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ABSTRACT

Recently, many efforts have concentrated on finding
efficient content based retrieval methods of 3D objects. In
this paper, we proposed a new retrieval method. The
method is constructed on a shape descriptor based on
continuous spherical wavelet transform.

Continuous 2D wavelet transform has extinct advantages
in content based image retrieval. The continuous wavelet
transform can be extended from two dimensions to more
dimensions, for example, spherical space, with the same
properties. As a natural extension, continuous spherical
wavelet transform can realize a spherical analysis.
Therefore, we map a shape into a unit sphere by spherical
parameterization, followed by continuous spherical wavelet
transform of the spherical function. This method is our
contribution. The result of the transform can be as a new
descriptor and be used to match the dissimilarity of two
shapes. We have examined our method on a small database
of general objects and it is confirmed to be efficient.
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1. Introduction

With the recent rapidly increasing of 3D data in many
applications, such as computer games, computer aided
design, VR environments, biology, e-business, etc., 3D
shape data retrieval and reutilization of them becomes more
important.

Accordingly, there is an increasing need for computer
algorithms to help people find their interesting 3D shape
data and discover relationships between them. Recently,
many efforts have concentrated on researching techniques
for efficient content based retrieval of 3D objects [1].

The key of a content based retrieval is to develop a
descriptor capturing the main feature of 3D objects, because
3D shapes can be discriminated by measuring and
comparing their features. A descriptor is a d-dimensional
vector of values, and as for all the 3D shapes, the dimension
d is fixed. In the d-dimensional space, if two vectors are
close, two shapes are considered to be similar.

Because 3D model retrieval has some similar characters
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with image retrieval, many 3D model retrieval methods

become an extension from image retrieval methods.

Wavelet theory has greatly developed in computer graphics.

Continuous 2D wavelet transform plays an important role in

image analysis and retrieval [21, 23]. The continuous

wavelet transform can be extended from two dimensions to
more dimensions, for example, spherical space, with the
same properties. As a natural extension, continuous
spherical wavelet transform can realize a spherical analysis.

In this paper we present a 3D content based retrieval
method relying on a shape descriptor based on continuous
spherical wavelet transform. The shape descriptor is
computed as the following:

1. Pose estimation: Translate the centroid of all the
models into the origin of the coordinate system and use
the Principal Component Analysis (PCA) method to
get the rotation invariant dissimilarity measures.

2. Spherical parameterization: A cluster of rays are cast
from the centroid of the model, and intersect with
surfaces of the model. A spherical function can be
defined by the distances of the farthest intersections
from the centroid of the model as a function of latitude
and longitude.

3. Continuous Spherical Wavelet Transform: Perform the
Continuous Spherical Wavelet Transform (CSWT) of
the spherical function according to CSWT theory
introduced by J-P Antoine[2]. To our knowledge, this
theory has not been applied to the content based
retrieval of 3D objects so far.

4. Descriptor: The result of the continuous spherical
wavelet transform is used as a shape descriptor. The
features of models are compared with the shape
descriptors.

We apply our method to a small database of general
objects collected from free Princeton Shape Benchmark
Database [3]. This method is confirmed to be efficient.

The outline of the rest of the paper is as follows: in the
next section we shortly review the previous work in 3D
model retrieval and relevant spherical wavelet theory. In
section 3 we present a general theoretical framework for the
new shape descriptor based on continuous spherical wavelet
transform. We put emphasis on the analysis of the
continuous spherical wavelet transform. Section 4 shows
the new shape descriptor and gives a computation method
of the descriptor. In Section 5 we present our experimental
results and conclude in Section 6.
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2. Previous Work

In this section, we will discuss the latest 3D retrieval
methods and divide them into two main categories of shape
matching, feature distribution and shape descriptors. Finally,
we will introduce the relevant development of spherical
wavelet theory.

2.1 Feature distribution

It is easy and fast to compare feature distributions of
models, and it does not need any normalization of a 3D
mesh-model.

