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ABSTRACT

Extinction profile (EP) is an effective feature extraction
method which can well preserve the geometrical
characteristics of a hyperspectral image (HSI) and by
extracting the EP from first three independent components
(ICs) of an HSI, three correlated and complementary groups
of EP features can be constructed. In this paper, an EPs fusion
(EPs-F) strategy is proposed for HSI classification by
exploring spatial-spectral information within and among
three EP features. In general, the EPs-F method includes two
stages. In the first stage, within each EP feature, a
superpixel-based composite kernel strategy is proposed to
adaptively fuse the spatial information of EP and the spectral
feature of HSI. Then, the obtained adaptive composite kernel
is used to create a classification map for each EP. In the
second stage, decision fusion is further applied on different
classification maps to create the final classification result.
Experiments on two real HSIs verify the effectiveness of the
proposed EPs-F algorithm.

Index Terms— Classification, hyperspectral image
(HSI), extinction profiles (EPs), composite kernel, decision
fusion.

1. INTRODUCTION

In recent years, a number of classifiers have been developed
for the hyperspectral image (HSI) classification. Among these
methods, the support vector machines (SVMs) [1] have
shown remarkable performance. However, the traditional
SVMs classify image without considering contextual
information, i.e., inter-pixel dependency. Therefore, the
classification map obtained by the SVMs may contain much
pepper and salt noise. To enhance classification performance,
in [2-4], the composite kernel-based SVMs were utilized to
combine both the spectral and spatial information for
classification.

On the other hand, various feature extraction-based
classification methods have been proposed. Among these
methods, morphological profile (MP)-based methods have
attracted much attention, since MPs can effectively extract
spatial and contextual information with low computational
cost [5]. Furthermore, an extended MP (EMP) was developed
to extract spatial information of HSI [6]. However, although
the MP-based methods have shown an excellent performance
on HSI classification, they adopt shape fixed structural
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element (SE) and the extracted information highly depends on
the size of the object. In addition, MPs usually fail to
represent information related to the gray-level characteristics
of the regions [5]. To address the above-mentioned issues,
extinction profiles (EPs) were introduced for HSI
classification based on extinction filters (EFs) in [5].
Moreover, in [7], the concept of EPs has been generalized to
extract spatial and contextual information from HSI, which
can simultaneously preserve the geometrical characteristics
of the input image, while discarding unimportant details.
Moreover, to apply the EP to HSI, the independent
component analysis (ICA) is used to extract a few informative
features (e.g., three ICs) from the whole HSI and three main
ICs of HSI can be preserved as base images to produce EPs
which are 3 dimensional (3d) feature [7]. In this way, three
complementary and correlated EP can be formed. The whole
procedure of the EP-based feature extraction in HSI is shown
in Fig. 1. As can be observed, within each EP, there exists still
abundant spatial information. In addition, each EP has its own
distinctive characteristics which can reflect the original HSI
in different aspects.

In this paper, we propose an EPs-based Fusion (EPs-F)
method to exploit the information within and among the EPs
for HSI classification. The EPs-F first adopts a
superpixel-based composite kernel strategy to adaptively
exploit the information within each EP. In general, for each
EP, many shape adaptive superpixels are created by an
efficient over segmentation algorithm [8]. Then, three kernels
are employed to utilize the spatial-spectral information of
inter and intra superpixels. Furthermore, these three kernels
are adaptively combined into a composite kernel and the
composite kernel is fed into an SVM to obtain the first stage
classification map for each EP. The three kernels weights are
adjusted automatically based on the structure complexness of
the input image. Furthermore, since there are correlated and
complementary information among EPs, a decision fusion
method is applied on different classification maps to obtain
the final classification result.

The rest of this paper is organized as follows. In Section
2, the EPs are briefly introduced. In Section 3, the proposed
EPs-F model for the HSI classification is detailed. The
experimental results are given in Section 4. Finally, the
conclusions are summarized in Section 5.

2. EP BASED FEATURE EXTRACTION
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Fig. 1. The procedure to extract extinction profiles (EPs) from
three independent components (ICs) of HSI.

