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ABSTRACT
Image registration is used widely in applications for mapping
one image to another. Existing image registration methods
are either feature-based or intensity-based. Feature-based
methods first extract relevant image features, and then find
a geometrical transformation that best matches the two cor-
responding sets of features extracted from the two images.
Because identification and extraction of image features is
often a challenging and time-consuming process, intensity-
based image registration, by which the mapping transforma-
tion is estimated directly from the observed image intensi-
ties of the two images, has received much attention recently.
In the literature, most existing intensity-based image regis-
tration methods require a parametric form of the mapping
transformation, which is restrictive for certain applications.
In this paper, we propose an intensity-based image registra-
tion method without requiring such a parametric form. By
this method, the mapping transformation can be nonpara-
metric, and it can even be discontinuous at certain places
in the design space. Numerical examples show that it is
effective in various applications.

Categories and Subject Descriptors
I.4 [Computing Methodologies]: Image Processing and
Computer Vision; I.3 [Computing Methodologies]: Com-
puter Graphics

General Terms
Design

Keywords
Degeneration, edge detection, local smoothing, nonparamet-
ric transformation

1. INTRODUCTION
Image registration aims to geometrically match up im-

ages or image volumes for structure localization, difference
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detection, and other purposes. It is widely used in medi-
cal imaging, remote sensing, finger print or face recognition,
and so forth. In medical imaging, for instance, a common
application of this technique is to integrate useful informa-
tion from different sources (e.g., CT, PET, SPECT, X-ray,
ultrasound, and MRI images [7], [9]), or to register images
obtained at different times [13]. It has become an impor-
tant tool for improving the quality of certain image-based
technologies [8].

Mathematically, the image registration problem is often
described as follows. Let ZR(x, y) and ZM (x, y) be a refer-
ence image and an image to register with, respectively. Be-
cause ZM (x, y) is usually a geometrically altered version of
ZR(x, y), in the literature, ZM (x, y) is often called a moved
image. Then, the major goal of image registration is to find
a geometrical transformation T(x, y) = (T1(x, y), T2(x, y))
such that ZM (T(x, y)) is as close to ZR(x, y) as possible.
Thus, the image registration problem can be formulated as
the following maximization problem:

Topt = arg max
T∈T

S(ZR, ZM (T)), (1)

where Topt denotes the optimal transformation for matching
ZR(x, y) and ZM (x, y), S is a selected metric for measuring
similarity between two images, and T is a space of all pos-
sible transformations considered. See [12] for a discussion
about image registration in MRI applications, and for a de-
scription about various existing similarity metrics.

In the literature, there are two types of image registration
methods. The first type first selects N corresponding fea-
ture points in the two images, respectively, and then finds
a geometrical transformation to best match the two sets of
feature points [3]. To this end, landmarks or control points
are often the preferred features and they can be selected
manually or automatically by a computer [16]. Other com-
monly used features include edge lines or curves, which are
often detected by gradient-based methods, and regions, cen-
troids or templates, which are usually determined by ways of
thresholding and segmentation [14]. In certain applications,
however, feature selection is a time-consuming and challeng-
ing process with much arbitrariness involved. In such cases,
rather than selecting features for image matching, we would
prefer to search for a geometrical transformation such that
ZR and ZM best match each other, in terms of a similarity
metric defined directly by the observed image intensities, as
described in (1). This type of intensity-based image regis-
tration (IBIR) procedures is flexible to use, and has become
popular in various applications.

Most existing IBIR procedures assume that the transfor-
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mation T follows a parametric model. A widely used 2-D
parametric transformation is defined byj

T1(x, y) = α(x cos Δφ+ y sin Δφ) + Δx
T2(x, y) = α(−x sin Δφ+ y cos Δφ) + Δy,

(2)

where (Δx,Δy,Δφ) are three motion parameters and α is
a scaling parameter. Model (2) describes rigid-body mo-
tions (i.e., distance between any two points on an object is
unchanged during the motion) when α = 1. It has been com-
monly used in applications [4] for various reasons, including
the ease of implementation and computation, and its feature
preservation property (e.g., a line maps to a line). Recently,
much research progress has been made to generalize model
(2). For instance, free-form deformation (DDF) techniques
are getting popular in the image registration community,
due to their relatively minor computational complexity and
other salient properties [15]. DDF methods usually approx-
imate the transformation T using B-splines with knots cho-
sen properly beforehand. Diffeomorphic image registration
also attracts much attention recently, by which the trans-
formation T is determined by solving a differential equation
[2] [1]. Klein et al. [6] have made a comprehensive evalu-
ation of 14 commonly used IBIR algorithms using various
test images.

