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Abstract-This paper presents a new adaptive image quality
enhancement algorithm and hardware implementation for
reducing ringing artifacts. The proposed system operates with a
block structure and 24-bit RGB data. Based on the modified K-
means algorithm, two representative colors are generated in
neighboring each block of the image, and ringing artifacts are
reduced by moving all the pixels in each block to the closer of the
two representative colors. The proposed system has been
demonstrated experimentally by using a Xilinx VirtexIl FPGA
XCV6000, USB interface board, and a conventional CMOS sensor
module for mobile application.

I. INTRODUCTION

Compression and interpolation are used in a variety of video
devices such as mobile camera phones, digital cameras, and
TV sets [1]. These devices use compressed video data;
therefore, in order to display the compressed data, they should
use interpolation to generate the missing data. For a higher data
compression ratio, more visual artifacts are generated due to
quantization and truncation errors involved in interpolation.
We focus on the ringing artifacts of some visual artifacts.
Ringing artifacts are generated due to noise yielded by the
boosted high-frequency components. We observe an
International Organization for Standardization (ISO) resolution
chart image with ringing artifacts; this image was taken by a
mobile phone camera with a CMOS sensor module with the
Bayer pattern. Since each pixel of the image through the Bayer
pattern has only one of the three colors, we use color
interpolation to generate the missing color data. This is when
ringing artifacts are generated. Therefore, this paper presents
an ringing artifacts removing algorithm and a system called
Advanced Detail ENhancement (4DEN)

II. PROPOSED ALGORITHM

ADEN is based on a block structure and on 24 bits of RGB
data. The block size is 16 x 16 pixels. For each block of the
image, we set two representative colors by the K-means
algorithm which is clustering objects based on attributes into K
mutually exclusive partitions (K, positive integer) [2].

In order to handle the algorithm, we first decide the number
of clusters, which is denoted by K. Assume a point in a cluster
as the center. We calculate the distances between the assumed
center and all objects. The objects that are the closest to a
particularly assumed center are grouped into one cluster. In the
next step, all of the distances in each cluster are iteratively
summed to obtain a new center in each cluster. The
optimization process involves the determination of a center
such that the smallest sum is produced; this is the final point in
each cluster. However, too many iterations are required in the
abovementioned K-means process to determine each final
point. Therefore, we propose a modified K-means algorithm
that will be used in ADEN. There are two modifications made
to the K-means algorithm. One is that the number of clusters is
two (K = 2). The other is that the number of iterations is
limited to only one [3]. Figure 1 shows the modified K-means
algorithm on three-dimensional RGB spaces.
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Figure 1. Diagram of the modified K-means algorithm

In Fig. 1(a), we select two pixels having maximum and
minimum values of luminance among all of the pixels in the
block. We know that (D is the pixel with the maximum value
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of luminance and @ is the pixel with the minimum value of
luminance in the pixel distribution. For the modified K-means
algorithm, we consider the 1) and @ as the initial points,
Y Max and Y_Min.

In Fig. 1(b), we divide the pixel distribution into two parts
far and close by the halfway line and define two clusters, CI
and C2. Eq. (1) groups all the pixels in each block into CI or
C2 by comparing the distance between each pixel and the
initial points and summing up the value for each pixel.

if (dist, , <=dist, ;)
Lrp =trp, + R, t,gp, =1,8p,+G,;
t,bp, =tbp,+B,; N, ++;
(1)
trp,=trp,+R,; t,gp, =1,gp,+G,;
tbp, =t,bp,+ B, ; N, ++;

else

in?

where dist; ; is the distance between ¥ _Max and all pixels,
while dist, ; is the distance between ¥_Min and all pixels. R;,,
G;, and B;, denote the component values of each pixel in the
pixel distribution. t;rp;, t;gp; and t;bp; are the accumulated
values of the RGB pixels and N;; is the number of pixels in the
C1 area. t;rp;, t;gp, and t;bp; are the accumulated values of the
RGB pixels and Ny, is the number of pixels in the C2 area. We
define two representative colors as follows:

Reng =(tp,/ N, t,gp,/ N, t,bp,/ N,))
Rep, , =(t,/p,/ Ny, 1,8p,/ N, t,bp, I N,,)

@
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where Rep, ; and Rep, ; denote the average values and are
indicated by 3 and @ in Fig. 1(b).