Osada et al. [5] match 3D models with shape distribution.
The key idea of this method is to present the signature of an
object as a shape distribution sampled from a shape
function measuring global geometric properties of an object.
X.Liu et al. [6] utilize the directional histogram model to
characterize 3D shapes. The shape can be described by the
thickness distribution in the directions per latitude and
longitude. Ohbuchi et al. [7] construct the shape histograms
using the moment of inertia about the principal axes of the
model.

All the feature distribution methods have a common
limitation that these methods can only catch the similar
gross shape properties and be powerless to catch the
detailed shape properties. The following shape descriptors
improved it.

2.2 Shape descriptors

It is considered to be a good solution that the shape is
mapped into a sphere with center at the origin, and the
shape can be represented by a spherical function, and then,
the function can be easily analyzed in a spherical space. In
this point, it is similar to our shape descriptor.

As a representative example, spherical harmonics is
applied in a large field such as earth physics, image analysis,
biology, and so on. The theory of spherical harmonics is
analyzed and interpreted by D. Healy in [8]. It is firstly
introduced in the 3D model retrieval by D. V. Vranic in [9].
Funkhouser et al. [10] profit from the invariance properties
of spherical harmonics and present an affine invariant
descriptor based on spherical harmonics. D. Saupe [11]
constructed moment-based descriptor by representing a
spherical function using spherical harmonics.

The feature extraction is performed using a rendered
perspective projection of the object on an enclosing sphere
in [12]. It is considered as a shading-based shape descriptor.

Novotni and Klein [13] present a so-called 3D Zernike
descriptor by computing 3D Zernike descriptors from
voxelized models as natural extensions of spherical
harmonics based descriptors.

2.3 Development of spherical wavelet theory

In the last several years, wavelet analysis has been
proven useful in many applications. Many efforts have been
put into extending wavelets to the unit sphere. Several
wavelet transforms on the sphere have been proposed.

Schroder and Sweldens [14] have developed a discrete
orthogonal wavelet transform on the sphere. Hamid [22]
developed a 3D models retrieval method based on this
theory. This discrete orthogonal wavelet transform has a
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fast speed, however, it is based on the Haar wavelet
function which then suffers from the poor properties of the
Haar function and the problems inherent to the orthogonal
decomposition according to [15].

Recently, a new consistent and satisfactory framework
for spherical wavelets have been proposed by J-P Antoine
[2]. This framework differs entirely from the discrete
wavelet transform. In this framework, a ‘“continuous”
wavelet transform on the 2-sphere has been firstly
introduced, using group theoretic principles and the general
construction of coherent states on manifolds developed in
[16].

We firstly introduce this continuous spherical wavelet
transform into shape retrieval.

3. Theory Analysis of Continuous Spherical
Wavelet Transform

3.1 Definition

To carry out a wavelet analysis of spherical function on a
unit sphere, Euclidean wavelet analysis must be extended to
spherical wavelet. We refer to the CSWT constructed by J-P.
Antoine & L.Demanet [4]. This CSWT is based on a group
theoretical approach produced by J-P. Antoine and P.Vander
gheynst [2], and constructed on the general construction of
coherent states on manifolds developed by S.T. Ali [16].

Constructing a wavelet analysis on the sphere is similar
to the construction of Euclidean planar wavelet analysis.
Euclidean motions and dilations of mother wavelet are
extended to spherical circumstance.

For extending Euclidean motions into a sphere, it is
reasonable to consider the rotations as the motions on a
sphere. The rotations are defined by the elements of the
Rotation Group SO(3) , and motions are realized by

rotations peSOB3) . A function is defined on a
2-sphere, f(w)e [*(S*,dQ) ,weS*. [*(S*,dQ) is the
square integrable space on the unit sphere, and

dQ =sinfdBde is the rotation invariant measure on the
sphere. Here @ = (6, ¢), denotes spherical coordinates with
latitude @ and longitude ¢, and O<(0,7], @< (0,27].
The rotation of the function is defined in the Eq. (1),

(R, )@)=f(p" w) (1

The dilations around the North Pole are obtained by
considering usual dilations in the tangent plane at the North

Pole and lifting them to S? by inverse stereographic
projection from South Pole, represented in Figure 1.
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Figure 1. Stereographic projection of the sphere on to the plane



Accordingly, a spherical dilation D, of a function

f (@) 1is defined by Eq.(2).
(D, )@) = f,(@)

1

@02 (@), acR Q)
where a is the scale of wavelet, and can control the finer
or coarse representation of a signal on a sphere, and

0 0 . .
w, =0,,9), tan;“: atanE , indeed, € — 6, is the
dilation obtained by inverse stereographic projection. Here,
A(a,0) is Radon-Nikodym derivative, and given by
44*

2

[(az - 1)c0s0 +(a®+ I)J

The wavelet analysis on the sphere is performed by
constructing a set of wavelet basis functions by rotations
and dilations of an admissible mother spherical wavelet i .

