 
got: ( ) = ( ) ( ). (8)

(7) ( ) is then subtracted from the original signal ( ) resulting in a new signal ( ). So ( ) becomes the new data and the whole process is repeated  times until the residual ( ) ( ( ) = ( ) − ∑ ( ),  is the number of the product components) is a monotonic function 
or contains no more oscillations.  

After the original signal ( ) is decomposed by ICD method, multiple PCs can be obtained, 
which are listed from high frequency to low frequency. ICD has the advantages in alleviating the 
mode mixing problem and restraining the end effect compared with LMD. The flowchart of ICD 
is illustrated in Fig. 2. 

3. Multi-scale entropy and the proposed method 

3.1. Multi-scale entropy (MSE) 

Recognizing the gear states, it need extract feature from the fault signals. In order to overcome 
the disadvantages of sample entropy, MSE is developed to determine the complexity of time series 
for a series of scales [19]. MSE is illustrated in the following procedures: 

1) Given the one-dimensional discrete time series = , , … , , the coarse-grained time 
series ( ) can be constructed at a scale factor of  (  is a positive integer), according to Eq. (9): 
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( ) = 1 ( ) , 1 ≤ ≤ , 1 ≤ ≤ , (9)

where  is the scale factor. The coarse-grained time series at the scale of  is obtained through 
calculating the mean of the neighboring values (an example is shown in Fig. 3). Especially, when = 1, the coarse-grained time series is the original time series. 
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Fig. 2. A flowchart of ICD method 

2) Details of the SampEn algorithm can be found in the literature [17]. In this paper, the MSE 
of each coarse grained time series  is calculated with =  2 and =  0.15 , where  is 
embedding dimension,  is similar tolerance and σ denotes the standard deviation (SD) of the 
original time series. The SampEn of each coarse-grained time series is calculated and then plotted 
as the function of the scale factor  [16]. The procedure is the MSE analysis. 
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3.2. The proposed method for gear diagnosis 

The feature extraction method based on ICD and MSE is proposed in this paper, it can be 
described as follows: 

1) The vibration signals are sampled by acceleration sensors at a certain sampling frequency 
 under different working conditions. 

2) ICD is applied to decompose the vibration signals into a series of PCs. 
3) Select the main PC that contains the most significant information. 
4) MSE is used to calculate the selected PCs under different scales. 
5) The obtained fault features are fed into fault classifier SVM in order to identify the different 

working conditions. 
A flow chart of the proposed algorithm is presented in Fig. 4. 

1x 2x 3x 4x 5x 6x k-1x kx k+1x

1x 2x 3x 4x 5x 6x k-1x kx k+1x

2 

3 

 2 1y  2 2y  2 3y    2 1k 2 2k ky x x 

   2 1 1k+1 3 3k k ky x x x    3 1y  3 2y
 

Fig. 3. The scheme illustrating the coarse-graining of the original time series for = 2 and = 3 

 
Fig. 4. Flowchart of the proposed algorithm. 

4. Application 

In order to validate the superiorities of the proposed method, we conduct the analysis on a 
transmission gearbox. The experiment platform of gearbox is shown in Fig. 5. Two High 
Sensitivity Quartz ICP accelerometers are located on the base of floor stand. The speed of the 
motor is 1500 rpm, while the sample frequency is 10000 Hz and sampling time is 1 s. The 
parameters of gearbox are in Table.1. In this experiment, there are four working conditions: 
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normal, slight wearing, severe wearing and missing tooth. The fault severities of gearbox are 
shown in Fig. 6. 

Load

Gearbox Motor

Drive shaft Ⅰ

Drive shaft Ⅱ

 
Fig. 5. The experiment platform of gearbox 

 
a) Slight wearing

 
b) Severe wearing

 
c) Missing tooth 

Fig. 6. The fault severities of gears 

Table 1. Working parameters of the gears 
Gear Number of teeth Rotating frequency (Hz) Meshing frequency (Hz) 

Driving gear 55 25 1375 
Driven gear 75 18.33 1375 

The vibration signals in the experiment are divided into several non-overlapping segments 
with the length of 1000. There are 40 samples for each gear condition, so there are total 160 
samples, in which 80 samples will be randomly selected as the training data and the residual 80 
samples will be as the testing data. The detailed numbers of samples description for each gear 
condition are shown in Table 2. 