Methods based on parametric models are usually efficient
when the parametric models are valid. But, validity of such
models should be justified properly in applications, and the
proper model justification itself would be challenging and is
currently lacking. In this paper, we try to tackle the IBIR
problem without imposing any parametric form on T. A
nonparametric IBIR procedure is proposed, which matches
two images by local smoothing and by using certain image
features implicitly. Our proposed procedure is described in
detail in Section 2. Its numerical performance is evaluated
in Section 3. Certain remarks conclude the article in Section
4.

2. PROPOSED METHOD
Description (1) of the image registration problem is com-

monly used in the medical imaging and computer sciences
communities. A statistically more precise description of the
problem might be as follows. Let R and M be two images to
register. Their true image intensity functions are denoted as
R(x, y) and M(x, y). It is assumed that they have the fol-
lowing relationship:

M(T1(x, y), T2(x, y)) = R(x, y), for (x, y) ∈ Ω, (3)

where Ω is the design space of the two images and T(x, y) =
(T1(x, y), T2(x, y)) is a geometrical transformation. IBIR
tries to estimate T(x, y) from observed image intensities of
the two images defined below.

ZM (xi, yj) = M(xi, yj) + εM (xi, yj),

ZR(xi, yj) = R(xi, yj) + εR(xi, yj),

for i, j = 1, 2, . . . , n, (4)

where {(xi, yj)} are pixel locations in Ω, and {εM (xi, yj)}
and {εR(xi, yj)} are i.i.d. random errors in the two im-
ages with mean 0 and variances σ2

M and σ2
R, respectively.

Nonparametric intensity-based image registration (NIBIR)
tries to estimate T(x, y) from the observed image intensities,
without imposing any parametric form on T(x, y). In (4),
we assume that the two observed images contain pointwise

noise only, for simplicity. In practice, they may also contain
spatial blur and other degradations [11]. NIBIR in latter
cases could be much more challenging and is not discussed
here.

At a given point (x, y) ∈ Ω, we can write„
T1(x, y)
T2(x, y)

«
=

„
x
y

«
+

„
b(x, y)
c(x, y)

«
,

where b(x, y) = T1(x, y) − x and c(x, y) = T2(x, y) − y.
Then, estimation of T(x, y) is equivalent to estimation of
(b(x, y), c(x, y)). If both b(x, y) and c(x, y) are small (i.e.,
‖T(x, y) − (x, y)‖ is small) and M has first-order partial
derivatives at (x, y), then by the Taylor’s expansion, we have

M(T1(x, y), T2(x, y)) = M(x, y) +M ′
x(x, y)b(x, y) +

M ′
y(x, y)c(x, y) + o (‖T(x, y) − (x, y)‖) , (5)

where ‖ · ‖ denotes the Euclidean norm. By (3) and (5),
R(x, y) can be approximated well byM(x, y)+M ′

x(x, y)b(x, y)
+M ′

y(x, y)c(x, y). Therefore, (b(x, y), c(x, y)) can be chosen
such that the approximation residual

R(x, y) −
ˆ
M(x, y) +M ′

x(x, y)b(x, y) +M ′
y(x, y)c(x, y)

˜
is small. In reality, however, both R(x, y) and M(x, y)
are unobservable. What we observed are image intensi-
ties {ZM (xi, yj)} and {ZR(xi, yj)} defined in (4), which
have random noise involved. To smooth out random noise
while estimate (b(x, y), c(x, y)), we adopt the idea of local
linear kernel (LLK) estimation [5] as follows. Consider a
circular neighborhood of (x, y) with radius hn, denoted as
O(x, y;hn). Then, if M ′

x(x, y) and M ′
y(x, y) are replaced by

their LLK estimators, denoted as cM ′
x(x, y) and cM ′

y(x, y),
b(x, y) and c(x, y) can be estimated by the solution of the
following minimization problem:

min
b(x,y),c(x,y)

nX
i,j=1

h
ZM (xi, yj) − ZR(xi, yj) + cM ′

x(xi, yj)b(x, y)

+cM ′
y(xi, yj)c(x, y)

i2
Khn , (6)

where Khn = K(xi−x
hn

,
yj−y

hn
), and K is a bivariate den-

sity kernel function with unit circular support. The mini-
mization problem (6) searches for estimators of b(x, y) and
c(x, y) such that the weighted sum of approximation resid-
ual squares reaches the minimum, and the weights are deter-
mined by the kernel function K. Usually, K(u, v) is chosen
to be a decreasing function of