The formed family {!//a’p =R,Dy,peSOQ3), ac R+}

Aa,0) = 3)

is an over-complete set of functions in I2(82,dQ) .

Accordingly, as for an arbitrary spherical function signal
s € [*(S*,dQ), the CSWT is given by projecting the signal
onto the wavelet family, defined as

W, (a,p) =<y, ,,5>
=[.(R,Dp) (@)s(@)dQ

where the * denotes complex conjugation.

“

3.2 Choice of mother spherical wavelet

A wavelet basis previously described on the unit sphere
may be constructed by rotations and dilations of an
admissible mother spherical wavelet. The mother spherical
wavelet is simply constructed by projecting a 2-D
Euclidean mother wavelet on to the sphere by an inverse
stereographic projection described in Section 3.1.

2D Euclidean Morlet Wavelet [17] has a good feature in
image analysis, and in our paper we decide to adopt the
Spherical Morlet Wavelet as the mother spherical wavelet.
The Spherical Morlet Wavelet can be constructed by
projecting the admissible 2-D Euclidean Morlet Wavelet on
to the sphere by an inverse stereographic projection.

2-D Euclidean Morlet Wavelet is defined by

v (%) = exp(iky %) exp(- | X|*) (5)
and the form of Spherical Morlet Wavelet is constructed as
the following Eq.(6). Refer to [4] for constructing method.

exp(ik, tan 4 cos(¢, — @) exp(—+ tan’ 2
(6)
1+cosd
The parameter ¢, is the direction of a wavelet, and in our

W (0,0) =

paper we let ¢, =0. The parameter k, is the wave vector

of the wavelet, and decides whether the function is
admissible, and ifk, is large enough, typically greater than

6, the function is admissible.
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In this section, we have analyzed the theory of CSWT,
and in the following section, we will represent how to apply
the CSWT to construct our shape descriptor.

4. Computation of Shape Descriptor

4.1 Pose normalization

Before the computation of the descriptor, pose
normalization must be taken into consideration. Because all
the models have different orientation and position in the 3D
space, it is necessary to place all the models into a
canonical coordinate system.

First, translate the centroid of all the models into the
origin of the coordinate system.

Secondly, it is very important to obtain rotation
invariance. To be sure to transform 3D objects with
different orientation, D.V. Vranic [12] has done several tests,
and found that it is prominent to use the PCA method to get
the rotation invariant dissimilarity measures.

In our descriptor, we also use the PCA method to obtain a
rotation invariant descriptor.

4.2 Spherical parameterization

In the period of spherical parameterization, a cluster of
rays are cast from the centroid of the model to directions
per longitude and latitude
(0;,0;), O =F+i%, ¢, =j3, i j=01.,N-1,
and intersect with surfaces of the model. The spherical
function can be defined on the spherical grid Nx N by the
distances of the farthest intersections to the centroid of the
model. If there is no intersection, the distance is defined as
0 . And then, normalize the distances as the following.

_ Doy
P 3 Dy,
Here, D, , denotes the distance between the intersection
of the direction (6,¢) and the centroid. And XD, ,

denotes the summation of all the farthest distances.
Accordingly, d,, is anormalized distance. As for models

dg @)

with arbitary scales, they can be parameterized into the
same spherical function s, as the following.

s0.0)=d,, @®)
where (6,¢) denotes spherical coordinates with latitude
@ and longitude ¢ , and Oe(0,7] , @e(0.27]

respectively.

Before this section ends, there is an elucidation that N
appearing in all the parts of paper has the same meaning
and value as N of this section.