In Fig. 1(c), we update the representative colors by using the
limited distance and dot-product to compensate for the weak
points caused by the two modifications. We define two spheres
S1 and S2 and two bars BI and B2 that are centered at Rep, ;
and Rep; ,, respectively. We now assign the limited distance
by considering a sphere whose radius is one-fourth of the
distance between Rep, ;and Rep, ;. The dot product is defined
as follows:

aeb = |a||b| cos @ 4)

where a and b denote the magnitude of a and b, and @ is the
angle between a and b. When the cosine values are less than
zero (dot-product < 0), the angles range from 7/2 to 37/2. We
define dotproduct; ; and dotproduct; ; as follows:

dOtPVOdquU =((R,,G,,.B,)— RePzJ) d (RepLz - RQPZJ) (5)

Q)

dotproductU =((R,.G,.B,)— RepU) ° (RepU — RepU)

Egs. (7) and (8) group all pixels in each block into two
clusters on the basis of either limited distance or dot product.

Using the dot product, we can obtain the pixel locations in the
outer region between BI and B2. Further, we can select pixels
within the spheres S7 and $2 using limited distance. We define
two clusters C3 and C4 in Fig. 1(c).

if ((dist; , <= limitdist) || (dotproduct; , <=0))
Lp, =trp,+ R, 1,8p, =1,8p,+G,,;

. ) (7
t,bp, =t,bp,+ B,;N,, ++;
else "idle"
if ((dist; , <= limitdist) || (dotproduct; , <=0))
LIp, =trp, + R, 1,8p, =1,8p, + G5 ®)

t,bp, =t,bp,+ B, ;N,, ++;
else "idle"
where dist; ; is the distance between Rep, ; and all pixels,
while dist; , is the distance between Rep; , and all pixels.
limitdist indicates the radii of two spheres S7 and S2. t,rp;,
t,gp; and 6bp; are the accumulated values of the RGB pixels
and N,; is the number of pixels in the C3 area. t,rp;, t,gp; and
t;bp, are the accumulated values of the RGB pixels and N,; is
the number of pixels in the C4 area. We define two updated
representative colors as follows:

Rep; =(t,rp,/ N, 1,8,/ N,,, t,bp,/ N,;) 9
Rep; , = (70, I N,y 1,8p, I Ny, 1,6p, /' N,,) (10)

where Rep; ; and Rep; ; denote the average values and are
indicated by &) and ® in Fig. 1(c).

We can eliminate the ringing artifacts in the image by using
Interval and Approach. In Eq. (11), Interval is defined as the
difference between the values of the representative colors and
the values of all the pixels in the block. It accumulates all the
difference values (Interval) of each RGB wvalue. The
accumulated value is denoted by Acc_interval for later use.

Interval =|R, — Ry, |+|G,, = Grps .| +|B, = Bryo | (11)

where Rgep: i, Grep2 i» and Bgey, ; with i = 1 or 2 denote the
component values of the representative colors of the pixels
given by Eq. (1). We define Approach as follows:

(Kn - R&pZﬁ] )2 +(Gm - GRe]72il )2 +(Bin - BRq)Zﬁ] )2

Approach= 12
R, Ry 1) +(Gy -Gy (B, Bagy )

In Fig. 1(d), we calculate new RGB values by using Egs.
(11) and (12). Egs. (13)-(15) show the final RGB values
obtained by using the proposed method.

1- Approach
Ry poa = R, +hx——PPROC s (p R (13)

Acc _interval



1- Approach

G G, +kx -G,)

in_mod —

X (Greps i (14)

Acc _interval

1- Approach

B =B, +kx X (Breps i = B)

(15)

in_mod

Acc _interval

where £k is a constant and R;, ...« indicates the final R value.
Moreover, Giy moq and By, 04 are obtained in a similar manner.
Rgeps i» Greps i and Bpey3 ; with i = I or 2 denote the component
values of updated representative colors of the pixels as given
in Egs. (7) and (8). We then shift all the pixels of each block
to the closer of the two updated representative colors inversely
proportional to the distance between each wupdated
representative color and each pixel. In this manner, we can
eliminate the ringing artifacts.

