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Abstract: This paper proposes a novel voice conversion method by frequency warping. The frequency warp-

ing function is generated based on mapping formants of the source speaker and the target speaker. In addi-

tion to frequency warping, fundamental frequency adjustment, spectral envelope equalization, breathiness 

addition, and duration modification are also used to improve the similarity to the target speaker. The pro-

posed voice conversion method needs only a very small amount of training data for generating the warping 

function, thereby greatly facilitating its application. Systems based on the proposed method were used for 

the 2007 TC-STAR intra-lingual voice conversion evaluation for English and Spanish and a cross-lingual 

voice conversion evaluation for Spanish. The evaluation results show that the proposed method can achieve 

a much better quality of converted speech than other methods as well as a good balance between quality 

and similarity. The IBM1 system was ranked No. 1 for English evaluation and No. 2 for Spanish evaluation. 

Evaluation results also show that the proposed method is a convenient and competitive method for cross-

lingual voice conversion tasks. 
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Introduction 

Voice conversion involves conversion of a source 
speaker’s voice to make it sound like a target speaker’s 
voice. There are many applications for voice conver-
sion. An important application is in the construction of 
customized text-to-speech (TTS) system for different 
companies, in which systems using each company’s 
favorite voice can be created quickly and inexpen-
sively by modifying the original speaker speech corpus. 
Voice conversion can also generate voices of special 
characters in the movie industry or for preserving the 
speaker’s identity in speech-to-speech translation. 
There are always two criteria for evaluating the per-
formance  of  voice  conversion: the speech quality and  
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similarity to the target speaker. Even with state of the 
art voice conversion technology, there is always a 
tradeoff between quality and similarity. A mean com-
bined quality score and similarity score is used by re-
cent worldwide evaluations, where a high mean score 
means a higher overall system performance.  

Spectral conversion is the key component in a voice 
conversion system. The most popular two spectral 
conversion methods are based on codebook map-
ping[1,2] and the Gaussian mixture model[3,4]. However, 
though both methods have been improved recently, the 
quality degradation introduced is still severe[5,6]. In 
comparison, another spectral conversion method, 
namely frequency warping, introduces less quality de-
gradation[7-9] and is chosen for our spectral conversion. 
We propose a novel method of generating a frequency 
warping function by mapping formant parameters of 
the source speaker and the target speaker[10]. Alignment 
and selection processes are added to ensure that the     
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selected mapping formants can represent different 
speakers well. This approach requires only a very 
small amount of training data for generating the warp-
ing function, thereby greatly facilitating its application.  

1  Voice Conversion System Overview 

The diagram of our voice conversion system is shown 
in Fig. 1.  

Fig. 1  Diagram of voice conversion system

We use the analysis/reconstruction technique pro-
posed by Chazan et al.[11] to get an enhanced complex 
envelope model and pitch contour. The technique al-
lows both amplitude and phase manipulations, such as 
F0 modification, frequency warping, and spectral   
smoothing.  

Here, we use frequency warping to stretch/compress 
the spectrum envelope along the frequency axis. Mean-
while, we use F0 adjustment to transform the average 
and variance values of log F0 of the source speaker to 
those of the target speaker. The warped spectrum enve-
lope is then re-sampled in multiplies of converted F0 to 
yield a new complex line spectrum. After this, we ap-
ply a filter to the spectrum to compensate for the dif-
ferent energy distribution along the frequency axis. We 
can also add breathiness by adding random numbers to 
the phase of the complex line spectrum if needed. Fi-
nally, the converted speech can be reconstructed from 
the line spectrum sequence. Duration modification can 
be achieved by repeating or deleting some frames of 
line spectrum during the reconstruction.  

2  Frequency Warping Method 

We propose here a novel method to generate a fre-
quency warping function based on mapping formant 
parameters of selected aligned frames. Alignment and 
selection processes are added to ensure that the se-
lected mapping formants can represent differences be-
tween speakers well. First, we align the source speech 
data and target speech data to ensure that they are in 
similar context. Next, we make a selection from the 
aligned frames. The selection can be made by combin-
ing experimental rules and statistical analysis. For the 
experimental rules, some phonemes such as “e” in 
English, and some contexts such as “plosive” as 
neighboring phonemes are preferred because they are 
found experimentally to be more stable. For the statis-
tical analysis, segments with stable formants are pre-
ferred. The predefined maximal variation ranges for 
the first three formant frequencies are set to 30 Hz, 
50 Hz, and 100 Hz, and the minimum length of the 
stable segment is set to 40 ms.  