4.3 Discretization of CSWT of a spherical function

For a practical implementation of the CSWT,
discretization is necessary. We follow the mathematic
method of discretization proposed by Antoine [4] and apply
the method to 3D shape retrieval algorithm.

In the algorithm, we compute the CSWT for a fixed scale



a and a fixed orientation. Specially, we adopt the value of
the scale as @ =0.05 because the smaller scale represents
the finer approximation. And the direction of the wavelet is
set into 0.

As for a spherical function s, it is on the spherical grid
NxN (In fact, the spherical function s is a NxN
matrix and the elements are normalized distances dealt with
in section 4.2), the procedure is the following.

4.3.1 Initialization

Compute the matrix § obtained by applying the FFT
(Fast Fourier Transform) [18, 19] on each row of the
original data s. FFT on a row is called row-wise FFT. As
for a row of s, 5, =(8,8;,...8y) 1s transformed to
S; =(8;,8:,.-,8;y) by row-wise FFT. The sketch map is

Figure 2.

A
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Figure 2. Row-wise FFT of the spherical function
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4.3.2 Production of a set of spherical wavelet
basis functions
In this section, we will produce a spherical wavelet basis
family, including N spherical wavelet basis functions

W1,Ws,....Wy - An arbitrary wavelet basis function y; has
a center at the spherical coordinate (6;,0), called wavelet
center. According to Section 3.1, the set of wavelet basis
functions is constructed by rotations and dilations of a
mother spherical wavelet, that is, chosen Spherical Morlet
Wavelet.

As for an arbitrary wavelet basis function y;, compute
the value of the function on the spherical grid

. ) L.

(91_,(/)].) , 6, :ﬁ-ul . 9 =j7” , L,j=0,1.,N-1.
And the result is a NxN matrix and elements of the
matrix are the values of the wavelet function on the
spherical grid. The value of the wavelet function on the
arbitrary point o = (6,p) of the spherical grid can be

computed as the following.

1. Calculate the rotation according to the Eq. (1).
Concretely, rotate the point on the unit sphere by the
angle ¢, about the x-axis. The result is that the point

w=(0,9)
w'=(0',¢") by the coordinate

is transformed to the new coordinate
transform. In the
coordinate transform, a point (x,y,z) on the unit sphere

can be transformed to (x',',z") by

1 0 0
(x',y,z")=(x,y,2)| 0 cos@; —sin6, )
0 sing; cosé;

Refer to the following Figure 3.

X
Figure 3. The coordinate transform

2. Calculate the dilation (D, f)(®") = f,(®") according
to the Eq. (2) and Eq. (6).
Here, o'=(0',¢"), compute A(a,08') according to the

Eq. 3), and f(0) =y, (6,0).

4.3.3 Row-wise FFT of a set of spherical wavelet
basis functions
As for each wavelet basis function y,, perform the

row-wise FFT just as the section 4.3.1.

Yiu - Vin Vit - Vin
w; = rozi:v;lse v, =
VN1 - VNN Vi Y
Figure 4. Row-wise FFT of a wavelet basis function
Finally, we can get the result v,...00;,...0y

referring to Figure 4.

4.3.4 Medium Matrix
We can get P

1

by means of the entry-by-entry

multiplication of § and ¥, ,

SV SV SinVin
aan | Sy Syl SynV
Sy, = 21%21 2V NV
S\ Swa¥wa SnvW
Bay  Bao Ban
P P P R
—| "i@Dh (2,2) 2.N) | _
— i i i _Pi (10)
By B B

followed by the row-wise Inverse Fast Fourier Transform
(IFFT) [18, 19] of 13; Finally, the medium matrix P is
created. Refer to the following sketch Figure 5.

Fay  Fap Fa,n
P Fony B B y) | row-wise
[ IFFT
Fnvy Bvpy Fiv,vy



Fay  Fap Fa,n

| Ben  Beo Fo,ny
-

Fnvy Bvoy Fv.vy

Figure 5. Calculate the medium matrix
The results are N medium matrices P (i=1,2,..,..N).

4.3.5 The result of CSWT
Using the N medium matrices P (i=1L2,.,..N), we

can get the value W of CSWT.

