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ABSTRACT

This paper proposes a novel colour image enhancement

method which uses wavelet-based texture characteristic mor-

phological component analysis (WT-TC-MCA) to enhance

the textural differences in the luminance channel of the colour

image. The image enhancement method is intended to be the

preprocessing method prior to the use of the colour image

segmentation. The input colour image is firstly transformed

to CIELab colour space to separate the luminance channel

from the chromatic channels. Then only the luminance chan-

nel is enhanced by the WT-TC-MCA method to enhance the

textural differences between different textures. Therefore,

the colour image is enhanced with more differentiate textures

while preserving the chromatic information. The experi-

mental results show that the proposed method can enhance

different colour image segmentation algorithms more than

the state-of-the-art colour image enhancement method.

Index Terms— Colour image enhancement, texture

enhancement, morphological component analysis, CIELab

colour space

1. INTRODUCTION

The segmentation of colour images are of great importance

and challenges in recent image processing works. For better

segmentation performances, colour image enhancement is a

necessary step to enlarge the differences between different re-

gions in the image. Numerous methods have been proposed to

expand the theory of grayscale image enhancement to colour

images. The authors in [1] summarized the state-of-the-art

colour image enhancement methods, which can be classified

in to 2 categories: contrast-based enhancement and texture-

based enhancement.

Contrast-based enhancement methods focused on en-

larging the differences in pixel intensities. The classical

histogram equalization [2] was applied to every RGB channel

of the colour image, resulting in an excessive brightness for

bright pixels in the image. An adaptive neighbourhood his-

togram equalization (ANHE) method was proposed in [3] to

equalize the intensities in a variable-shaped neighbourhood

containing pixels similar to the seed pixels and update the

seed pixels’ intensities with the equalized ones. In [4], the

histogram of a colour image was newly defined where the cu-

mulative distribution function (cdf) was the accumulation of

pdfs within the box of size R×G×B in 3D color space. Then

the image was enhanced by equalizing this 3D colour his-

togram with a method preserving both the hue and the gamut

constraints as proposed by Naik and Murthy [5]. Multi-scale

retinex with modified colour restoration (MSRCR) [6] was

the algorithm based on retinex concept [7], improving lu-

minance effects of images without degrading the contrast.

However, MSRCR has difficulty distinguishing edges and

details while estimating the illumination. In [8], it was pro-

posed to combine a multi-resolution transform with lumi-

nance masking and contrast masking based on human visual

system (HVS-SWT-LCM), which was capable of adjusting

the brightness level of the image and providing both dynamic

range compression and contrast enhancement. In [9], spatial

entropy-based contrast enhancement using the discrete cosine

transform (SECE-DCT) was proposed to enhance both global

and local contrast. Transform domain coefficients of an im-

age globally enhanced by SECE is further weighted to obtain

both a globally and locally enhanced image. For most of the

contrast-based enhancement methods, however, the region

of interest can’t be highlighted from other regions because

image details or edges were over-enhanced or degraded by

colour distortion.

Texture-based colour image enhancement methods are

typically applied only to image luminance so that the textural

differences are enlarged in different regions while the colours

are not affected. In [10], histogram equalization and unsharp

masking (HE-UM) were used to enhance the texture details

of the image. Filters based on partial differential equations

(PDE) were also used to enhance colour images due to their

good performance in enhancing grayscale textural images

[11]. Coherence enhancing diffusion filters (CDF) [12] pre-

serve strong discontinuities at edges while removing artifacts

from smooth regions. Shock filtering (SHK) [13] smooths

along the coherent texture flow orientations and reduces dif-

fusivity at non-coherent structures which enhances texture

details. These methods can enhance the texture details of the
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Fig. 1. The WT-TC-MCA based texture enhancement process. The

input image undergoes k WT-TC-MCA decompositions (Eq. 1) to

extract k pairs of components strongly and weakly exhibiting a par-

ticular texture characteristic. These components are manipulated to

enhance the strong characteristics and suppress the weak character-

istics as Eq. 2. The manipulated components are then recombined as

Eq. 3 to form the image where the textural differences are enlarged.

image, but the region of interest is still not well-highlighted

because all textures are enhanced to the same extent.