The formants of the selected aligned frames are then 
used as the key positions to generate the frequency 
warping function. For example, we get one pair from 
mapping the first four formant frequencies [690, 2290, 
3080, 4450] of the source speaker and [560, 2180, 
2750, 4040] of the target speaker. The warping func-
tion from the target frequency axis to the source fre-
quency axis for a maximum frequency for both speaker 
of 8000 Hz is shown in Fig. 2. 

Fig. 2  Frequency warping function generation 

Finally, we use the generated frequency warping 
function to perform frequency warping of the spectrum. 
Suppose that one frame of the source speaker spectrum 
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is ( )S w  and that the frequency warping function from 
the target frequency axis to the source frequency axis 
is ( )F w . The converted spectrum Conv( )w  is then 
given by 

Conv( ) ( ( ))w S F w            (1) 
The same frequency warping function is applied for 

all frames. This strategy can avoid discontinuity prob-
lems in applying different warping functions to differ-
ent frames. This strategy also does not require the 
alignment information of input speech data, which 
makes it applicable for various usage scenarios.  

3  TC-STAR Voice Conversion 
Evaluation  

The TC-STAR project, financed by the European Com-
mission within the Sixth Program, is envisaged as a 
long-term effort to advance research in all core tech-
nologies for speech-to-speech translation (SST). SST 
technology is a combination of automatic speech rec-
ognition (ASR), spoken language translation (SLT), 
and TTS (speech synthesis). The objectives of TC-
STAR project are ambitious: namely to make a break-
through in SST that significantly reduces the gap be-
tween human and machine translation performance. 

Since the TC-STAR project aims at translating 
speech from one language to another, it is important to 
assess how “close” the translated voice is to the origi-
nal voice. Voice conversion evaluation is therefore one 
of a series of evaluations hosted by the TC-STAR  
project.  

3.1  Evaluation data  

In 2007, the TC-STAR project hosted a voice conver-
sion evaluation for English and Spanish. The training 
data are taken from 4 speakers noted as 75(F), 76(F), 
79(M), and 80(M), where (F) denotes a female speaker 
and (M) denotes a male speaker. In total 126 sentences 
are provided as training data for English, while 154 
sentences are provided for Spanish. However, for the 
selection of mapping formants and calculation of the 
F0 coefficients, only the first 30 training sentences of 
each speaker are used. 
3.1.1  Selected mapping formants  
We select formants in the middle of the phoneme “e:” 
in the syllable “Heard” of the No. 22 training sentence 
as mapping formants (Table 1). The first 4 formants are 

denoted as F1, F2, F3, and F4.  

Table 1  Mapping formants of 4 speakers

Speaker F1 F2 F3 F4 
75(F) 717 1762 3031 4162 
76(F) 727 1617 2970 4073 
79(M) 585 1617 2533 3651 
80(M) 593 1464 2530 3767 

3.1.2  Other conversion settings 
A fundamental-frequency adjustment and a spectral-
envelope equalization are applied for each conversion. 
We add breathiness in the conversion from 75(F) to 
76(F). Duration modification is applied for some con-
versions. Table 2 gives the duration modification ratios 
for each conversion.  

Table 2  Duration modification ratios 

Source/target Duration modification ratio 
75(F)/76(F) 1.05 
75(F)/79(M) 1.00 
80(M)/76(F) 0.90 
80(M)/79(M) 1.00 

3.2  Evaluation criteria 

3.2.1  TC-STAR similarity evaluation (VC1) 
In this evaluation, listeners are asked to rate if a given 
voice pair comes or not from the same person accord-
ing to following scale: (5) definitely identical, (4) 
probably identical, (3) not sure, (2) probably different, 
and (1) definitely different. The arithmetic mean of all 
subjects’ individual scores of all subjects is used as the 
evaluation result. 
3.2.2  TC-STAR quality evaluation (VC2) 
In this evaluation, listeners are asked to assess certain 
sentences according to the following scale: (1) bad, (2) 
poor, (3) fair, (4) good, and (5) excellent. The mean 
opinion score (MOS) is the arithmetic mean of all the 
scores from each individual.  