In order to extract detailed information from an input HSI, a
sequence of EF filters are taken into consideration [5]. By
this way, the EPs can be produced. An EP is composed of a
sequence of thinning and thickening transformations defined
with a sequence of progressively stricter threshold values. An
EP for the input gray-scale image, i.e., f , can be defined as

follows:
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with P, :{P,} (i=1...,L), asetof L ordered predicates
(ie., P, < P, ,i<k)[5] To extend the concept of EP from

a gray scale image to the HSI, the independent component
analysis is first applied on the whole dimensionality to obtain
the most informative components (e.g., first three ICs). Then,
for each IC, we can construct the corresponding EP. In this

way, three distinctive and compensative EPs (i.e., EP, ,EP, ,

and EP, ) can be constructed (see example in Fig. 1).

3. PROPOSED EPs-F METHOD

From Fig. 1, we have the following two observations: 1)
There is abundant information within each EP. 2) Different
EPs have their own distinctive characteristics which can offer
compensative information. Therefore, in this paper, the EPs-F
method is proposed to exploit the spatial information within
EP and the compensative information among EPs for HSI
classification.

3.1 Stage I: Fusion within EP
For each 3d EPs (e.g., EP,i=12,3 ), the principal

component analysis (PCA) is first used to reduce EP, spectral

bands and the first three principle components are used as the
base image. Moreover, the entropy rate superpixel (ERS) [8]
method is applied on the base image to construct a 2D
superpixel map, and the map is combined with the
corresponding EP feature to extract the non-overlapping 3D

shape-adaptive regions (i.e., X**, i=l,...S, .S,  is the

number of superpixel).
For each X", which includes a group of neighbor

spectral pixels of EP, x[",kzl,...,K where K is number of

spectral pixels, two types of spatial features are extracted:
1) inter shape-adaptive spatial feature, For the inter
shape-adaptive spatial feature, we first compute the mean

of spectral pixels x/,k =1,...,K which is denoted by X, ,
and then X, is assigned to every spectral pixels in X"

to construct a mean feature EP"*" .

2) intra shape-adaptive spatial feature. For the intra
shape-adaptive spatial feature, a weight average strategy
is applied on the neighbor superpixels (i.e.,

Xff’jflpe,j =1....J ) of X/ . J is the number of
neighbor superpixels. In detail, the weighted average
operation is applied on the mean pixels x;";",j =1,...,J,
which are the average of Xf’hjf"’e , as follows:

mean mean

exp(— "x,. —x"

NP

‘.

and % is a predefined scalar. Finally, the x"is assigned

J
xiwa :Z w, ; % x;njan W, ;
e - Sum

where Sum is defined as Zj:l exp(—|

mean mean
Xi i

to all pixels in X" In this way, the weight average
feature image EP"“*" can be constructed.

After extracting two types of spatial features ( EP"“" and

EP"“*" ). the composite kernel strategy which integrates the
two types of spatial features and spectral pixel is used to
develop SVM classifier for creating the classification map.
Specifically, for EP"*  EP"“*" and original HSI, i.e., I ,
three kernels are created for the selected training samples
KZZ’QZEP > Kzgifg"mp , and K;mm >
respectively. Moreover, an adaptive strategy is proposed in
which all weights are automatically adjusted based on the

structure complexness (e.g., the edge information) of the
input image to combine the three kernels together, as follows:

— train train train
KCK _Iul KmeanEP +luZKweightEP +lu3K1 (4)

M, 5 M, , and u, are determined by the structural

which are denoted by,

where
complexness (detected by canny operator) of EP™ |
EPi weight 4 +Iu2 +lu3 :1

Furthermore, the obtained composite kernel K, is then fed

and [ respectively, while

into a SVM for creating the first stage classification map. It
worth noting that the Radial basis function (RBF) kernel is
used in our method. The whole procedure of fusion stage I in
EP, is summarized in Fig. 2 and the aforementioned
operations are applied in each EP. In this way, three
compensatory and correlated classification maps can be
obtained which are denoted by map, , map, and map,

(see the example in Fig. 3).
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3.2 Stage II: Fusion among EPs

Since each EP has its own distinctive characteristics which
can reflect the original HSI in different aspects, the
classification maps ( mapg, , map;, and map, ) obtained

from different EPs have compensatory and correlated
information. For instance, from the red circle of Fig. 3, we can

observe that the classification map,, delivers the best
classification performance in this area, while map,, and
map, have some wrong labels at different position. The

same situation can also be observed at other zooms (e.g., the
green circle and the yellow circle). Thus, in this stage, the
decision fusion (e.g., majority voting) is further utilized to
fuse correlated information of three obtained classification
maps to create the final classification result.
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Fig. 2. The floatchart of fusion stage I in EP,

(a) (d)

Fig. 3. (a), (b) and (c) are the classification maps (i.e., map, ,
map, and map , ) obtained in the first stage, respectively. (d)

is the reference map.