Table 2. The detailed description of numbers of the experimental data sets 
Fault class Fault diameter (mm) Number of training data Number of test data Class label 

Normal 0 20 20 1 
Slight wearing tooth 0.1 20 20 2 
Severe wearing tooth 0.5 20 20 3 

The missing tooth 0 20 20 4 

Fig. 7. gives the time domain vibration signals of gearbox in four working cases respectively, 
and then the ICD method is adopted to decompose the vibration signals into a sum of PCs. 
Figs. 8 11 gives the decomposition results of gearbox under four working conditions. Since the 
PCs with different oscillatory modes are listed from high frequency to low frequency and the fault 
information is mainly embedded in the high frequency, only the first product component is 
selected for further analysis in Figs. 8-11.  
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According to the steps in Section 3.2, after ICD method is used to get the PCs, multi-scale 
entropy of each first PC can be derived. The value range of scale factor is set = 1 to 12 and the 
MSE of each coarse grained time series  is calculated with = 2 and = 0.15 , where  
denotes the standard deviation (SD) of the original time series and ( ). The whole flowchart 
of the proposed feature extraction technique is shown in Fig. 12. 

 
Fig. 7. The vibration signals of gearbox in four conditions 

 
Fig. 8. The decomposition results of the normal vibration signal using ICDn 
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Fig. 9. The decomposition results of the slight wearing vibration signal using ICD 
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Fig. 10. The decomposition results of the severe wearing vibration signal using ICD 

 
Fig. 11. The decomposition results of the missing tooth vibration signal using ICD 

0.991 0.971 0.945 0.939 0.944 0.924 0.907 0.891 0.896 0.877 0.876 0.786
0.943 0.921 0.931 0.923 0.893 0.901 0.826 0.875 0.823 0.721 0.843 0.761
0.914 0.909 0.929 0.823 0.876 0.889 0.809 0.861 0.804 0.709 0.676 0.682
0.902 0.687 0.899 0.643 0.703 0.720 0.706 0.605 0.671 0.381 0.523 0.401

 
 
 
 
 
 

 
Fig. 12. The flowchart of this feature extraction method 
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Fig. 13 gives the MSE curves of ( ) under four different working conditions. Referring to 
the Fig. 13, it can be seen that it is easy to identify four working conditions from the multi-scale 
entropy curves of ( ). The main reason is that ( ) contains the highest frequency of the 
original signal and the feature of ( ) can reflect the feature of the original signal. Therefore, ( ) can be chosen to recognize different working states of gear. 

 
Fig. 13. MSE over 12 scales of the PC1 component obtained by ICD method 

To test the ability of the proposed technique in the real applications, 160 vibration signal 
samples are selected from four conditions (normal condition, slight wearing condition, medium 
wearing condition and severe wearing condition), and then the average and 3  (three times 
standard deviation) of eigenvalues are added. The MSE values of the first PCs in the four 
conditions are calculated in Table 3.  

To verify the better divisibility of the proposed method, Euclidean distance which has the 
advantages of effectively calculating the distance between two conditions is introduced. The 
bigger value is, the better divisibility between two conditions is [20]. For four conditions, after the 
Euclidean distance is calculated between any two conditions, the averaged Euclidean distances 
(AED) can be used to evaluate the divisibility of four conditions. 

The multiscale sample entropy of the first PCs and the AED are calculated for the above 
mentioned vibration signal samples from four conditions, and then the results are also shown in 
Table 3. We can observe not only the distribution of eigenvalues for ICD-MSE is wider than that 
of ICD-SE and MSE, but also 3  of eigenvalues for ICD-MSE is smaller than that of ICD-SE and 
MSE. The AED is bigger than two other methods, demonstrating that the proposed technique has 
the better divisibility of four conditions. 

Table 3. The results comparison among three feature extraction methods using AED 
Feature 

extraction 
method 

Normal 
condition 

Slight wearing 
condition 

Medium wearing 
condition 

Severe wearing 
condition AED 

ICD and MSE 0.9012±0.017 0.8247±0.043 0.6012±0.013 0.4458±0.025 0.2605±0.040 
ICD and SE 0.9089±0.032 0.9012±0.017 0.8052±0.057 0.6408±0.054 0.1500±0.048 

MSE 0.9241±0.058 0.8945±0.047 0.8542±0.057 0.8025±0.043 0.0675±0.052 

Take the extracted multiscale entropy vectors as the inputs of the chosen classifier-support 
vector machine (SVM). As mentioned above, 80 groups of data are selected randomly as training 
set to train the SVM-classifier and the remaining 80 groups of data are taken as testing set to test 
the trained SVM-classifier. Hence, the testing set are fed into the trained model to achieve the 
fault identification, and the output testing results are shown in Table 4. It can be found no samples 
of the four fault types are misclassified, and the training accuracy and testing accuracy are both 
100 %, which demonstrate the effectiveness of the proposed method in the gear fault diagnosis. 
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Table 4. The classification results of the SVM-classifier using MSE 