In this paper, the wavelet-based texture-characteristic

morphological component analysis (WT-TC-MCA) [14],

which has proven to be successful in enhancing the textu-

ral differences between different textures in grayscale image,

was applied to enhance colour images. We first transfer the

image from RGB colour space to CIELab colour space, then

the WT-TC-MCA method is used to enhance the luminance

(L) channel as a grayscale textural image. After converting

back to the RGB colour space with the enhanced L-channel,

the colour image is enhanced with more distinguishable tex-

ture differences while preserving hue and perceptual effect.

2. IMAGE ENHANCEMENT USING
WAVELET-BASED TEXTURE-CHARACTERISTIC

MORPHOLOGICAL COMPONENT ANALYSIS
(WT-TC-MCA)

Fig. 1 shows the schematic for enhancing image texture by

the wavelet-based texture-characteristic morphological com-

ponent analysis (WT-TC-MCA)[14]. The enhancement pro-

cess includes three steps.

Firstly, for a given textural image I , the WT-TC-MCA is

used to decompose the image into different components cor-

responding to 4 textural characteristics (coarseness, contrast,

line-likeness and directionality) by solving the optimization

problems:

{
sopts,i , s

opt
w,i

}
= arg min

{ss,i,sw,i,Ts,i,Tw,i}
‖Ts,iss,i‖1

+ ‖Tw,isw,i‖1 + ‖I − ss,i − sw,i‖22
, (1)

where ss,i and sw,i are components of the original I hav-

ing strong and weak aspects of the i-th characteristic, i =
1, . . . , 4. Ts,i and Tw,i are wavelet transformations used

as dictionaries for components corresponding to strong and

weak aspects of i-th characteristic ss,i and sw,i respectively.

After decomposition, the pairs of strong and weak texture

characteristic components ss,i and sw,i are manipulated by

modifying their wavelet coefficients, leading to enhancement

of the texture characteristics they are meant to capture as:

αs,i = [as,i, hs,i, vs,i, ds,i] = wt (ss,i, j) ,
αw,i = [aw,i, hw,i, vw,i, dw,i] = wt (sw,i, j) ,

α
′
s,i = fs,i (αs,i) , α

′
w,i = fw,i (αw,i) ,

s
′
s,i = iwt

(
α

′
s,i

)
, s

′
w,i = iwt

(
α

′
w,i

)
,

(2)

where αs,i and αw,i are the wavelet coefficients of the image

components ss,i and sw,i for the i-th strong and weak char-

acteristic respectively. α
′
s,i and α

′
w,i are the modified wavelet

coefficients of αs,i and αw,i by the non-linear enhancement

methods fs,i and fw,i, respectively.

The manipulated components s
′
s,i and s

′
w,i, with their

own properties enhanced, are re-combined into a final texture-

enhanced image I
′

as follows:

I ′ =
1

k

k∑
i=1

(
s
′
s,i + s

′
w,i

)
, (3)

where s
′
s,i and s

′
w,i are calculated in Eq. 2 as the manipulated

strong and weak characteristic components respectively, and

k is the total number of characteristics used for image decom-

position.

3. COLOUR IMAGE ENHANCEMENT USING
WT-TC-MCA

The WT-TC-MCA texture enhancement method is applied to

the luminance component from the CIELab colour space. The

CIELab colour space transforms the RGB colour space into a

luminance channel L and two opponent chrominance chan-

nels a and b [15]. By enhancing the L component of the

colour image with WT-TC-MCA, the textures are differen-

tiated more whereas chrominance values remain nearly un-

changed. As shown in Fig. 2, the WT-TC-MCA based colour

image enhancement is implemented as follows:

1. transform the input image I from RGB colour space to

CIELab colour space;

2. enhance the L component by the WT-TC-MCA method

so that different in l channel are modified to be mutually

more different to obtain the enhanced component L′;

3. replace the L component with L
′
, then transform the

colour image back to the RGB colour space, yielding

the texture-enhanced colour image I
′
.
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Fig. 2. The WT-TC-MCA based colour image enhancement pro-

cess. The input image I is transformed to luminance component L
and chrominance components a and b. The luminance component L

is enhanced by WT-TC-MCA method to L
′

while the chrominance

components a and b are kept unchanged. By transforming the colour

image back to RGB colour space, the image I
′

is enhanced with

more differentiable textures.

