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Abstract

We present a fast algorithm for reducing the undesired distortions
(e.g., bending of straight lines) that often appear in wide-angle
images especially taken with fisheye lenses. Our method allows
the user to intuitively specify curves to be straightened by using
quadratic control curves, and then automatically warps the image
based on moving least-squares (MLS) while minimizing distortions
in the vicinity of the curves. Unlike previous methods, our method
provides results instantly, and allows the user to manipulate curves
to obtain better results once after the initial solution is given. We
demonstrate the effectiveness of our method with a variety of wide-
angle images, together with comparisons to related projections.

CR Categories: 1.3.3 [Computer Graphics]: Picture/Image
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1 Introduction

Wide-angle images can provide rich visual information of a scene
thanks to the wide field of view. Unlike what we perceive when
viewing the world with our eyes, however, wide-angle images in-
evitably expose distortions such as bending of straight structures
and stretching/shearing of objects. This is because any existing
techniques that project a 3D scene into a 2D plane cannot avoid
introducing distortions [Zorin and Barr 1995], and such distortions
become more apparent as the field of view gets wider.

To better handle distortions in wide-angle images, several ap-
proaches have been proposed. Zorin and Barr [1995] presented a
global projection that trades off between preservation of straight
lines and circles. However, their method is not aware of the con-
tents of the image. Zelnik-Manor et al. [2005] proposed a simple
approach that separates a projection plane for linear perspective into
multiple planes, and stitches them to synthesize an image. In their
approach, however, the seams between projection planes must co-
incide with existing discontinuities in the scene, and curved linear
structures passing over such seams cannot be straightened.

To preserve the shapes of salient objects, two contemporary ap-
proaches [Kopf et al. 2009; Carroll et al. 2009] allow the user to
explicitly specify curved linear structures to be straightened. In
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Figure 1: Left: Given a fisheye image (overlaid with a blue
100 x 100 grid used for computation), the user specifies a curve
(green) as a constraint by clicking on two endpoints (red). The red
point at the middle of each curve is a control point that defines the
curve. Right: The result obtained within 41 seconds. Our system
automatically gives an initial solution within a second, and then the
user can manipulate the image in real time.

Kopf et al.’s method [2009], wide-angle images are mapped onto
a cylindrical surface, and constraints are specified as curvilinear
polygons enclosing salient objects on the surface. Their system de-
forms the 3D cylinder so that the enclosed regions become flat, and
then unfolds the deformed cylinder onto a 2D plane using isomet-
ric parameterization. Whereas Kopf et al.’s method forces the user
to enclose objects, Carroll et al.’s method [2009] just lets the user
specify curves along curved lines. Carroll et al.’s method maps the
input image onto a viewing sphere centered at the viewpoint, and
performs least-squares optimization on the spherical grid with re-
specting conformality and user-specified constraints. Both of the
two methods are well formulated, but lack adequate interactivity;
because the task of distortion reduction has no ground truth (explor-
ing this based on, e.g., human perception, may open a new research
field), the user requires trial and error. However, these two methods
take a few [Kopf et al. 2009] or several ten [Carroll et al. 2009] sec-
onds until the computation completes, every time the user modifies
constraints.

In this paper, we present a fast method to assist the user in reduc-
ing undesired distortions in wide-angle images. With our intuitive
interface similar to that of Carroll et al., the user can input curves
as constraints to be straightened. The system heuristically straight-
ens the curves and instantly warps the input image using moving
least-squares (MLS) [Schaefer et al. 2006]. Although the initial so-
lution often suffices, the user can explore better results in real time
by manipulating constraints (see Figure 1). Technically, we solve
local optimization problems for each grid point in a regular 2D grid
(the blue grid in the left of Figure 1) instead of global optimization
on cylindrical [Kopf et al. 2009] or spherical surfaces [Carroll et al.
2009], or a 2D grid as done in low-distortion texture mapping [Gal
et al. 2006] and content-aware image resizing [Wolf et al. 2007;
Wang et al. 2008]. The technical contribution of this paper lies in
the derivation of the approximative closed-form solution of MLS
warping with curves, which yields no visible difference compared
to the reference result obtained via numerical integration.



2  Our Method

2.1 Overview

Given an input image taken with a fisheye lens, our method re-
duces distortions in the image by straightening curved lines. The
user specifies constraints by clicking on the two endpoints of each
curved line to be straightened, and then our system computes and
draws a curve along it. Our interface is similar to that of Carroll et
al. [2009], but the algorithm is quite different; the constraint is rep-
resented with a quadratic Bézier curve (Section 2.2) laid on a planar
grid, instead of a line on the viewing sphere. Given constraints, our
system computes weights for MLLS warping (Section 2.3) and then
straightens the Bézier curves in a heuristic way (Section 2.4) to re-
duce salient distortions in the input image. If the initial solution
does not suffice, the user can further warp the image by manipulat-
ing the Bézier curves in real time, which we consider important to
provide the user instant feedback. The details are described in the
following subsections.

2.2 Constraints for Curved Lines

We use parametric curves suited for warping to trace curved lines.
Lines in the 3D world are projected onto a plane differently due to
the mapping functions of fisheye lenses. Popular mapping functions
such as orthographic r = fsin 0 and equisolid angle r =2 sin@/2
(where r is the distance from the image center, f is the focal length
and O is the angle from the optical axis) transform 3D lines into
elliptical or similar arcs. Thus, elliptical arcs in a parametric form
are an option, but are not appropriate to represent straight lines.
Instead we adopt Bézier curves due to their controllability. Re-
garding the degree of Bézier curves, arbitrary degrees work in the
MLS warping framework [Schaefer et al. 2006]. Here we seek in-
teractivity of warping, and thus adopt quadratic Bézier curves to
simplify the derivation of a closed-form solution for MLS warping,
which allows fast computation. The locus of a quadratic Bézier
curve is determined as follows. By back-projecting user-specified
two endpoints onto the viewing sphere, we obtain a circular arc that
corresponds to a 3D line. The Bézier curve is then fitted to the pro-
jected circular arc using least-squares, and thereby the position of
the middle control point is automatically determined.

