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Abstract—Shell clustering methods partition data sets into
several shell-shape clusters by extracting local circles or el-
lipses as prototypes of clusters. This paper proposes hard c-
regression models (HCRMs) for shell clustering. The procedure
is a defuzzified switching regression models. HCRMs successfully
detect ellipses by using random initializations. We report the
performance using 20 data sets each of which consists of two
ellipses. The detection time on average is 14 milliseconds on DELL
PRECISION T5400 3.16GHz.
Index Terms—ellipse detection, clustering, switching regres-

sion, random initializations.

I. INTRODUCTION
Figs. 1-2 illustrates an application of ellipse detection,

where a robot grasps a saucer placed upside-down. First, Sobel
edge detection method is applied on the gray scale image.
Then the coordinate of pixels on the edges are picked by
thresholding the gray scale values and thinned by sampling
every 10 points. The data set consisted of the coordinate of
points on edge is used for ellipse detection. The robot can
know the relative position of the saucer precisely and can grasp
it correctly, since the mathematical formula of the ellipses are
obtained.
A standard method of detecting ellipses is the Hough

transform (HT). The Hough transform extracts geometrical
parameters of an image and maps them into the Hough domain.
Standard HT, however, is not really used for fast ellipse
detection since it requires a lot of computational processing.
An ellipse has five parameters and requires intensive memory.
The 5-dimensional parameter space is decomposed into

several subspaces of fewer dimensions via parallel edge points
in [3]. A multistage HT approach using the polar and pole
definition of ellipses has been proposed in [4]. Ellipses were
extracted by relating local geometric features of a parametric
representation to the local features in an image in [5]. In
[6] a global geometric symmetry method was utilized to
locate the centers of ellipses and circles and then used the
accumulative concept of the Hough transform to extract all
ellipses and circles in an image. Another HT variant is the
Randomized Hough Transform (RHT) [7] which is well-suited
to ellipse detection due to its lessened usage of memory and
fast processing characteristic as proposed in [8].
Some non-Hough transform methods were also proposed

for detecting ellipses. Dave [9] used the fuzzy c-shells to
detect circles and ellipses. Shell clustering methods divide
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Fig. 1. Detecting saucer placed upside-down

data into clusters, each one representing a circle or an ellipse.
Fuzzy c-Shells (FCS) [9] and Adaptive Fuzzy c-Shells (AFCS)
[10] are represented by a prototype of nonlinear function;
FCS is effective for dividing data into circle clusters and into
ellipse clusters. However for each iteration, it is necessary
to solve a set of nonlinear equations, so there is a problem
in terms of complexity. R. Krishnapuram’s Fuzzy c-Spherical
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Fig. 2. Robot grasps the saucer

Shells (FCSS) [11] improves the computational efficiency by
calculating prototypes analytically with ”algebraical” distance.
Fuzzy c-Quadratic Shells (FCQS) adopts quadratic polynomial
as a distance function, and extracts clusters in the shape of
ellipsoid, hyperbola, and parabola. Probabilistic approach for
FCQS and robust FCQS which are less affected by noise also
have been studied [12], [13], [14]. FCV-based robust shell
clustering is proposed but there are problems in terms of
computational time [15].
For improving computational time and detection accuracy,

we defuzzify fuzzy c-regression models (FCRM) [16] and
formulate hard c-regression models (HCRMs). Hence, the first
half of our approach can be regarded as one of the switching
regression models [1], [2] on an extended high dimensional
space. The approach is based on an objective function. The
procedure is repetitive and the termination condition by using
another error evaluation function is adopted.
HCRMs quickly extract circles or ellipses by repeating

random initializations. We test the performance using 20 data
sets and report that the detection time on average is 14
milliseconds.

II. SHELL CLUSTERING WITH HARD c-REGRESSION
MODELS

Fuzzy c-regression models (FCRM) regards c-regression
equations as clustering prototypes. In this section, we formu-
late the methods which capture nonlinear structures of data
sets efficiently by applying hard clustering to FCRM.
Two dimensional data (i.e., points on a plane), each of

which is written as xk = (xk1, xk2)�, are extended as:

x∗k = (xk1, xk2, xk1
2, xk2

2, xk1xk2)�

k = 1, · · · , n, (1)

where x∗k denotes the vector of dependent variables. We min-
imize the squared errors of the following regression equation

so that zki is as close to 1 as possible.