4. EXPERIMENTS AND DISCUSSION

Our colour image texture enhancement method is evalu-

ated by measuring the improvement in accuracy it yields in

texture-based image segmentation algorithms compared with

texture enhancement by other methods.

4.1. Experimental Images and Comparator Methods

The colour images utilized in this paper are from the Berker-

ley segmentation dataset [16]. The performance of the pro-

posed method is compared with the state-of-the-art colour

image enhancement methods described in [1], including

adaptive neighbourhood histogram equalization (ANHE) [3],

J. Han, S. Yang and B. Lee’s work (HP-ILP) [4], multi-scale

retinex with colour restoration (MSRCR) [6], spatial entropy-

based contrast enhancement (SECE-DCT) [9], luminance

and contrast masking of human visual system based image

enhancement (HVS-SWT-LCM) [8], histogram equalization

and unsharp masking (HE-UM) [10], coherence enhancing

diffusion filter (CDF) [12], and shock filtering (SHK) [13].

Then the segmentation tests are carried out as follows:

1. the test images are enhanced as described in Section III,

and with the comparator methods listed above;

2. the original images and the images enhanced by the

proposed method were segmented using several seg-

mentation algorithms: gPb-owt-ucm [16], UCM [17],

Mean Shift [18], N-cuts [19], region merging [20] and

Canny [21], and evaluated by BSDS500 benchmark;

3. the original images and the images enhanced by differ-

ent image enhancement methods were segmented with

the hierarchical segmentation algorithm gPb-owt-ucm

[16] and evaluated using the BSDS500 benchmark.

4.2. Performance of Enhanced Image Segmentation

Fig. 3 shows an example image enhanced by different colour

image enhancement methods, together with the gPb-owt-ucm

segmentation results, which performs the best over all images

in the dataset. The AHNE method stretches the brightness

too much and distorts the colour, leading to weak edges over-

enhanced. HP-ILP method focuses on local textures but has

unnecessary artifacts in the smooth regions. MSRCR and

HVS-SWT-LCM methods both make the images too bright

and distort the colour in the dark areas, adding a lot of unnec-

essary textures. SECE-DCT degrades the textures in bright

regions. HE-UM enhances the edges globally however de-

grades the textures with similar local intensities. CDF and

SHK both change the shapes of textures in the images, which

cannot highlight textures in the regions of interest either. The

proposed method leads to better segmentation results because

WT-TC-MCA can enhance textures to different extents with

respect to their own properties because it separates the tex-

tures into components representing different visual character-

istics and modifies these components in different ways.

Fig. 4 shows the evaluation of segmentation algorithms

on the BSDS500 images and those enhanced by the proposed

method. Table 1 shows the F-measures when choosing an

optimal scale for the entire dataset (ODS) or per image (OIS),

as well as the average precision (AP). Use of the proposed

method prior to segmentation improves the performance of

every segmentation method.

original WT-TC-MCA
ODS OIS AP ODS OIS AP

gPb-owt-ucm[16] 0.69 0.72 0.70 0.73 0.75 0.76
UCM[17] 0.66 0.68 0.65 0.68 0.69 0.68

Mean Shift[18] 0.62 0.64 0.58 0.66 0.68 0.63
N-cuts[19] 0.60 0.64 0.54 0.63 0.68 0.58

region merging[20] 0.56 0.59 0.48 0.60 0.62 0.56
Canny[21] 0.54 0.57 0.43 0.56 0.57 0.51

Table 1. The F-measure of segmenting BSDS500 images and im-

ages enhanced by the proposed method with different methods.