√
u2 + v2. Therefore, if a

pixel (xi, yj) ∈ O(x, y;hn) is farther away from the given
point (x, y), then the corresponding approximation residual
at (xi, yj) would receive less weight, which is intuitively rea-
sonable, because observed image intensities at (xi, yj) gen-
erally provide less information about (b(x, y), c(x, y)), com-
pared to observed image intensities at pixels closer to (x, y).
It is not difficult to check that problem (6) has the following
solution

„ bb(x, y)bc(x, y)
«

=

„
K22, −K12

−K12, K11

« „
K∗

1

K∗
2

«
K11K22 −K2

12

, (7)
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where

K11 =
nX

i,j=1

hcM ′
x(xi, yj)

i2

Khn ,

K22 =
nX

i,j=1

hcM ′
y(xi, yj)

i2

Khn ,

K12 =

nX
i,j=1

cM ′
x(xi, yj)cM ′

y(xi, yj)Khn ,

K∗
1 =

nX
i,j=1

[ZR(xi, yj) − ZM (xi, yj)] cM ′
x(xi, yj)Khn ,

K∗
2 =

nX
i,j=1

[ZR(xi, yj) − ZM (xi, yj)] cM ′
y(xi, yj)Khn .

From the above description, the transformation T(x, y)
can be well estimated bybT(x, y) = (x, y) + (bb(x, y),bc(x, y)) (8)

with (bb(x, y),bc(x, y)) defined by (7) in cases when

(i) ‖T(x, y)− (x, y)‖ is small such that the first-order ap-
proximation to M(T1(x, y), T2(x, y)) in (5) is valid,

(ii) M has first-order partial derivatives at (x, y), and

(iii) the denominator in the right-hand-side of (7) is not
too small.

The above conditions (i) and (ii) imply that the estimator
defined by (7) and (8) may not estimate T(x, y) well at
places where the transformation is relatively large or where
M is not smooth (e.g., edge locations of M). Condition (iii)
implies that the estimator may not be well defined at places
where the following equation holds:

[M ′
x(x, y)]2[M ′

y(x, y)]2 − [M ′
x(x, y)M ′

y(x, y)]2 = 0, (9)

because 1
πn2h2

n
K11,

1
πn2h2

n
K22, and 1

πn2h2
n
K12 can be re-

garded as local constant kernel estimators of [M ′
x(x, y)]2,

[M ′
y(x, y)]2, and M ′

x(x, y)M ′
y(x, y), respectively, which are

all statistically consistent under some regularity conditions.
Mathematically, it can be proved thatM satisfies equation

(9) in a neighborhood O(x, y) of a given point (x, y) if and
only if there is a continuously differentiable function ψ and
a constant ρ such that

M(x′, y′) = ψ(ρx′ + y′), for any (x′, y′) ∈ O(x, y). (10)

Intuitively, if M satisfies (10) in O(x, y), then its intensity
levels are the same on the line segment ρx′ + y′ = ρ0 in
O(x, y), for any appropriate constant ρ0. In such cases, the
bivariate function M is degenerate locally in O(x, y), and
it is impossible to uniquely determine T(x, y) because any
small move along the line direction would not change the
value of M(x′, y′) for any (x′, y′) ∈ O(x, y). In this paper, a
point (x, y) ∈ Ω is called a local degenerate point of M if M
has partial derivatives at (x, y) and there exists a neighbor-
hood O(x, y) such that equation (9) holds. Other points are
called local non-degenerate points. Therefore, around local
degenerate points, the image registration problem is actually
not well defined.

Based on the above analysis, we propose a NIBIR proce-
dure consisting of the following several steps:

Step 1 Detect edge pixels for the observed moved image
ZM using an edge detector. See Chapter 6 in [10] for a
discussion about existing edge detectors.

Step 2 At a given point (x, y), consider its circular neigh-
borhood with radius r1, denoted as O(x, y; r1). If the de-
tected edge pixels in O(x, y; r1) is smaller than nr1, then
(x, y) is regarded as a continuity point ofM . In such cases, if
the denominator of (7) is larger than or equal to a threshold
value un, then (x, y) is regarded as a local non-degenerate

point and bT(x, y) is defined by (7) and (8).
Step 3 If the detected edge pixels in O(x, y; r1) is larger

than or equal to nr1, then there might be an edge segment

in O(x, y; r1). In such cases, bT(x, y) is searched as follows.
For any pixel (x′, y′) in O(x, y; r1) of the moved image ZM ,
consider its circular neighborhood O(x′, y′; r2). Compute
the mean squared difference (MSD) as follows.