I11. ARCHITECTURE

We present a system based on ADEN. Figure 2 shows the
block diagram of ADEN.

ADEN
Y in 8§ _R, ﬁ. _R. i{, 8 Y_out
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Figure 2. Block diagram of ADEN

The proposed system consists of five parts. Since the mobile
application output is based on YCbCr samples for a 4:2:2
format, the bit width of the input and output signals used in the
hardware is 16 bits. However, 24-bit RGB data is transferred
over the inner blocks. Two blocks, YCbCr2RGB and
RGB2YCbCr, are included to provided an environment that is
compatible with the input and output signals. In the
YCbCr2RGB block, 4:2:2 YCbCr data is first converted to
4:4:4 YCbCr by using interpolation to generate the missing Cb
and Cr samples [4]. Secondly, the YCbCr color space is
converted into an RGB color space. On the other hand, the
RGB2YCbCr block follows a reverse order.

A general method to transfer image is as follows: we start at
the top left corner of the image, move towards the right edge of
the image, after which we move down one line. However, the
proposed algorithm is based on block structure. The block
line2blk stores the image data in the Memory1; this image data
is for a 16 x 16 pixel image with 24 bits of RGB data per pixel.
The data is then transferred to the block CRIN. The Hanning
block restores the data of the 16 x 16 pixel image with 24 bits
of RGB data per pixel in the form of lines by storing the block
data in Memory3.

In the CRIN block, the modified K-means algorithm requires
a set of four processing steps connected in series. This
architecture requires that the output of the front step is the

input of the next step. Since the amount of data processed in
the modified K-means algorithm is four times that processed in
the original algorithm, the pipeline architecture is used in this
block to allow the parallel execution of four consecutive steps.
Figure 3 shows the block diagram of CRIN.
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Figure 3. Block diagram of CRIN

The CRIN block consists of six parts. Since this block
utilizes pipeline architecture, four Memory2 blocks are used.
The CRIN cont block generates the signals that decide the
order in which the memories can be accessed and store initial
points, representative colors, updated representative colors
and etc. for consecutive processing. The Firstparsing block
selects two pixels with maximum and minimum luminance to
define representative colors as shown in Fig. 1(a). The
Secondparsing block finds the representative colors by
modified K-means algorithm with K=2 and with one iteration
as shown in Fig. 1(b). The Thirdparsing block updates
representative colors by using dot-product and limited distance,
as shown in Fig. 1(c). The Makegauge block calculates
Interval and Approach. The Shifting block calculates new
RGB values to shift the closer of the two wupdated
representative colors, inversely proportional to the distance as
Fig. 1(d) [5].

The proposed system is designed by using Verilog-HDL
models and is verified by using the Synopsys simulator. The
models are synthesized into gates to observe the hardware
complexity by using the Synopsys synthesizer with the TSMC
0.25-pum ASIC library.

TABLE I
SYSTEM GATE COUNT
Block Gate Count Min Timing[MHz]
YCbCr2RGB 5,224 57.33
Line2Blk 5,298 85.98
CRIN 72,107 42.08
Hanning 12,672 43.78
RGB2YCbCr 4,785 55.55
Memory1 98,304 byte
Memory2 3,200 byte
Memory3 123,840 byte
Logic Total 100,086 43.1
Used Memory 225,344 byte




Iv. EXPERIMENTAL RESULTS

For performance of the proposed system, experiments were
executed with the ISO resolution chart, as shown in Fig. 4. We
took the original image inputted as Bayer pattern from a
camera of mobile phone using the CMOS sensor module.
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Figure 4. Experimental Result

Figures 4(a) and (c) were obtained without ADEN process.
The red value shown in Fig. 4(c) is approximately between 0
and 230. However, we are able to discover positive overshoots
and undershoots painted as a round around edges. Figure 4(b)
shows the portion of resultant image by ADEN process. We
are not able to perceive that circumference of the letters in Fig.
4(b) is more clear and explicit than the image in Fig. 4(a), but
the over and undershoots are also removed as shown in Fig.
4(d). The over and undershoots are the principal factor of
ringing artifacts, hence they ought to be eliminated for a vivid
image.