(e) ¢ (2) (h)

Fig. 4. Reference map and classification results for the Indian

University of Pavia image.

MNFL  (OA=94.2%)

Pines image. (a) Reference, (b) SVM (0OA=74.0%), (c) EMP
(0A=90.8%), (d) EPF (OA=88.5%), (e) GCK-MLR
(0OA=91.2%), (f) SC-MK (OA=94.8%), (g) MNFL
(OA=91.2%) and (h) the proposed EPs-F (0A=96.0%).

4. EXPERIMENTAL RESULTS

In this section, the effectiveness of the proposed EPs-F
method is tested on two hyperspectral datasets, i.e., Airborne
Visible/Infrared Imaging Spectrometer (AVIRIS) Indian
Pines image, Reflective Optics System Imaging Spectrometer
(ROSIS-03) University of Pavia image. The classification
results of the proposed EPs-F method on these two images are
visually and quantitatively compared with several
well-known HSI classifiers, i.e., SVM [1], EMP [6], EPF [9],
GCK-MLR [2], SC-MK [4], and MNFL [10]. To objectively
evaluate the classification results, three metrics of OA,
average accuracy (AA), and Kappa coefficient are used.

4.1 Parameters setting

For the EPs-F, the parameter 4 in (3) is set to 500 and the
parameter of SVM classifier in our method is selected by
5-fold cross-validation. The parameters of the SVM method
are determined by the 10-fold cross-validation technique. The
parameters of EMP, EPF, GCK-MLR, SC-MK and MNFL
are set as the defaulted values in [1], [6], [9], [2], [4] and [10],
respectively

(e () 2 (h)

Fig. 5. Reference map and classification results for the
(a) Reference, (b) SVM
(OA=86.0%), (c) EMP (OA=93.9%), (d) EPF (OA=92.9%),
(e) GCK-MLR (0A=96.5%), (f) SC-MK (0OA=96.9%), (g)
and (h) the proposed EPs-F

(0A=99.1%).
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Table 1: Classification accuracies (in percentage) for different methods as an average (standard deviation) after ten repeated
experiments. 50 training samples are randomly selected for each class.

Indian Pines

Method SVM 1] EMP [6] EPF [9] GCK-MLR [2] SC-MK [4] MNFL[10] EPs-F
OA 72.73 (0.85) 89.43 (1.67) 88.31 (1.80) 91.71 (0.72) 95.06 (0.67) 90.86 (0.80) 95.85 (0.46)
AA 68.72 (0.93) 87.76 (1.90) 86.51 (2.01) 94.02 (0.40) 96.50 (0.40) 91.85 (0.78) 97.09 (0.24)

Kappa 73.50 (0.60) 90.00 (1.61) 88.20 (1.52) 90.40 (0.22) 94.30 (0.83) 89.40 (0.92) 95.20 (0.54)

University of Pavia

Method SVM 1] EMP [6] EPF [9] GCK-MLR [2] SC-MK [4] MNFL[10] EPs-F
OA 84.06 (1.09) 94.57 (0.77) 93.57 (2.39) 96.40 (0.36) 96.28 (1.48) 94.95 (0.72) 98.67 (0.67)
AA 79.35 (1.26) 92.85 (1.01) 91.60 (3.03) 96.34 (0.31) 97.51 (0.70) 94.91 (0.36) 99.18 (0.18)

Kappa 82.01 (0.92) 9321 (1.02) 92.80 (2.55) 95.20 (0.53) 0.951 (1.92) 0.934 (0.92) 98.20 (0.91)

. . . quantitative metrics.
4.2 Classification results comparison
ACKNOWLEGEMENTS

The first experiment is conducted on the Indian Pines image
which has 220 bands of size 145x145 (20 water absorption
bands were removed before experiments). The ten major
classes are used in our experiment. For each class, only 50
training samples are randomly selected and the classification
maps and OA are shown in Fig. 4. As can observed, the
proposed EPs-F method has the highest OA (96.0%) with less
salt and pepper noise. The corresponding quantitative
classification results (the average and standard variance of 10
runs) compared with other methods are presented in Table 1.
As shown in Table 1, the proposed method delivers the best
performance in terms of the OA, AA, and Kappa metrics.
The second experiment is performed on the University of
Pavia image with the size of 610x340 pixels. It comprises
103 spectral channels and nine ground truth classes. For each
class, we also selected 50 training samples. The classification
maps obtained by different methods are shown in Fig. 5.
From Fig. 5, we can observe that the classification result of
the proposed EPs-F method produces the best visual
performance with the highest OA (99.1%). The
corresponding quantitative classification results (the average
and standard variance of 10 runs) compared with other
methods are also tabulated in Table 1. From Table 1, we can
also observe that, the proposed method outperforms the other
investigated methods in terms of OA, AA and Kappa metrics.

