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ABSTRACT 
The high Peak to Average Power Ratio (PAPR) is a serious drawback of the Orthogonal Frequency Division Multiplex (OFDM). 

In this paper, the advantages of two different approaches to PAPR reduction are exploited in order to reduce the PAPR more 
significantly. The first approach is based on clipping and provides a high PAPR reduction at the cost of signal distortion. The second 
approach (selective mapping) results in no distortion, but it suffers from higher complexity. Two cases of simulation setup have been 
chosen for the evaluation – one with a lower number of subcarriers (Wimax-like signal), the other signal is similar to the future 
DVB-T2 32K mode. The performance of the combined method is evaluated on the PAPR distribution function and on the Bit Error 
Rate as a function of both Signal to Noise Ratio ( Additive Gaussian Noise Channel) and Input Back Off (Saleh model of nonlinear 
power amplifier). 
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1. INTRODUCTION 

The Orthogonal Frequency Division Multiplex 
(OFDM) is a multicarrier technique with the orthogonality 
of individual subcarriers [1]. The use of the multicarrier 
transmission allows extending the symbol time interval by 
splitting the input bit stream into N parallel substreams. 
As a result of symbol time extension and orthogonality, 
the OFDM signal is less influenced by multipath 
propagation, and high spectral efficiency is obtained.  

The main drawback of OFDM as well as of most 
multicarrier techniques is the high maximum to mean 
signal power ratio – Peak to Average Power Ratio (PAPR) 
[1]: 
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where the numerator and the denominator express the 
peak and the mean signal power, respectively. The PAPR 
of signal s(t) is measured in the time interval τ (usually 
symbol interval). 

Many methods for PAPR reduction have been 
proposed. They can be generally classified into two main 
groups. The methods from the first group do not induce 
signal distortions, which is their main advantage. A 
significant PAPR reduction can be obtained but at the cost 
of increased computational complexity. Moreover, the 
PAPR reduction often does not grow linearly with the 
complexity, as will be demonstrated later. The typical 
representatives from this group of methods are the Tone 
Reservation [1], Selective mapping [2] or Partial Transmit 
Sequences [3]. One of the important research foci in this 
domain is the complexity reduction [4]. 

 The use of the methods from the second group results 
in OFDM signal distortion. They are often based on the 
clipping principle and their application is usually less 
complex. In order to suppress the negative effects of 
clipping (out-of-band emissions, BER increase), filtering 

can be used [5,6,7,8,9]. An alternative approach is the use 
of windowing [10] instead of hard clipping. 

In this paper the advantages of both different 
approaches to PAPR reduction are exploited in order to 
reduce the PAPR more significantly. The paper is 
structured as follows. Part 2 briefly presents the methods 
used in the combination, and the signals used for the 
evaluation are introduced. The individual methods are 
further reviewed in part 3. Part 4 summarizes the results in 
terms of Complementary Cumulative Distribution 
Functions (CCDF) and Bit Error Rate (BER) as a function 
of Signal to Noise Ratio (SNR) and Input Back Off (IBO). 
The proposed combination results in a lower PAPR than 
in the case of any method from the individual methods 
used. In the critical low IBO region, the BER is only 
slightly degraded, but still lower than in the case of 
original signal. 

2. SELECTED METHODS AND SIGNAL TYPES 

In this paper, three methods and their suitable 
combinations have been considered. The first is the Partial 
Transmit Sequences (PTS) [3,4] method belonging to the 
family of distortionless methods. The second method, 
based on Interleaving [2] belongs to the same family. 
More specifically, both these methods fall into the 
subgroup of SeLective Mapping methods (SLM). The 
third, and the last particular method, hereinafter referred 
to as the Simplified Clipping and Filtering with Bounded 
Distortion (SCAFBD) [7] allows a limited signal 
degradation and thus represents the family of methods 
with distortions. The methods from the two above 
mentioned groups are suitable for the combination. The 
aim is to obtain a signal with lower PAPR than in the case 
of single SLM and with lower nonlinear distortions than in 
the case of the single SCAFBD method.  