Then we selected the gPb-owt-ucm segmentation method,

which has the best performance in segmenting colour im-

ages in the dataset. Fig. 5 shows the evaluation of gPb-owt-

ucm in segmenting images enhanced by different enhancing
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Fig. 3. Segmentation results of colour images enhanced by dif-

ferent colour image enhancing methods. Row 1 to Row 4: colour

image enhanced by different methods, as well as the segmentation

with gPb-owt-ucm [16]. Row 5: ground truths of segmenting the

image by 5 users.

methods. Table 2 shows the F-measure of different enhanced

images in the testing dataset. Use of the proposed method

prior to segmentation leads to a better segmentation effect

than other enhancement methods.

F-measure

ODS OIS AP

original 0.69 0.72 0.71

ANHE[3] 0.69 0.71 0.69

HP-ILP[4] 0.71 0.74 0.74

MSRCR[6] 0.70 0.72 0.71

SECE-DCT[9] 0.71 0.74 0.75

HVS-SWT-LCM[8] 0.71 0.74 0.75

HE-UM[10] 0.68 0.71 0.71

CDF[12] 0.72 0.74 0.75

SHK[13] 0.71 0.72 0.73

WT-TC-MCA 0.73 0.75 0.76

Table 2. The F-measure of segmenting BSDS500 images and the

images enhanced by different methods using the gPb-owt-ucm seg-

mentation method.
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Fig. 4. Evaluation of different segmentation algorithms on the

BSDS500 images and those enhanced by the proposed method. Blue

curves are the precision-recall curves of segmenting the original im-

ages, red curves are the precision-recall curves of segmenting the

enhanced images.
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Fig. 5. Evaluation of the gPb-owt-ucm segmentation method on

the BSD500 images and those enhanced by different image en-

hancing methods. (a) The comparison among the original images

(blue), ANHE (cyan), HP-ILP (green), MSRCR (magenta), SECE-

DCT (yellow) and the proposed method (red); (b) the comparison

among the original images (blue), HVS-SWT-LCM (cyan), HE-UM

(green), CDF (magenta), SHK (yellow) and the proposed method

(red).

5. CONCLUSION

We novelly enhanced the textures in colour images using

the wavelet-based texture characteristic morphological com-

ponent analysis (WT-TC-MCA) method. The luminance

channel of the image was extracted then enhanced by WT-

TC-MCA to enlarge the textural differences. The experi-

mental results showed that the proposed image enhancement

method enlarged the textural differences without affecting

chrominance of colour images, leading to improved colour

image segmentation results.



6. REFERENCES

[1] Shikha Mahajan and Richa Dogra, “A review on image

enhancement techniques,” International Journal of En-
gineering and Innovative Technology, vol. 4, no. 11, pp.

108–113, May 2015.

[2] P.E. Trahanias and A.N. Venetsanopoulos, “Color im-

age enhancement through 3-D histogram equalization,”

in Pattern Recognition, 1992. Vol.III. Conference C: Im-
age, Speech and Signal Analysis, Proceedings., 11th
IAPR International Conference on, Aug 1992, pp. 545–

548.

[3] Vasile Buzuloiu, Mihai Ciuc, Rangaraj M. Rangayyan,

and Constantin Vertan, “Adaptive-neighborhood his-

togram equalization of color images,” Journal of Elec-
tronic Imaging, vol. 10, no. 2, pp. 445–459, 2001.

[4] Ji-Hee Han, Sejung Yang, and Byung-Uk Lee, “A Novel

3-D Color Histogram Equalization Method With Uni-

form 1-D Gray Scale Histogram,” Image Processing,
IEEE Transactions on, vol. 20, no. 2, pp. 506–512, Feb

2011.

[5] S.K. Naik and C.A. Murthy, “Hue-preserving color

image enhancement without gamut problem,” Image
Processing, IEEE Transactions on, vol. 12, no. 12, pp.

1591–1598, Dec 2003.

[6] M.C. Hanumantharaju, M. Ravishankar, D.R. Ramesh-

babu, and S. Ramachandran, “Color Image Enhance-

ment Using Multiscale Retinex with Modified Color

Restoration Technique,” in Emerging Applications of
Information Technology (EAIT), 2011 Second Interna-
tional Conference on, Feb 2011, pp. 93–97.