W1 M Wiy m
w w w W,
w=| "2 22 v | _| 2 (1)
Wy Wao Wan Wy
Thereinto, as for i=1,..,N, W, is a row vector. The
vector can be computed by the medium matrix £ .
VV;:[WLI Wio Wt,N]
=@ 2 B 2 Biwn- 2 Pi(_/,m}
1<j<N 1<j<N 1<j<N

(12)

is an element of the medium matrix Pl

where P,'(j,k)
2

o; isthe weight, suggested in [4], and @, = 2Nizsin(t9i) .

4.4 Descriptor of shape

We adopt the result matrix W of CSWT as our
descriptor of shape. The descriptor will be used for
comparing shapes and discriminating shapes. The matrix
hasa NxN dimension.

As for two shapes a and b, the dissimilarity can be
defined as the following.

2.
Dy =, -], = (XX )

Wasisj = Wh,ij

5. Results

In this section, we will demonstrate some results of the
retrieval performance. We apply our method to a small
database of general objects collected from free Princeton
Shape Benchmark Database [3]. This method has been
completely programmed using C++ and implemented in the
environment of Visual Studio and Matlab.

In our experiment, we let N =64 and sample the
64x64 directions regularly distributed on the spherical
grid. And then construct the spherical function s ,
following with CSWT of the spherical function s. In the
end, the descriptor W can be computed. The

computational time complexity is O(N 3 logN) .
About the shape descriptor, here give an example. As for
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a shape in Figure 6, we can get the descriptor as the
following.

= 10

1.2
-1
—o.s
'
05 0.5
o
’ 0.4
s
i1 4 - 0.z
] 057 Mgt
= . s
D 5
08 N~ os
> o

Figure 6. A shape and its descriptor

The descriptor is represented on spherical grid of the unit
sphere. According to the right colorbar of Figure 6, the
blackness denotes the small value and is close to 0.
Oppositely, the whiteness denotes the large value.

In our experiments, we investigated the performance of
our shape retrieval method based on the shape descriptor.
Here, an experiment example is given. We computed the
dissimilarity measure for a group of shapes. In the group of
shapes, there are 8 models and 4 pairs of similar shapes, and
relevant descriptors are computed, as the following Table 1.

5 6 7 8

Table 1. A group of shapes and relevant descriptors

The resulting dissimilarity measures of the group of
shapes are represented as a matrix in Figure 7. In the figure,
the color from blackness to whiteness is proportional to the
dissimilarity value from smallness to bigness, as the same
as the colorbar in Figure 6. And darker elements represent a
small value and similarity, and lighter elements represent a
large value and dissimilarity. It is clear that the matrix is
discriminating.




2 4 5 3 7 8

Figure 7. Dissimilarity matrix

Especially, we point out that the scale of wavelet in our
descriptor can affect the performance of the retrieval, and
here, we adopt the scale 0.05 to catch the finer and not
coarser information in a shape. According to different sorts
of models, the scale can be adjusted for a better
performance of retrieval. This is one merit of this shape
descriptor. Compared with other shape descriptors, for
example, the shape descriptors based on spherical
harmonics, this descriptor can supply a retrieval mode with
more flexibility for user selection.

6. Conclusion and Future Work
In this paper, we proposed a 3D model retrieval method

based on our shape descriptor made by the follow procedure.

Firstly do the pose estimation followed by the spherical
parameterization. Compute the CSWT of the spherical
function and the result composes the descriptor. CSWT
inherits the merit of wavelet analysis, and in our descriptor,
can catch the important information of the shapes. And the
method is confirmed to be efficient according to our
experiments, and can be applied to construct a 3D retrieval
system.

In addition, the computational time can be shorten by
Fast CSWT algorithms suggested in [20]. We will consider
this in the next step.

In the future, work concentrates on testing the 3D model
retrieval method on a large of 3D models. Moreover,
improve the performance of our shape descriptor and
construct the more discriminating descriptor. Some efforts
will be also put on researching how to build a rotation
variant descriptor.

References

[1] Thomas Funkhouser and Michael Kazhdan.
Shape-Based Retrieval and Analysis of 3D Models.
SIGGRAPH 2004.