The new combined method is a concatenation of two 
from the above-mentioned methods. The signal is first 
processed by one of the distortionless methods. The signal 
at the output of the first method has a lower PAPR and is
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not distorted. In order to further reduce the PAPR, the 
signal is then processed using the second PAPR reduction 
method. Therefore two combinations have been proposed 
and evaluated – one using the PTS and SCAFBD 
methods, the other with Interleaving followed by the 
SCAFBD method. 

All the above-mentioned standalone methods as well 
as their combinations were evaluated on the OFDM 
signals with the following parameters:  

Table 1  OFDM signals used for the evaluation 

 No. of carriers FFT length 
Wimax-like signal 200 256 

DVB-T2-like signal 27840 32768 
 
These signals have been chosen to approximate the 

Wimax and the new DVB-T2 standard signals as these 
two standards represent the opposite cases with respect to 
the number of subcarriers. In Wimax, only 200 subcarriers 
are used, whereas the 32K mode with 27840 active 
subcarriers is proposed in the new DVB-T2 standard. For 
the sake of simplicity, the special pilot symbols are not 
simulated.  

The resulting PAPR reduction is the main criterion for 
the evaluation. The other reported results are the Bit Error 
Rate (BER) as a function of both the received Signal to 
Noise Ratio (SNR) and the input back off (IBO) for Saleh 
nonlinear power amplifier (PA) model [11].  

3. DETAILED DESCRIPTION OF METHODS 

In the following text, the principles of methods for 
OFDM signal PAPR reduction will be briefly described.  

3.1. Partial Transmit Sequences 

The Partial Transmit Sequences [4] is the 
distortionless method for the PAPR reduction. A simple 
block scheme of this method is shown in Fig. 1. The input 
data are mapped according to the chosen constellation 
(16-QAM in the present case) and split into consecutive 
OFDM symbols. Each OFDM symbol is then partitioned 
into M distinct subblocks, each of them completed with 
zeros to the original symbol length. Subsequently the Zero 
Padding (ZP) and the Inverse Fast Fourier Transform 
(IFFT) are performed on each subblock. After the IFFT, 
subblock outputs are multiplied by the vector of the so-
called complex rotation factors. The resulting OFDM 
symbol is calculated as a sum of all multiplied subblock 
outputs. The rotation factors are generated in the rotation 
factor generator block and their resulting vector is 
optimized in order to reduce the PAPR. In our 
implementation, the possible values of complex rotation 
factors were limited to either +1 or -1 only in order to 
limit the search space for the optimization. For M 
subblocks, all 2M possible combinations of symbols 1 and 
-1 were tested for each OFDM symbol.  

The information about the rotation factors used for the 
multiplication in each OFDM symbol is necessary at the 
receiver for correct decoding. This information is called 
Side Information (SI). Throughout this paper, the 

transmission of the SI is not considered, and the SI is 
expected to be perfectly known at the receiver. In the 
practical situation, the SI can be transmitted either through 
a special channel or by specified subcarriers excluded 
from data transmission.  

 

Fig. 1  PTS block scheme 

3.2. Selective Mapping through interleaving 

The Interleaving method [2] is based on the creation of 
multiple OFDM signals by the bit interleaving of an input 
sequence. One of the simplest ways to perform 
interleaving is the use of matrix interleaver – data are 
written by lines and read by columns from the same 
matrix. The block scheme of the Interleaving method for 
PAPR reduction is shown in Fig. 2. 

 
Fig. 2  Interleaving block scheme 

The PAPR reduction algorithm uses W paths, each of 
them using a different interleaving matrix. After each 
interleaver, data mapping according to the selected 
constellation (throughout this paper 16QAM) is 
performed. After the IFFT operation on all signal 
alternatives, the resulting PAPR values are compared. 
Similarly to the PTS, the path with the lowest PAPR from 
all W signal realizations is chosen for transmission. Note 
that similar to the PTS, the Zero Padding (ZP) is 
performed in order to approximate the continuous-time 
PAPR. 
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The same as in the PTS method, the side information 
indicating the interleaver index resulting in the lowest 
PAPR has to be sent through the radio channel. As in the 
previous case, the perfect knowledge of the SI at the 
receiver will be assumed below.  