[7] Edwin H Land, “An alternative technique for the com-

putation of the designator in the retinex theory of color

vision,” Proceedings of the National Academy of Sci-
ences, vol. 83, no. 10, pp. 3078–3080, 1986.

[8] S.C. Nercessian, K.A. Panetta, and S.S. Agaian, “Non-

Linear Direct Multi-Scale Image Enhancement Based

on the Luminance and Contrast Masking Characteris-

tics of the Human Visual System,” Image Processing,
IEEE Transactions on, vol. 22, no. 9, pp. 3549–3561,

Sept 2013.

[9] T. Celik, “Spatial Entropy-Based Global and Local Im-

age Contrast Enhancement,” Image Processing, IEEE
Transactions on, vol. 23, no. 12, pp. 5298–5308, Dec

2014.

[10] Xiaoming Chen and Lili Lv, “A Compositive Contrast

Enhancement Algorithm of IR Image,” in Information
Technology and Applications (ITA), 2013 International
Conference on, Nov 2013, pp. 58–62.

[11] S. Bettahar, A.B. Stambouli, P. Lambert, and A. Benoit,

“PDE-Based Enhancement of Color Images in RGB

Space,” Image Processing, IEEE Transactions on, vol.

21, no. 5, pp. 2500–2512, May 2012.

[12] Joachim Weickert, “Coherence-enhancing diffusion of

colour images,” Image and Vision Computing, vol. 17,

no. 3, pp. 201–212, 1999.

[13] Joachim Weickert, “Coherence-enhancing shock fil-

ters,” in Pattern Recognition, pp. 1–8. Springer, 2003.

[14] Jianning Chi and Mark Eramian, “Enhancement of tex-

tural difference using morphological component anal-

ysis with wavelet-based dictionaries,” (submitted,

based on the recent proposed work “Enhancement of

Textural Differences Based on Morphological Compo-

nent Analysis”, J. Chi, M. Eramian, Image Process-

ing, IEEE Transactions on, Vol. 24, No. 9, Sept. 2015,

http://www.cs.usask.ca/faculty/eramian/tcmca/).

[15] Patel Janakkumar Baldevbhai and RS Anand, “Color

image segmentation for medical images using L* a* b*

color space,” IOSR Journal of Electronics and Com-
munication Engineering (IOSRJECE), vol. 1, no. 2, pp.

24–45, 2012.

[16] P. Arbelaez, M. Maire, C. Fowlkes, and J. Malik, “Con-

tour Detection and Hierarchical Image Segmentation,”

Pattern Analysis and Machine Intelligence, IEEE Trans-
actions on, vol. 33, no. 5, pp. 898–916, May 2011.

[17] P. Arbelaez, “Boundary Extraction in Natural Images

Using Ultrametric Contour Maps,” in Computer Vision
and Pattern Recognition Workshop, 2006. CVPRW ’06.
Conference on, June 2006, pp. 182–182.

[18] D. Comaniciu and P. Meer, “Mean shift: a robust ap-

proach toward feature space analysis,” Pattern Analysis
and Machine Intelligence, IEEE Transactions on, vol.

24, no. 5, pp. 603–619, May 2002.

[19] T. Cour, F. Benezit, and Jianbo Shi, “Spectral seg-

mentation with multiscale graph decomposition,” in

Computer Vision and Pattern Recognition, 2005. CVPR
2005. IEEE Computer Society Conference on, June

2005, vol. 2, pp. 1124–1131 vol. 2.

[20] Pedro F Felzenszwalb and Daniel P Huttenlocher, “Ef-

ficient graph-based image segmentation,” International
Journal of Computer Vision, vol. 59, no. 2, pp. 167–181,

2004.

[21] John Canny, “A Computational Approach to Edge De-

tection,” Pattern Analysis and Machine Intelligence,
IEEE Transactions on, vol. PAMI-8, no. 6, pp. 679–698,

Nov 1986.



<<
  /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