5. CONCLUSIONS

This paper presents a novel feature fusion method named
EPs-F to utilize the information of within and among EPs
features for HSI classification. Within each EP, three
composite kernels are employed to fuse the spatial
information of the EP and spectral features of the HSI. Then,
an adaptive kernel strategy is used to combine the three
kernels and the fused kernel is fed into an SVM classifier to
create the classification maps. In addition, among EPs, since
the classification maps from different EP should contain
correlated and complementary information, the decision
fusion is further adopted to fuse the obtained classification
maps for generating the final classification result. Our
experiment on two real HSI datasets demonstrate the
superiority of the proposed EPs-F method over several
well-known classifiers in terms of visual quality and

This paper is supported by the National Natural Science Fund
of China for Distinguished Young Scholars (No. 61325007),
the National Natural Science Fund of China for International
Cooperation and Exchanges (No. 61520106001), the National
Natural Science Foundation of China (No. 61601179), and
the Science and Technology Plan Projects Fund of Hunan
Province (No. 2015WK3001).

REFERENCES

[1]F. Melgani and L. Bruzzone, "Classification of hyperspectral remote
sensing images with support vector machines," IEEE Trans. Geosci. Remote
Sens., vol. 48, pp. 1778-1790, Aug. 2004.

[2]P. M. J. Li, A. Plaza, J. Bioucas-Dias, and J. A. Benediktsson,
"Generalized Composite Kernel Framework for Hyperspectral Image
Classification," IEEE Trans. Geosci. Remote Sens., vol. 51, Sep. 2013.

[3]G. Camps-Valls, L. Gomez-Chova, J. V.-F. J. Muiloz-Mari, and J.
Calpe-Maravilla, "Composite kernels for hyperspectral image classification,"
IEEE Geosci. Remote Sens. Lett.,, vol. 3, pp. 93-97, Jan. 2006.

[4]L. Fang, S. Li, Wuhui Duan, J. Ren, and J. A. Benediktsson,
"Classification of Hyperspectral Images by Exploiting Spectral-Spatial
Information of Superpixel via Multiple Kernels," IEEE Trans. Geosci.
Remote Sens., vol. 53, pp. 6663-6673, Dec. 2015

[5]Pedram Ghamisi, R. Souza, J. A. Benediktsson, X. X. Zhu, Leticia Rittner,
and R. A. Lotufo, "Extinction Profiles for the Classification of Remote
Sensing Data," IEEE Trans. Geosci. Remote Sens., vol. 54, Oct. 2016.

[6]J. A. Benediktsson, J. A. Palmason, and J. R. Sveinsson, "Classification of
hyperspectral data from urban areas based on extended morphological
profiles," IEEE Trans. Geosci. Remote Sens., vol. 43, Mar. 2005.

[7]1P. Ghamisi, R. Souza, J. A. Benediktsson, L. Rittner, R. Lotufo, and X. X.
Zhu, "Hyperspectral data classification using extended extinction profiles,"
IEEE Geos. Remote Sens. Let., vol. 13, pp. 1641-1645, 2016.

[8]M.-Y. Liu, O. Tuzel, S. Ramalingam, and R. Chellappa, "Entropy rate
superpixel segmentation," in Proc. IEEE Conf. Comput. Vis. Pattern Recog.,
2011.

[91X. Kang, S. Li, and J. A. Benediktsson, "Spectral-Spatial Hyperspectral
Image Classification With Edge-Preserving Filtering," /EEE Trans. Geosci.
Remote Sens., vol. 52, pp. 2666-2677, May 2014.

[10]J. Li, X. Huang, Paolo Gamba, J. M. Bioucas-Dias, L. Zhang, J. A.
Benediktsson, et al., "Multiple Feature Learning for Hyperspectral Image
Classification," /IEEE Trans. Geosci. Remote Sens., vol. 53, pp. 1592-1606,
Mar. 2015.

2270




<<
  /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 100
  /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
    /Shruti
    /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