3.3. Simplified Clipping and Filtering with Bounded 
Distortion  

Simplified Clipping and Filtering with Bounded 
Distortion (SCAFBD) [6] is a method based on clipping – 
limiting the time domain signal magnitude. The clipped 
signal sc(t) can be expressed by the following relationship: 
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where A is the clipping level, and φ(t) is the phase of input 
signal s(t).  
Although it results in PAPR reduction, clipping also 
introduces signal distortions resulting in emissions in 
adjacent channels and in increased bit error rate. This 
undesirable effect can be suppressed by lowpass filtering 
of clipped signal, which results in a new growth of the 
PAPR. 

Armstrong [5] proposed a method based on K-times 
repetition of the clipping and frequency domain filtering 
process (repeated clipping and filtering method). The 
successive repetition of clipping and filtering produces 
signals with reduced PAPR, while the out-of-band 
distortions are completely eliminated. Note that the PAPR 
reduction is far from that obtained by mere clipping. The 
main drawback of the repeated clipping and filtering 
method is its high complexity. For each frequency domain 
filtering operation, two FFT calculations are necessary. 

A method named simplified clipping and filtering [6] 
offers almost the same PAPR reduction as the repeated 
clipping and filtering method, but with significantly 
reduced complexity. Only 3 FFT’s are required for the 
PAPR reduction equivalent to the iterative (repeated 
clipping and filtering) method irrespective of K. 

In order to limit the BER as well, the constellation 
distortion can be bounded as has been proposed in [7]. A 
block scheme of the SCAFBD method is shown in Fig. 3. 
During the SCAFBD method implementation, the input 
signal is first clipped to level A. The time-domain error 
signal is computed as the difference between the original 
signal and the clipped signal. This error signal is 
transformed into the frequency domain and multiplied by 
the constant β, corresponding to the chosen number of 
clipping and filtering processes. According to [6], the 
constant β is calculated as: 
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where K is the number of equivalent repetitions of the 
iterative repeated clipping and filtering method, and A is 
the clipping level. According to the central limit theorem, 
the real part of OFDM signal s(t) has normal distribution 
with variance σ. 

 

Fig. 3  SCAFBD block scheme 

After multiplication by constant β, the frequency 
domain signal is passed through the block ensuring the in-
band bounded distortion (BD). The real and the imaginary 
parts of the error signal are limited separately to a 
predefined constant D, regardless of the symbols sent on 
the particular subcarriers. Other possible approaches to 
distortion limitation are described in [7,8].  

The bounded error signal is finally subtracted from the 
original signal (both still in the frequency domain). The 
result is then transformed into the time domain using the 
IFFT. 

3.4. Combined SLM-SCAFBD method  

In the proposed combined method, the PAPR of input 
OFDM signal is first reduced using one of the SLM 
methods (PTS or the method using the interleaving). The 
number of signal alternatives generated through the PTS 
or the interleaving used for the PAPR reduction is limited 
in order to limit the complexity. This is also motivated by 
the fact that the PAPR reduction often does not grow 
linearly with the increased number of alternatives. This is 
illustrated in Fig. 4 for the case of interleaving-based SLM 
applied to an Wimax-like OFDM signal.  

The resulting signal after SLM is then fed to the input 
of the SCAFBD block, which further reduces the PAPR, 
at the cost of slight signal distortions (controlled by the 
SCAFBD parameters). 

4. RESULTS 

During the simulations, the OFDM signals similar to 
Wimax and DVB-T2 standards have been used. The 
numbers of subcarriers and FFT lengths used are specified 
in Table 1. In order to approximate the continuous time 
PAPR [1], oversampling via zero padding has been 
performed. The 2-times oversampled signals were then 
normalized to the mean level 0dB.  

For the interleaving-based method, W=8 paths have 
been used as a compromise between the PAPR reduction 
and the complexity. Equivalently, the PTS method with
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M=8 subblocks has been simulated. These two parameters 
were chosen with respect to the similar modulator 
complexity requirement. 

 

 

Fig. 4  PAPR CCDF as a function of W in interleaving-based 
SLM 

For the SCAFBD method, the clipping levels A=6dB 
and A=7dB have been used for Wimax-like and DVB-T2-
like signals, respectively, with respect to different PAPR 
distribution of both signals. For both types of signal, the 
constant β equivalent to 3-times repeated clipping and 
filtering process has been used. The distortion bound has 
been set to a level resulting in approximately the same 
BER for the case of both the signals used during the 
evaluation. 