zki = ai1xk1 + ai2xk2 + ai3xk1
2

+ ai4xk2
2 + ai5xk1xk2

= x∗�k ai (2)
ai = (ai1, ai2, ai3, ai4, ai5)�,

where i denotes the cluster number ( i = 1, · · · , c ). (2)
represents an ellipse when zki is a positive constant. We choose
ai such that zki are all close to a constant value. The constant
value can be 1, and the squared error between 1 and zki is
defined as:

d2
ki = (ai1xk1 + ai2xk2 + ai3xk1

2

+ ai4xk2
2 + ai5xk1xk2 − 1)2

= (x∗kai − 1)2 (3)

and the objective function is defined as:

L =
c∑

i=1

n∑
k=1

ukid
2
ki. (4)

uki ∈ [0, 1] is the membership and 1 or 0 is assigned to
uki, since L is linear with respect to uki. For updating uki,
following rule is adopted.

uki =

{
1 (i = arg min

1≤j≤c
d2

kj),

0 (otherwise).
(5)

Regression coefficient ai is the least squares estimator of the
following simultaneous equations.⎡

⎢⎢⎢⎣
u1ix∗�1 ai

u2ix∗�2 ai

...
unix∗�n ai

⎤
⎥⎥⎥⎦ =

⎡
⎢⎢⎢⎣

u1i

u2i

...
uni

⎤
⎥⎥⎥⎦ . (6)

Let us rewrite (6) as:

Xai = ui. (7)

Then, ai is computed with singular value decomposition

X = ZΛP�, (8)

where Z is an n × 5 matrix, Λ is the diagonal matrix of
singular values λj , j = 1, ..., 5, and P� denotes the transpose
of P , an 5 × 5 matrix. Column vectors of Z and P are all
length 1.
By using the pseudoinverse, the solution becomes:

ai = PΛ+Z�ui, (9)

where Λ+ is a inverse of Λ and 1/λj is replaced by zero
when λj = 0. This solution procedure is embedded by certain
programming languages, such as Matlab.
As ai and uki are updated repeatedly, the above mentioned

regression method can be seen as one of the switching regres-
sion models [1], [2]. In our proposed method, initial values of
ai are given randomly and then the initial membership values
are calculated. We choose ai which minimize the objective
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function L. But, for example, for data set 4 in Fig. 3, L often
becomes smaller when the detection is false than when the
detection is correct. So, we repeatedly change initial values
until the following evaluation function E becomes less than a
given threshold e.

E =
c∑

i=1

(
n∑

k=1

ukiβki | xk − vi | /
n∑

k=1

uki

)
(10)

vi is a center and | · | denotes the Euclidean distance. βki is
calculated such that yk is the projection of xk on the oval.

yk = xk + βki(xk − vi) (11)
y∗�k ai = 1,

where y∗k are extended 5 dimensional data of yk. The smallest
absolute value of βki is chosen.
The procedure is repeated to a maximum of r-times if the

condition E < e is not met, then ai which minimizes E is
chosen.
The detection algorithm using the above mentioned update

rules is as follows.
1. Extend xk to x∗k.
2. Initialize regression coefficients ai randomly.
3. Compute the errors by (3).
4. Update the membership value uki by (5).
5. Update ai by (6).
6. If the change in the objective function values (4)

becomes small enough (|Lold −Lnew| < 10−7), then
go to 7, else go to 3.

7. Compute evaluation function (10) for detecting el-
lipses.

8. If repetition time is less than r and E > e , then go
to 2, else go to 9.

9. Select ai which minimizes the evaluation function
(10).

In the next section we set as r = 200 and e = 0.02.

III. DETECTION PERFORMANCE
To evaluate the effectiveness of the proposed method,

experiments were conducted using the 20 different data sets
shown in Figs. 3-4. Table II-I shows the results. Initial values
of ai are given as:

a1 = (2.10561.3352 − 1.6725 − 1.6585 − 0.1724) × 1.1
+ (rand − 0.5) × 2

a2 = (2.10561.3352 − 1.6725 − 1.6585 − 0.1724) × 1.8
+ (rand − 0.5) × 2

where rand denotes a vector of uniform random numbers
rand ∈ [0, 1]. The program stops when E in (10) is less than
0.02.
Each data set is tested 10 times and values of E, detection

times and the number of repetitions (i.e., the numbers of
initializations of ai until E < 0.02 is satisfied) are given
in Tables II-III. In all cases, the algorithm terminated before