3.3  Subjective test settings 

Subjective tests were carried out via the web. Access to 
a high-speed/ADSL internet connection and good lis-
tening material were required. A total number of 20 
judges were recruited and paid to perform the subjec-
tive tests. The judges were aged 18 to 40 years old and 
were native English speakers with no known hearing 
problems. None were speech synthesis experts. 
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4  Results and Discussions 

We submitted two systems for evaluation, noted in the 
following as IBM1 and IBM2. Both are based on our 
proposed frequency warping method. However, IBM2 
combines other conversion method and utilizes all 
training data to improve similarity to target speaker.  

4.1  English evaluation result 

The IBM1 and IBM2 systems were evaluated together 
with another 5 systems submitted by Nokia, Siemans, 
and UPC. The natural speech of a source speaker and a 
target speaker is also evaluated as a reference.  

The global voice conversion scores (Table 3) show 
that the IBM1 system achieves a much higher quality 
score than all the other systems and also yields the 
highest mean score of similarity and quality. Compared 
to IBM1, the IBM2 system results in a better similarity 
score. However, IBM2 also produces more quality  
degradation. 

To better understand the differences between the 
IBM1 and IBM2 systems, the similarity scores for each 

conversion are examined separately (Table 4). The 
IBM2 system gives much better similarity scores than 
IBM1 for 3 conversions. In fact, IBM2 gets the highest 
similarity score for the conversion 75(F) to 76(F) and 
for the conversion 80(M) to 76(F). However, IBM2 
gives a worse similarity score for the conversion 80(M) 
to 79(M). The target speaker 79(M) is in fact younger 
than the source speaker 80(M). However, the more se-
vere degradation in IBM2 makes the converted speech 
sound coarser and more elderly than the target speaker. 
IBM2 thus has great potential to get high mean scores 
if the quality can be further improved. 

Table 3  Global voice conversion scores for English 

Global VC score for English 
System 

Similarity Quality Mean
Rank

IBM1 2.32 3.63 2.98 1 
IBM2 2.76 2.71 2.73 2 
System3 2.17 1.45 1.81 7 
System4 1.75 3.11 2.43 5 
System5 2.44 2.63 2.54 4 
System6 2.81 2.00 2.40 6 
System7 2.88 2.50 2.69 3 

Table 4  Separate similarity scores for English 

Conversion
75(F) to 76(F) 

Conversion
75(F) to 79(M) 

Conversion
80(M) to 76(F) 

Conversion
80(M) to 79(M) 

Conversion
system 

Score Rank Score Rank Score Rank Score Rank 
IBM1 2.10 5 2.56 6 1.92 6 2.71 3 
IBM2 3.20 2 3.00 4 2.57 2 2.25 7 
System3 2.67 3 2.50 7 1.60 7 1.89 8 
System4 1.64 9 1.50 8 1.44 8 2.40 5 
System5 2.00 7 2.80 5 2.56 3 2.40 5 
System6 2.62 4 3.67 2 2.33 4 2.60 4 
System7 2.10 5 3.67 2 2.17 5 3.57 2 
SRC-TGT 1.90 8 1.00 9 1.00 9 1.63 9 
TGT-TGT 4.42 1 4.21 1 4.42 1 4.21 1 

Note: SRC is the source and TGT is the target. 

4.2  Spanish evaluation result 

Two types of voice conversion tasks are used in the 
Spanish evaluation: (1) intra-lingual voice conversion 
(IVC) and (2) cross-lingual voice conversion (CVC). 
In the CVC case, the language of the training data for 
speaker B (the target) is different from the language of 
speaker A (the source). In this paper the CVC task was 
only done in the Spanish-to-English direction.  

Because the authors have no knowledge of Spanish 
and to save time, we directly use the mapping formants 
extracted from the English data to generate a frequency 
warping function for both IVC and CVC tasks for 
Spanish. However, we use the F0 mean and variance 
extracted from the Spanish data for the intra-lingual 
voice conversion evaluation. Values extracted from 
English data are used for the cross-lingual voice con-
version evaluation.  

For the intra-lingual voice conversion evaluation, 
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our systems, noted as IBM1 and IBM2, are evaluated 
together with another 4 systems submitted by Siemans 
and UPC. The results are listed in Table 5. 

Table 5  Global IVC scores for Spanish 

Global IVC score 
System 

Similarity Quality Mean 
Rank

IBM1 2.20 3.48 2.84 2 
IBM2 2.35 2.92 2.64 4 
System3 1.38 3.30 2.34 5 
System4 1.98 2.35 2.16 6 
System5 2.75 2.85 2.80 3 
System6 3.70 2.55 3.13 1 

For the cross-lingual voice conversion evaluation, 
we only submit one system IBM1 because the IBM2 
system requires Spanish training data. Our system, 
IBM1, is evaluated together with another 3 systems 
submitted by Siemans and UPC. The results are shown 
in Table 6.  