The simulation results are presented in Figures 5-10. 
The results for the original signals will be in the following 
represented by dash-dotted lines, the results for the 
standalone selective mapping methods by solid lines, the 
results for the standalone SCAFBD by dashed and the 
results for the combined methods by dotted lines. 

In Figures 5 and 6 the Complementary Cumulative 
Distribution Functions (CCDF) of PAPR for the Wimax-
like and DVB-T2-like signals are plotted. 

 

Fig. 5  CCDF functions of PAPR for Wimax-like signals 

The best PAPR reduction is obtained with [the]>a 
combination of the PTS and SCAFBD methods. 
Comparing these two figures, it is possible to observe a 
different behavior of the proposed methods towards 
signals with a different number of subcarriers. Moreover, 
it is possible to compare the PAPR reduction performance 

of different methods, especially for high PAPR 
probabilities. Among all the methods, the SCAFBD 
method has the most significant influence on PAPR 
reduction in this region. For signals with a higher number 
of subcarriers, the use of SCAFBD method outperforms 
the PAPR reduction provided by the methods based on the 
SLM approach. 

 

Fig. 6  CCDF functions of PAPR for DVB-T2-like signals 

The BER’s as a function of the SNR’s in the Additive 
White Gaussian Noise (AWGN) channel are shown in 
Figures 7 and 8 for the two input signals tested. These 
results are simulated without any nonlinear power 
amplifier. 

 

Fig. 7  BER as a function of SNR for Wimax-like signals 

The use of the SCAFBD method results in higher bit 
error rates as a consequence of the nonlinear distortion 
caused by the clipping operation. The combinations of 
SCAFBD with both the PTS and the Interleaving method 
can improve the bit error rate, but this effect is noticeable 
only for signals with a lower number of subcarriers. The 
BER curves for the cases of PAPR reduction methods 
without distortion are almost the same; in some cases they 
are identical. A minor difference between theses curves in 
the lower BER region is only a statistical error related to 
the finite length of the simulated signal. For the case of a 
high number of subcarriers, similar to DVB-T2 32k mode, 
the BER improvement due to the combination is almost 
absent. The importance of the proposed combination is not 
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visible from these figures, nevertheless it will be evident 
on the BER curves in the presence of nonlinearity in the 
channel. As will be further demonstrated, a worse BER 
performance without nonlinearity does not mean a worse 
BER performance in the nonlinear channel. 

 

Fig. 8  BER as a function of SNR for DVB-T2-like signals 

The last two simulation outputs (Figures 9 and 10) 
demonstrate the BER performance in the presence of a 
nonlinear power amplifier (Saleh model) and additive 
Gaussian noise with the SNR=15dB. The operating point 
of the power amplifier is commonly defined by the Input 
Back Off (IBO) parameter. The IBO [11] is defined as the 
ratio of the PA’s input saturation power Pmax,in to the input 
signal average power expressed by the variance of OFDM 
signal σx
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Fig. 9  BER as a function of IBO for Wimax-like signals 
 

As a consequence of the nonlinear distortions 
introduced by the PA nonlinearity, the BER increases as 
the signal average power approaches saturation (lower 
IBO values). Note that from the PA efficiency point of 
view, it is desirable to operate the PA in the region of low 
IBO. In this region, for the case of a lower number of 

subcarriers, all methods (except standalone SCAFBD) 
result in improved BER performance compared to the 
original signal. The BER for the signal processed by the 
SCAFBD method is only slightly degraded. On the 
contrary, the application of PAPR reduction to signals 
with a high number of subcarriers does not improve the 
BER significantly. Although in this case the BER of all 
the combined methods is degraded, the reduced PAPR is 
still advantageous due to the reduced dynamic range of 
analog/digital converters. 

 

Fig. 10  BER as a function of IBO for DVB-T2-like signals 

5. CONCLUSIONS 

In this paper, a combination of PAPR reduction 
methods based on an advanced form of the clipping 
method and two different selective mapping methods is 
presented.  