MSD((x′, y′); (x, y)) =
1eN X

(x′+s,y′+t)∈O(x′,y′;r2)ˆ
ZM (x′ + s, y′ + t) − ZR(x+ s, y + t)

˜2
,

where eN is the number of pixels in O(x′, y′; r2). Then,bT(x, y) is defined to be the minimizer of

min
(x′,y′)∈O(x,y;r1)

MSD((x′, y′); (x, y)).

See Figure 1 for a demonstration.
Step 4 In O(x, y; r1), if the detected edge pixels is smaller

than nr1 and the denominator of (7) is smaller than the
threshold un, then (x, y) is regarded as a local degener-

ate point of M . In such cases, bT(x, y) is defined as fol-
lows. First, we find a closest local non-degenerate point
(x(1), y(1)) of (x, y) in ZM . Second, we find a closest de-

tected edge pixel (x(2), y(2)) to (x, y) in ZM . Third, compute

MSD(bT(x(1), y(1)); (x, y)) andMSD(bT(x(2), y(2)); (x, y)). Fi-

nally, define bT(x, y) to be bT(x(1), y(1)) if

MSD(bT(x(1), y(1)); (x, y)) ≤MSD(bT(x(2), y(2)); (x, y)),

and define bT(x, y) to be bT(x(2), y(2)) otherwise.

Figure 1: A demonstration of defining bT(x, y) around
detected edge pixels.

3. NUMERICAL STUDY
In this section, we present a numerical example to eval-

uate the performance of the proposed NIBIR procedure.
The evaluation is made in comparison with the following
two state-of-the-art IBIR methods: the directly manipulated
free-form deformation (DMFFD) method [15] and the sym-
metric diffeomorphic image normalization (SyN) method [1].
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As suggested in the related papers, three similarity met-
rics, including the mean squared difference (MSD), cross-
correlation (CC), and mutual information (MI), are used re-
spectively in the DMFFD method, and two similarity met-
rics, including the CC and pure cross correlation (PCC),
are used respectively in the SyN method. These existing
methods are implemented using the software package ANTS
available at http://www.picsl.upenn.edu/ANTS/.

A reference image and a moved image are shown in Figure
2. The reference image mainly contains a railway and a ball;
the ball moved its position in the moved image. Therefore, in
this example, the geometrical transformation T takes non-
zero values mainly in the region of the reference image that
contains the ball. It is thus a discontinuous transformation.

(a) (b)

Figure 2: (a) A reference image containing a railway
and a ball. (b) A moved image.

Then, the proposed NIBIR procedure and the existing
methods DMFFD-MSD, DMFFD-CC, DMFFD-MI, SyN-
CC, and SyN-PCC are respectively applied to this example.
In NIBIR, the kernel function K(u, v) is chosen to be the
truncated bivariate Gaussian density function with support
{(u, v) : u2 + v2 ≤ 1}. For a given method, we search for
an estimator of the geometrical transformation, denoted asbT(x, y) = ( bT1(x, y), bT2(x, y)), by trying all possible values of
its procedure parameters such that the root residual mean
square (RRMS) value reaches the minimum, where

RRMS =

(
1

n2

nX
i,j=1

h
ZR(xi, yj) − ZM (bT(xi, yj))

i2
)1/2

.

The restored reference image of the given method is then de-

fined by ZM (bT(x, y)). Figure 3(a)-(f) show the the restored
reference images of the six related methods. From the plots,
it can be seen that the proposed NIBIR procedure restores
the original position of the ball well, and all five competing
methods can not restore the reference image properly. Our
explanation of these results is that all five competing meth-
ods can only handle the cases when the geometrical trans-
formation T(x, y) is continuous in the entire design space,

while our proposed NIBIR procedure defines bT(x, y) locally
and has the flexibility to allow T(x, y) to be discontinuous.
To further see the difference among the results of the six
methods, we present the residual images of the six methods
in Figure 3(g)-(l). For a given method, the residual image

is defined to be ZR(x, y) − ZM (bT(x, y)). From the plots, it
can be seen that the residual image of the NIBIR procedure
is almost empty, while the residual images of the other five
methods all show the ball clearly. The minimal RRMS val-

ues of the six methods are 10.929, 12.852, 13.402, 14.416,
14.053, and 15.121, respectively.

(a) (b) (c)

(d) (e) (f)

(g) (h) (i)

(j) (k) (l)

Figure 3: (a)-(f) Restored reference images of
NIBIR, DMFFD-MSD, DMFFD-CC, DMFFD-MI,
SyN-CC, and SyN-PCC, respectively. (g)-(l) Resid-
ual images of the six methods.