Table 6  Global CVC scores for Spanish 

Global CVC score 
System 

Similarity Quality Mean 
Rank

IBM1 1.78 3.52 2.65 2 
System2 1.38 3.23 2.30 3 
System3 1.93 2.02 1.97 4 
System4 2.63 2.80 2.71 1 

In both evaluations, IBM1 achieves the highest qual-
ity score. IBM1 and IBM2 also get a moderate similar-
ity score using the mapping formants extracted from 
English training data. This result is acceptable consid-
ering that we do not adjust the formants for the differ-
ent language.   

5  Conclusions 

We have described in this paper a novel voice conver-
sion method by frequency warping. The frequency 
warping function is generated based on mapping for-
mants of the source speaker and the target speaker. Our 
method has two advantages: (1) it requires a very small 
amount of training data, and (2) it can preserve high 
quality in the converted speech while improving simi-
larity to a target speaker. Our proposed method was 
evaluated at the 2007 TC-STAR voice conversion eva-
luation. The evaluation results show that our method 
can achieve much better converted speech quality than 
other methods and a good balance between quality and  

similarity. Our method is both competitive and conven-
ient for cross-lingual voice conversion tasks. 

References  

[1] Abe M, Nakamura S, Shikano K, Kuwabara H. Voice con-
version through vector quantization. In: Proceedings of 
IEEE International Conference on Acoustics, Speech, and 
Signal Processing. Seattle, WA, USA, 1998: 655-658. 

[2] Arslan L M, Talkin D. Voice conversion by codebook 
mapping of line spectral frequencies and excitation spec-
trum. In: Proceedings of European Conference on Speech 
Communication and Technology. Rhodes, Greece, 1997. 

[3] Stylianou Y, Cappe O, Moulines E. Continuous probabilis-
tic transform for voice conversion. IEEE Transactions on 
Speech and Audio Processing, 1998, 6(2): 131-142. 

[4] Stylianou Y. High resolution voice transformation [Disser-
tation]. Portland, USA: Oregon Health and Science Uni-
versity, 2001. 

[5] Shuang Zhiwei, Wang Zixiang, Ling Zhenhua, Wang Ren-
hua. A novel voice conversion system based on codebook 
mapping with phoneme-tied weighting. In: Proceedings of 
International Conference on Spoken Language Processing. 
Jeju, Korea, 2004. 

[6] Toda T, Black A W, Tokuda K. Spectral conversion based 
on maximum likelihood estimation considering global 
variance of converted parameter. In: Proceedings of IEEE 
International Conference on Acoustics, Speech, and Signal 
Processing. Philadelphia, PA, USA, 2005, 1: 9-12. 

[7] Eichner M, Wolff M, Hoffmann R. Voice characteristics 
conversion for TTS using reverse VTLN. In: Proceedings 
of IEEE International Conference on Acoustics, Speech, 
and Signal Processing. Montreal, PQ, Canada, 2004. 

[8] Eide E, Gish H. A parametric approach to vocal tract length 
normalization. In: Proceedings of IEEE International Con-
ference on Acoustics, Speech, and Signal Processing.   
Atlanta, USA, 1996. 

[9] Zhang P M, Waibel A. Vocal tract length normalization for 
large vocabulary continuous speech recognition. Carnegie 
Mellon University, Language Institute Technical Report: 
CMU-LTI-97-150, 1997. 

[10] Shuang Z, Bakis R, Shechtman S, Qin Y. Frequency warp-
ing based on mapping formant parameters. In: Proceedings 
of International Conference on Spoken Language Process-
ing. Pittsburgh, USA, 2006. 

[11] Chazan D, Hoory R, Sagi A, Shechtman S, Sorin A, 
Shuang Z, Bakis R. High quality sinusoidal modeling of 
wideband speech for the purposes of speech synthesis and 
modification. In: Proceedings of IEEE International Con-
ference on Acoustics, Speech, and Signal Processing.   
Toulouse, France, 2006. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /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 true
  /MaxSubsetPct 1
  /Optimize false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /SABAEN44
    /SAKURAalp
    /Shruti
    /SimSun
    /STSong
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. 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 PDFs that match the "Required"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