Fault 
class 

Class 
label 

The number 
of training 
samples 

The number of 
misclassified 

samples 

The number 
of testing 
samples 

The number of 
misclassified 

samples 

Training 
accuracies/testing 

accuracies (%) 
Normal 1 20 0 20 0 100/100 
Slight 

wearing 2 20 0 20 0 100/100 

Severe 
wearing 3 20 0 20 0 100/100 

Missing 
tooth 4 20 0 20 0 100/100 

In total  80 0 80 0 100/100 

In order to compare the recognition ability of the proposed method, the three other feature 
extraction methods are applied to extract fault features of measured vibration signal, which are 
LMD and MSE method, ICD and SampEn method, directly MSE method. Subsequently, the 
obtained features are fed into the SVM. The training data and testing data are the same as above. 
The obtained reorganization accuracy of the methods is listed in Table 5. Observing from the 
comparison results, it is easy to find that the proposed method not only has highest accuracy of 
each health condition but also has highest accuracy of total accuracy among others. This can be 
explained in this way. Firstly, ICD can avoid the mixing problem of LMD, which can obtain the 
more accuracy decomposition results. Hence, the proposed method outperforms the combination 
of LMD and MSE. Secondly, MSE can give detailed measure of complexity over a range of scales, 
which gives us more accuracy information compared with sample entropy, therefore, it 
outperforms the combination for ICD with sample entropy. Lastly, the fault information 
decomposed using ICD can remove the noises of measured signal effectively, but directly 
applying MSE cannot extract enough fault features with physical meanings, resulting in lower 
recognition accuracy. Therefore, the proposed method outperforms three other methods. 

Table 5. The recognition accuracy comparison between different methods 

Feature extraction method Accuracy of each fault class (%) Total accuracy (%) Normal Slight  Medium Severe 
The proposed method 100 % 100 % 100 % 100 % 100 % 
LMD and MSE 97.5 % 95.0 % 100 % 100 % 98.13 % 
ICD and SampEn 90.0 92.5 % 95 % 95 % 93.13 % 
MSE 87.5 % 77.5 % 85.0 % 80.0 % 82.5 % 

5. Conclusions 

This paper presents a feature extraction method based on ICD and MSE for gearbox. 
Considering the multi-component and non-stationary signals of gearbox, ICD is employed to 
decompose signals into a set of PCs, and then MSE is used to extract the feature vectors. Through 
calculating the multi-scale entropies of the PCs and taking them as the input vectors of SVM, the 
fault types are identified accurately. The successful applications to gearbox fault diagnosis 
demonstrate that the proposed method is suitable. The advantage of the proposed technique is 
verified by comparing the results extracted by three other methods. 

Acknowledgements 

The research is supported by National Natural Science Foundation of China (No. 11172078) 
and Important National Basic Research Program of China (973 Program-2012CB720003), and the 
authors are grateful to all the reviewers and the editor for their valuable comments. 



2147. A FEATURE EXTRACTION METHOD BASED ON ICD AND MSE FOR GEARBOX.  
YU WEI, MINQIANG XU, YONGBO LI, WENHU HUANG 

3606 © JVE INTERNATIONAL LTD. JOURNAL OF VIBROENGINEERING. SEP 2016, VOL. 18, ISSUE 6. ISSN 1392-8716  

References 

[1] Lee S. K., White P. R. Higher-order time-frequency analysis and its application to fault detection in 
rotating machinery. Mechanical Systems and Signal Processing, Vol. 11, Issue 4, 1997, p. 637-650. 

[2] Bordoloi D. J., Tiwari R. Optimum multi-fault classification of gears with integration of evolutionary 
and SVM algorithms. Mechanism and Machine Theory, Vol. 73, 2014, p. 49-60. 

[3] He Q., Liu Y., Kong F. Machine fault signature analysis by midpoint-based empirical mode 
decomposition. Measurement Science and Technology, Vol. 22, Issue 1, 2011, p. 015702. 

[4] Olhede S., Walden A. T. The Hilbert spectrum via wavelet projections. Proceedings of the Royal 
Society of London: Mathematical, Physical and Engineering Sciences. The Royal Society, Vol. 460, 
Issue 2044, 2004, p. 955-975. 

[5] Li Y., Xu M., Wei Y., et al. An improvement EMD method based on the optimized rational Hermite 
interpolation approach and its application to gear fault diagnosis. Measurement, Vol. 63, 2015, 
p. 330-345. 

[6] Huang N. E., Shen Z., Long S. R., et al. The empirical mode decomposition and the Hilbert spectrum 
for nonlinear and non-stationary time series analysis. Proceedings of the Royal Society of London: 
Mathematical, Physical and Engineering Sciences, The Royal Society, Vol. 454, Issue 1971, 1998, 
p. 903-995. 

[7] Huang N. E., Wu Z. A review on Hilbert-Huang transform: method and its applications to geophysical 
studies. Reviews of Geophysics, Vol. 46, Issue 2, 2008, p. 000228. 