The performance of the proposed methods is evaluated 
by simulation on two OFDM signals differing in the 
number of data subcarriers. In the case of a lower number 
of subcarriers, the PAPR reduction provides good results 
in terms of both PAPR reduction and BER improvement 
in the nonlinear channel.  

For the signal with a very high number of subcarriers, 
the PAPR reduction is also evident but is not manifested 
by any BER improvement. An advantage of the reduced 
PAPR is thus only a reduced required dynamic range of 
analog/digital converters. 

ACKNOWLEDGMENTS 

Research described in the paper was supported by the 
grants of GACR (Czech Science Foundation) No. 
102/08/H027, 102/09/0776 and by the research project 
MSM 021630513. 

REFERENCES 

[1] TELLADO, J.: Multicarrier Modulation with Low 
PAR Applications to DSL and Wireless, Kluver 
Academic Publishers, 2000. 

[2] OCHIAI, H., IMAI, H.: Performance of the 
Deliberate Clipping with Adaptive Symbol Selection 



Acta Electrotechnica et Informatica, Vol. 9, No. 4, 2009 29 

ISSN 1335-8243 © 2009 FEI TUKE 

for Strictly Band-Limited OFDM Systems, IEEE 
Journal on Selected Areas in Communications, Vol. 
18, No. 11, pp. 2270-2277, November 2000. 

[3] BAXLEY, R. J., ZHOU, G.T, Comparison of 
Selected Mapping and Partial Transmit Sequence for 
Crest Factor Reduction in OFDM, In Proc. of 
Military Communications Conference MILCOM 
2006, p. 1-4, October 2006 

[4] HAN, S., PAPR Reduction of OFDM Signals Using 
a Reduced Complexity PTS Technique, IEEE 
Transactions on Broadcasting, Vol. 49, No. 3, pp. 
258-268, September 2003. 

[5] ARMSTRONG, J.: Peak-to-average power reduction 
for OFDM by repeated clipping and frequency 
domain filtering, Electronics Letters, Vol. 38, No. 5, 
pp. 246-247, 28th February 2002.  

[6] WANG, L., TELLAMBURA, Ch.: A Simplified 
Clipping and Filtering Technique for PAR Reduction 
in OFDM Systems, IEEE Signal Processing Letters, 
Vol. 12, No. 5, June 2005.  

[7] URBAN, J., MARSALEK, R.: OFDM PAPR 
reduction by simplified clipping and filtering with 
bounded distortion. In Proc. of the Sixteenth 
International Electrotechnical and Computer 
Science Conference ERK 2007, pp. 128-131, 
November 2007. 

[8] DENG, S.-K., LIN, M.-CH. Recursive Clipping and 
Filtering With Bounded Distortion for PAPR 
Reduction. IEEE Transactions on communications. 
2007, vol. 55, no. 1. 

[9] KRONGOLD, B. S., JONES, D. L.: PAR Reduction 
in OFDM via Active Constellation Extension, IEEE 
Transactions on Broadcasting, Vol. 49, No. 3, p. 
258-268, September 2003. 

[10] DAN, L., LI, T., XIAO, Y, LI, S. Performance of 
peak cancellation for PAPR reduction in OFDM 
system, In Proc. of International conference on 
Communications, Circuits and Systems ICCCAS 
2008, p. 283 - 287, May 2008. 

[11] KENINGTON, P. B.: High Linearity RF Amplifier 
Design, Artech House Publisher, October 2000. 

  
Received December 17, 2008, accepted August 30, 2009 

BIOGRAPHIES 

Josef Urban was born in Brno, Czech Republic, in 1981. 
He is a Ph.D. student at the Faculty of Electrical 
Engineering and Comunications, Brno University of 
Technology since 2006. His current focus is PAPR 
reduction in multicarrier systems. 

Roman Marsalek was born in Brno, Czech Republic in 
1976. He graduated at Brno University of Technology in 
1999 and received the Ph.D. equivalent degree (Docteur) 
in 2003 from Université de Marne la Vallée, France. He is 
currently assistant professor at Institute of Radio 
Electronics, Brno University of Technology. His research 
interests are in wireless communications theory and 
applied digital signal processing. 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 false
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