TABLE I
DETECTION TIME ON ALL DATA SET

E time (s) repetitions (initializations)
Max 0.0197 0.155 155
Mean 0.0139 0.014 11.2
Min 0.0075 0.002 1

reaching the final termination condition (r = 200). For Data
set 1, E=0.0107 is attained in 18 milliseconds on average. The
detected ellipses are shown in Fig. 3 upper left. For example,
the maximum detection time for Data set 10 is 6 milliseconds,
the mean time is 4 milliseconds and the minimum time is 3
milliseconds. Table I shows the results on all data sets. The
mean detection time on all the data sets is 14 milliseconds.
Experiments are performed on DELL PRECISION T5400
3.16GHz 4GB.
The methods based on Hough transform are most popular

for ellipse detection. By comparison, the time for detecting
two ellipses by Hough-based ellipse detection algorithm is
about 1500 seconds and that of Randomized Hough Transform
is about 15 seconds [8]. 10% detection error at minimum is
reported in [8].

IV. CONCLUSION
The shell clustering method in this paper is based on the

hard c-regression models with random initializations. An addi-
tional evaluation function is used for terminating the repetitive
algorithm. With this enhancement, HCRM accurately detects
circles or ellipses very quickly.
Our possible future work includes setting more effective

initial random values, coping with a large number of clusters,
and robustizing the method by using the noise clustering
approach [17].

REFERENCES
[1] S. M. Goldfeld and R. E. Quandt, “Techniques for estimating switching

regressions,” Studies in Nonlinear Estimation (eds. by S. M. Goldfeld and
R. E. Quandt), pp. 3-35, Ballinger, Cambridge, Massachusetts, 1976.

[2] R. E. Quandt, “A new approach to estimating switching regressions,”
Journal of American Statistical Association, vol. 67, pp. 306-310, 1972.

[3] K. K. R. Yip, K. S. P. Tam and N. K. D. Leung, “Modification of Hough
transform for circles and ellipses detection using a 2-dimensional array,”
Pattern Recognition, vol. 25, pp. 1007-1022, 1992.

[4] J. H. Yoo and I. K. Sethi, “An ellipse detection method from the polar
and pole definition of conics,” Pattern Recognition, vol. 26, pp. 307-315,
1993.

[5] A. S. Aguado, M. E. Montiel and M. S. Nixon, , “Ellipse detection via
gradient direction in the Hough transform,” Proceedings of 5th IEEE
International Conference on Image Processing and its Applications,
Edinburgh, UK, pp. 375-378, 1995.

[6] C. T. Ho, and L. H. Chen, “A fast ellipse/circle detector using geometry
symmetry,” Pattern Recognition, vol. 28, no. 1, pp. 117-124, 1995.

[7] P. Kultanen, L. Xu, and E. Oja, “Randomized hough transform (rht),” In
Proc., 10th Int’l Conf. Pattern Recognition, vol. 1, pp. 631-635, 1990.

[8] R. A. McLaughlin, “Randomized hough tranform: Improved ellipse
detection with comparison,” Pattern Recognition Letters, vol. 19, no.
3-4, pp.299-305, 1998.

[9] R. N. Dave, “Fuzzy shell-clustering and application to circle detection
in digital images,” Int. J.Gen. syst., vol.16, pp.343-355, 1990.

398



TABLE II
DETECTION TIME ON DATA SETS 1 - 10

data set 1
E time (s) repetitions (initializations)

Max 0.0107 0.043 16
Mean 0.0107 0.018 6.4
Min 0.0107 0.003 1

data set 2
E time (s) repetitions (initializations)

Max 0.0168 0.155 110
Mean 0.0142 0.041 26.8
Min 0.0118 0.006 2

data set 3
E time (s) repetitions (initializations)

Max 0.0197 0.070 70
Mean 0.0197 0.022 20.8
Min 0.0197 0.002 1

data set 4
E time (s) repetitions (initializations)

Max 0.0138 0.015 16
Mean 0.0138 0.005 5.3
Min 0.0138 0.002 1

data set 5
E time (s) repetitions (initializations)

Max 0.0122 0.018 21
Mean 0.0121 0.004 4.0
Min 0.0121 0.002 1

data set 6
E time (s) repetitions (initializations)

Max 0.0158 0.154 155
Mean 0.0158 0.074 74.0
Min 0.0158 0.007 5

data set 7
E time (s) repetitions (initializations)

Max 0.0188 0.045 51
Mean 0.0188 0.017 18.4
Min 0.0186 0.004 2

data set 8
E time (s) repetitions (initializations)