J-P. Antoine and P. Vandergheynst. Wavelets on the 2-
sphere: A group-theoretical approach. Appl. Comput.
Harmon. Anal.,vol.7, pp.1-30, 1999.

Princeton Shape Benchmark,
http://shape.cs.princeton.edu/benchmark/

Implementation and approximations. Appl. Comput.
Harmon. Anal., vol.13, no.3, pp. 177-200, 2002.

R. Osada, T. Funkhouser, B. Chazelle, and D. Dobkin.
Shape distributions. ACM Transactions on Graphics,
2002.

X. Liu, R. Sun, S. Kang and H. Shum. Directional

histogram model for three dimensional shape similarity.

J-P. Antoine and L. Demanetm. Wavelets on the sphere:

26

Proc IEEE. CVPR, Volume 1, 2003.

R. Ohbuchi, T. Otagiri, M. Ibato, and T. Takei. Shape-

similarity search of three-dimensional models using

parameterized statistics. Pacific Graphics 2002.

D. Healy, D. Rockmore, P.Kostelc, and S. Moore.

FFTs for 2-Sphere — Improvements and Variations.

Tech. Rep. Department of Computer Science,

Dartmouth College, 2002.

D. V. Vranic, D. Saupe, and J. Richter. Tools for

3D-object retrieval: Karhunen—Loeve transform and

spherical harmomics. Proc. IEEE 2001 Workshop on

Multimedia Signal Processing, 2001.

[10] T. Funkhouser, P. Min, M. Kazhdan, J. Chen, A. Hal
-derman, D. Dobkin, and D. Jacobs. A search engine
for 3D models. ACM Transactions on Graphics, 22(1)
:83-105, 2003.

[11] D. Saupe and D.V. Vranic. 3D model retrieval with
spherical harmonics and moments. Proc. DAGM 2001,
Munich, Germany, 2001.

[12] D. V. Vranic and D. Saupe. Description of 3D-shape
using complex function on the sphere. Proc. 2002
IEEFE International Conference on Multimedia ICME
2002).

[13] M. Novotni and R. Klein. 3D Zernike descriptors and
content based shape retrieval. 8th ACM Symposium on
Solid Modeling and Applications, 2003.

[14] P. Schroder and W. Sweldens. Spherical wavelets:
efficiently representing functions on the sphere.
SIGGRAPH, 1995, pp. 161-172.

[15] J.L. Starck and Y. Moudden. Wavelets, ridgelets and

curvelets on the sphere. stronomy&Astrophysics, 20006.

[16] S.T. Ali, J-P. Antoine, and J-P. Gazeau, Coherent states
and their generalizations : A mathematical overview.
Reviews Math. Phys. 7, 1995.

[17] J-P. Antoine, P. Carrette, R. Murenzi, and B. Piette.
Image analysis with two-dimensional continuous
wavelet transform, Signal Proc. ,31, 1993, 241-272.

[18] FFTW (http://www.fftw.org)

[19] Frigo, M. and S. G. Johnson, "FFTW: An Adaptive
Software Architecture for the FFT," Proceedings of the
International Conference on Acoustics, Speech, and
Signal Processing, Vol. 3, 1998, pp. 1381-1384.

[20] J.D. McEwen, M.P.Hobson, D.J. Mortlock, and A.N.
Lasenby. Fast directional continuous spherical wavelet
transform algorithms. IEEE tramnsactions on Signal
Processing, June 2005.

[21] J-P. Antoine and P.Vandergheynst. Two-Dimensional

Directional ~ Wavelets in  Image  Processing.

International Journal of Imaging Systems and

Technology, Vol. 7, 152-165, 1996.

Hamid Laga, Hiroki Takahashi and Masayuki
Nakajima. Spherical Wavelet Descriptors  for
Content-based 3D Model Retrieval. Shape Modeling
and Applications (SMI) , 2006.

[23] Michihiro Kobayakawa, Mamoru Hoshi, and Tadashi
Ohmori. Robust Texture Image Retrieval Using the
Hierarchical Correlations of Wavelet Coefficients.
Proc. of the 15th International Conference on Pattern
Recognition, Vol. 3, 395-400, 2000.

(9]

[22]




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