Figure 5 shown below is PCB demonstration board for
verification of this system [6]. The image data is processed by
Xilinx FPGA VirtexIl XCV6000 device after the CMOS

sensor stores the real image data to the Frame Memory, and the
processed data is then transferred to the display device by
using the USB Output.

Figure 5. PCB demonstration board

V. CONCLUSIONS

In this paper, we have proposed an ADEN system that can
be applied to mobile application camera. The ADEN system
operates on a block structure with 24-bit RGB data. The block
size is 16 x 16 pixels. First, two representative colors have
been generated by the modified K-means algorithm on each
block of the image. Secondly, the representative colors are
updated by using dot-product and limited distance. Finally, this
system eliminates ringing artifacts by moving all pixels of the
block to the closer updated representative color. The ability of
the proposed system was shown in Fig. 4.

Since we have verified the feasibility of this system for a
processed image with ringing artifacts, we can conclude that
the proposed ADEN system can be used in any mobile
application camera.

ACKNOWLEDGMENT

The authors wish to thank the IDEC for its software
assistance.

REFERENCES

[1] H. S. Kong, V. A., Huifang Sun, “Edge map guided adaptive post-filter
for blocking and ringing artifacts removal,” Circuits and Systems,
ISCAS2004, vol. 3, pp. 929-932, May, 2004.

[2] D. Charalampidis, “A modified k-means algorithm for circular invariant
clustering,” IEEE Trans. Pattern Analysis and Machine Intelligence, vol.
27, no. 12, pp. 1856-1865, Feb. 2005.

[3] J.Kim, W. Jang, B. Kwak, S. Kim, and B. Kang, “A New Image-scaling
Algorithm Eradicating Blurring and Ringing to Apply to Camera
Phones,” 2007 International Conference on Consumer Electronics, pp.
5.4-1, Jan. 2007.

[4] K. Jack, Video Demystified: A Handbook for the Digital Engineer,
HighText Pub., 1996.

[5] J. Kim, Design of Smart Zoom System with Boost-up Filter and ADEN
Algorithm, Ph.D. Thesis, Dong-A University, Busan, Korea, Dec. 2006.

[6] J.Kim, J. Park, W. Choi, B. Kang, “Implementation of Advanced Image
Scaler for Mobile Device by the effective of group delay,” The Korea
Institute of Signal Processing and Systems, vol. 8, no. 3, pp. 163-170, Jul.
2007.


http://www.ieeexplore.ieee.org/xpl/RecentCon.jsp?punumber=9255
http://www.ieeexplore.ieee.org/xpl/RecentCon.jsp?punumber=9255


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /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 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /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 true
  /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
    /Algerian
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BaskOldFace
    /Batang
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CooperBlack
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FootlightMTLight
    /FreestyleScript-Regular
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /InformalRoman-Regular
    /Jokerman-Regular
    /JuiceITC-Regular
    /KristenITC-Regular
    /KuenstlerScript-Black
    /KuenstlerScript-Medium
    /KuenstlerScript-TwoBold
    /KunstlerScript
    /LatinWide
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSansUnicode
    /Magneto-Bold
    /MaturaMTScriptCapitals
    /MediciScriptLTStd
    /MicrosoftSansSerif
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MS-Mincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NuptialScript
    /OldEnglishTextMT
    /Onyx
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Parchment-Regular
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /Ravie
    /ShowcardGothic-Reg
    /SimSun
    /SnapITC-Regular
    /Stencil
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanMTStd
    /TimesNewRomanMTStd-Bold
    /TimesNewRomanMTStd-BoldCond
    /TimesNewRomanMTStd-BoldIt
    /TimesNewRomanMTStd-Cond
    /TimesNewRomanMTStd-CondIt
    /TimesNewRomanMTStd-Italic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZapfChanceryStd-Demi
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /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 150
  /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 1200
  /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

  /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 "Recommended"  settings for PDF Specification 4.0)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