[8] Rilling G., Flandrin P., Goncalves P. On empirical mode decomposition and its algorithm. IEEE 
EURASIP Workshop on Nonlinear Signal and Image Processing, Vol. 3, 2003, p. 8-11. 

[9] Cheng J., Zhang K., Yang Y. An order tracking technique for the gear fault diagnosis using local 
mean decomposition method. Mechanism and Machine Theory, Vol. 55, 2012, p. 67-76. 

[10] Wang Y., He Z., Xiang J., et al. Application of local mean decomposition to the surveillance and 
diagnostics of low-speed helical gearbox. Mechanism and Machine Theory, Vol. 47, 2012, p. 62-73. 

[11] 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. 

[12] Frei M. G., Osorio I. Intrinsic time-scale decomposition: time-frequency-energy analysis and 
real-time filtering of non-stationary signals. Proceedings of the Royal Society of London: 
Mathematical, Physical and Engineering Sciences, The Royal Society, Vol. 463, Issue 2078, 2007, 
p. 321-342. 

[13] Li Y., Xu M., Wei Y., et al. Rotating machine fault diagnosis based on intrinsic characteristic-scale 
decomposition. Mechanism and Machine Theory, Vol. 94, 2015, p. 9-27. 

[14] Richman J. S., Moorman J. R. Physiological time-series analysis using approximate entropy and 
sample entropy. American Journal of Physiology-Heart and Circulatory Physiology, Vol. 278, 2000, 
p. 2039-2049. 

[15] Costa M., Goldberger A., Peng C. Multi-scale entropy analysis of biological systems. Physical 
Review Letters, Vol. 71, 2005, p. 1-18. 

[16] Costa M., Goldberger A., Peng C. Multiscale entropy analysis of complex physiologic time series. 
Physical Review Letters, Vol. 89, Issue 6, 2002, p. 68102. 

[17] Pan Y. H., Wang C., Lin W. Y., et al. Online condition-based shaft faults diagnosis with multiscale 
entropy. Proceedings of the Institution of Mechanical Engineers, Part B: Journal of Engineering 
Manufacture, Vol. 225, 2011, p. 1899-1911. 

[18] Kopsinis Y., McLaughlin S. Investigation and performance enhancement of the empirical mode 
decomposition method based on a heuristic search optimization approach. IEEE Signal Process, 
Vol. 56, Issue 1, 2008, p. 22-37. 

[19] Zhang L., Xiong G., Liu H., et al. Bearing fault diagnosis using multi-scale entropy and adaptive 
neuro-fuzzy inference. Expert Systems with Applications, Vol. 37, Issue 8, 2010, p. 6077-6085. 

[20] Zhao H., Wang J., Xing J., et al. A feature extraction method based on LMD and MSE and its 
application for fault diagnosis of reciprocating compressor. Journal of Vibroengineering, Vol. 17, 
Issue 7, 2015, p. 3515-3526. 



2147. A FEATURE EXTRACTION METHOD BASED ON ICD AND MSE FOR GEARBOX.  
YU WEI, MINQIANG XU, YONGBO LI, WENHU HUANG 

 © JVE INTERNATIONAL LTD. JOURNAL OF VIBROENGINEERING. SEP 2016, VOL. 18, ISSUE 6. ISSN 1392-8716 3607 

 

Yu Wei received the Master’s degree in Harbin Engineering University (HRBEU), Harbin, 
China, in 2013. Now he is a Ph.D. student in Department of Astronautical Science and 
Mechanics, Harbin Institute of Technology (HIT), Harbin, China. Her research interests 
include signal processing, fault diagnosis, fault feature extraction and pattern 
identification. 

 

Minqiang Xu graduated in Electronics, The Peking University, Beijing, China, in 1983, 
his Master’s degree in Nuclear Physics from Northeast Normal University, China, in 1989, 
and his Ph.D. degrees in general mechanics from the Harbin Institute of Technology (HIT), 
Harbin, China, in 1999. He is a Professor in Department of Astronautical Science and 
Mechanics, Harbin Institute of Technology. His research interests include dynamics 
control, signal processing, fault diagnosis and spacecraft fault diagnosis. 

 

Yongbo Li received the Master’s degree in Harbin Engineering University (HRBEU), 
Harbin, China, in 2012. Now he is a Ph.D. student in Department of Astronautical Science 
and Mechanics, Harbin Institute of Technology (HIT), Harbin, China. His research 
interests include signal processing, fault diagnosis, fault feature extraction and pattern 
identification. 

 

Wenhu Huang received the B.S. degree from Zhejiang University, China, in 1949, and 
his Master’s degree in general mechanics from the Harbin Institute of Technology (HIT), 
Harbin, China, in 1953. Presently he is academician of the Engineering Academy in 1995. 
He is particularly interested in the design of the vibration in complex mechanisms and the 
vibration control. 

 



<<
  /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 /UseDeviceIndependentColor
  /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