Max 0.0192 0.032 17
Mean 0.0188 0.011 5.9
Min 0.0185 0.003 1

data set 9
E time (s) repetitions (initializations)

Max 0.0196 0.035 31
Mean 0.0148 0.014 11.8
Min 0.0095 0.003 1

data set 10
E time (s) repetitions (initializations)

Max 0.0116 0.006 5
Mean 0.0115 0.004 2.5
Min 0.0110 0.003 1

TABLE III
DETECTION TIME ON DATA SETS 11 - 20

data set 11
E time (s) repetitions (initializations)

Max 0.0100 0.028 2
Mean 0.0098 0.006 1.2
Min 0.0095 0.003 1

data set 12
E time (s) repetitions (initializations)

Max 0.0125 0.042 31
Mean 0.0125 0.012 7.0
Min 0.0125 0.003 1

data set 13
E time (s) repetitions (initializations)

Max 0.0075 0.025 15.0
Mean 0.0075 0.008 3.7
Min 0.0075 0.003 1

data set 14
E time (s) repetitions (initializations)

Max 0.0115 0.004 4.0
Mean 0.0115 0.002 1.5
Min 0.0115 0.002 1

data set 15
E time (s) repetitions (initializations)

Max 0.0166 0.030 25
Mean 0.0166 0.010 7.1
Min 0.0166 0.003 1

data set 16
E time (s) repetitions (initializations)

Max 0.0126 0.075 38
Mean 0.0126 0.016 10.4
Min 0.0126 0.002 1

data set 17
E time (s) repetitions (initializations)

Max 0.0125 0.007 5
Mean 0.0125 0.004 2.7
Min 0.0125 0.003 1

data set 18
E time (s) repetitions (initializations)

Max 0.0135 0.007 5
Mean 0.0135 0.004 2.5
Min 0.0135 0.002 1

data set 19
E time (s) repetitions (initializations)

Max 0.0122 0.048 5
Mean 0.0122 0.008 1.9
Min 0.0122 0.002 1

data set 20
E time (s) repetitions (initializations)

Max 0.0187 0.023 24
Mean 0.0187 0.010 10.1
Min 0.0187 0.005 3

399



[10] R. N. Dave and K. Bhaswan, “Adaptive fuzzy C-shells clustering and
detection of ellipses,” IEEE Trans. on Neural Networks, vol.3, No.5,
pp.643-662, 1992.

[11] R. Krishnapuram, O. Nasraoui and H. Frigui, “The fuzzy C spherical
shells algorithms: A new approach,” IEEE Trans. on Neural Networks,
vol.3, no.5, pp.663-671, 1992.

[12] R. Krishnapuram, H. Frigui and O. Nasraoui, “Quadric shell clustering
algorithms and the detection of second degree curves,” Pattern Recog-
nitionLett, vol.14, no.7, pp.545-552, 1993.

[13] R. Krishnapuram, H. Frigui and O. Nasraoui, “Fuzzy and possiblistic
shell clustering algorithms and their application to boundary detection
and surface approximation - partI,” IEEE Trans. on Fuzzy systems, vol.3,
no.1, pp.29-43, 1995.

[14] R. Krishnapuram, H. Frigui and O. Nasraoui, “Fuzzy and possiblistic
shell clustering algorithms and their application to boundary detection
and surface approximation - partII,” IEEE Trans. on Fuzzy systems, vol.3,
no.1, pp.44-60, 1995.

[15] K. Honda, N. Togo, H. Ichihashi, “Generalization of FCV and robust
shell clustering based on least absolute deviations,” Journal of Japan
Society for Fuzzy Theory and Intelligent informatics, Vol.15, No.6,
pp.693-701, 2003.

[16] R. Hathaway and J. Bezdek, “Switching regression model and fuzzy
clustering,” IEEE Trans. on Fuzzy systems, vol. 1, pp. 195-204, 1993.

[17] R. N. Dave, “Characterization and detection of noise in clustering,”
Pattern Recognition Letters, vol.12, pp. 657-664, 1991.

400



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks true
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo true
      /AddRegMarks true
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName (Japan Color 2001 Coated)
      /DestinationProfileSelector /WorkingCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 400
        /LineArtTextResolution 1200
        /PresetName <FEFF005B9AD889E367905EA6005D>
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 0
      /MarksWeight 0.283460
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /JapaneseWithCircle
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed true
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