4. CONCLUSIONS
In this paper, we propose an intensity-based image regis-

tration method which allows the geometrical transformation
T(x, y) = (T1(x, y), T2(x, y)) to be nonparametric. From the
numerical example shown in Section 3, we can see that it
also allows T(x, y) to be discontinuous in the design space.
In the proposed method, there are still many issues that
need to be addressed in our future research. For instance,
in the proposed method, there are several parameters, in-
cluding hn, un, r1, r2 and other parameters used in edge
detection. Appropriate selection of these parameters should
be important for the entire procedure, which has not been
properly addressed yet. By the nature of the image registra-
tion problem, if the reference image ZR and the moved image
ZM are switched, then the resulting geometrical transforma-
tion should be exactly the inverse of T(x, y). However, by
the proposed method, the resulting estimators of the two
geometrical transformations may not have this inverse re-
lationship, which should be further studied in our future
research.

224



5. ACKNOWLEDGMENTS
This research is support in part by an NSF grant. The

authors thank Dr. Tustison for several helpful conversations
regarding the implementation of the software package ANTS.

6. REFERENCES
[1] B. Avants, C. Epstein, M. Grossman, and J. Gee.

Symmetric diffeomorphic image registration with
cross-correlation: Evaluating automated labeling of
elderly and neurodegenerative brain. Medical Image
Analysis, 12:26–41, 2008.

[2] F. Beg, M. Miller, A. Trouv’e, and L. Younes.
Computing deformation metric mappings via geodesic
flows of diffeomorphisms. International Journal of
Computer Vision, 6:139–157, 2005.

[3] M. Davis, A. Khotanzad, D. Flamig, and S. Harms.
Physics-based coordinate transformation for 3-d image
matching. IEEE Transactions on Medical Imaging,
16:317–328, 1997.

[4] E. Denton, L. Sonoda, D. Rueckert, S. Rankin,
C. Hayes, M. Leach, D. Hill, and D. Hawkes.
Comparison and evaluation of rigid, affine, and
nonrigid registration of breast mr images. Journal of
Computer Assisted Tomography, 23:800–805, 1999.

[5] J. Fan and I. Gijbels. Local Polynomial Modeling and
Its Applications. Chapman and Hall, London, 1996.

[6] A. Klein, J. Andersson, B. Ardekani, and et al.
Evaluation of 14 nonlinear deformation algorithms
applied to human brain mri registration. NeuroImage,
46:786–802, 2009.

[7] F. Maes, A. Collignon, D. Vandermeulen, G. Marchal,
and P. Suetens. Registration by maximazation of
mutual information. IEEE Transactions on Medical
Imaging, 16:187–198, 1997.

[8] J. Modersitzki. Fair: Flexible Algorithms for Image
Registration. SIAM, Philadelphia, 2009.

[9] C. Nikou, F. Heitz, J.-P. Armspach, I.-J. Namer, and
D. Grucker. Registration of mr/mr and mr/spect
brain images by fast stochastic optimization of robust
voxel similarity measures. Neuroimage, 8:30–43, 1998.

[10] P. Qiu. Image Processing and Jump Regression
Analysis. John Wiley & Sons, New York, 2005.

[11] P. Qiu. A nonparametric procedure for blind image
deblurring. Computational Statistics and Data
Analysis, 52:4828–4841, 2008.

[12] P. Qiu and T. Nguyen. On image registration in
magnetic resonance imaging. In 2008 International
Conference on BioMedical Engineering and
Informatics, pages 753–757. IEEE, May 2008.

[13] N. Ritter, R. Owens, J. Cooper, R. Eikelboom, and
P. V. Saarloos. Registration of stereo and temporal
images of the retina. IEEE Transactions on Medical
Imaging, 18:404–418, 1999.

[14] N. Saeed. Magnetic resonance image segmentation
using pattern recognition, and applied to image
registration and quantitation. NMR in Biomedicine,
11:157–167, 1998.

[15] N. Tustison, B. Avants, and J. Gee. Directly
manipulated free-form deformation image registration.
IEEE Transactions on Image Processing, 18:624–635,
2009.

[16] G. Wu, F. Qi, and D. Shen. Learning-based
deformable registration of mr brain images. IEEE
Transactions on Medical Imaging, 25:1145–1157, 2006.

225



<<
  /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 1.4
  /CompressObjects /Tags
  /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 true
  /OPM 1
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /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 true
  /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 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 [
    /PDFX1a:2003
  ]
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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 false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