2.3 MLS Warping with Quadratic Bézier Curves

Our method reduces wide-angle distortions using MLS warp-
ing [Schaefer et al. 2006]. Although the original MLS warping
uses points and line segments as control handles (please refer to the
paper [Schaefer et al. 2006] for details), approximating curved lines
with many line segments causes high computational cost. Here we
extend MLS warping to handle quadratic Bézier curves and derive
an approximative closed-form solution.

Suppose that the user inputs N curves C; = {p;(t)} (i =
1,2,...,N, pi(t) € R?, 1 €[0,1]). Assuming that the input image
is texture-mapped on a grid, we compute a deformation function
Jv(x) =xM + T (where x is a vector, M a matrix and T a transla-
tion vector) for each grid point v so that it minimizes
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where {q;(¢)} are the displaced counterparts of {p;(¢)} and w;(t) is
a weight of p;(¢) for each grid point v given by
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where o is a user-defined constant and p/(¢) the derivative of p;(r).
The quadratic function in Equation (1) is quadratic with regard to
the translation vector T, and T can be rewritten as T = q. —p. M
where p. and q. are weighted centroids
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Therefore, Equation (1) can be rewritten in terms of M as
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where p;(¢) = pi(t) — p« and §;(¢) = q;(¢) — q«. The derivation
so far is almost the same as that of control line segments [Schae-
fer et al. 2006]. In our case, because p;(¢) and q;(¢) are quadratic
Bézier curves
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where a;, b; and ¢; are the control points of the original curve p;(¢)
while d;, e; and f; are the corresponding control points of q;(r).
Thus P;(¢) and §;(¢) can be rewritten as

a;
pi()=(1—0)% 2(1—1) 2)[b;], (6)
¢
d;
Q)= ((1—=0)* 2(1-0) 2)|&], )
f.

where #;,b;,& and d;, &, f; are calculated similar to p;(¢) and §;(¢).
Equation (4) then can be rewritten as
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Similar to the original MLS warping, M can be affine, similarity
or rigid transformation. Our experiments showed that affine trans-
formation yields the best results, and thus we only elaborate on it.
Affine deformation that minimizes Equation (8) can be achieved
straightforward from the solution for a classic normal equation.
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where W; is a weighted matrix given by
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where 5{‘ (k=0,1,2,3,4) are the integrals of the weight function
wi(¢) multiplied by different quartic polynomials
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The deformation function fy can be written as

~
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where Aj is a 1 x 3 matrix of the form
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Because A is independent of d;, & andf;, A j can be reused once af-
ter computed. For fast computation, we seek closed-form solutions
of integrals 61-". However, it might be difficult or even impossible to
find an antiderivative which can be written in an elementary form,
although we could not prove the latter.

We modified the integrands to obtain approximative closed form
solutions. Warping using these approximate solutions yields no vis-
ible difference compared to reference results computed via numer-
ical integration.

By substituting Equation (5) into the formula of the weight func-
tion (2), we have
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We approximate this with #;(¢) by simplifying the numerator as
follows
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The integrals 5{‘ are then approximated with Slk in which w;(1) are
replaced by w;(). Let B/ = [y Wi(¢) t/dr (j =0,1,2,3,4), then &
can be rewritten as a sum of Blj

4—k .
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where C;? are binomial coefficients, and we seek the closed-form

solutions of Blj . See Appendix A for the details.

2.4 Straightening Constraints

To reduce wide-angle distortions, our system automatically
straightens user-specified constraints (quadratic Bézier curves as
described in Section 2.2) and warps the input image. If necessary,
the user can further warp the image in real time by manipulating the
control points of Bézier curves.

The automatic process is done in a heuristic way as follows. Let
a, b and ¢ be the control points of a quadratic Bézier curve, d, e
and f the corresponding control points after straightening. Keeping
the middle control points fixed, i.e., b = e, the endpoints a and ¢
are displaced to d and f so that (d — f) becomes parallel to (a —
¢), while preserving the length of the curve and the distance ratio
between adjacent control points; ||d —e||/||[f—e|| = ||a—b||/||c —
b||. Additionally, the straightened curves are rotated to be aligned
along horizontal or vertical axes around the middle control point if
specified.

3 Results

Our algorithm was implemented using C++ and OpenGL, and par-
allelized using OpenMP. The experiments in this paper were con-
ducted on a laptop with a Core 2 Dual 2.66 GHz CPU. The fisheye
images in Figures 1 and 3 measure 512 x 512 pixels, and 800 x 633
pixels for Figure 4. We use grids consisting of 100 x 100 vertices
for all input images.

First, we explain the user session for Figure 1, which was recorded
in the accompanying video. The user laid ten constraints (about 20
seconds), and then the system computed an initial solution (0.46
seconds). After the user manipulated the image in real time (about
7 msec per input), he obtained a satisfactory result (about 20 sec-
onds for manipulation). Note that the right image of Figure 1 was
manually cropped. Considering that [Carroll et al. 2009] takes more
than 15 seconds for a single solve on a similar computational en-
vironment, our approach seems overall much more efficient than
theirs.

We investigate the errors induced by approximation, namely the use
of w;() instead of w;(¢) (Equations (14) and (15)). To obtain a ref-
erence, we perform numerical integration with regard to parameter
¢t with 100 sub-intervals. Figure 2 shows errors in three types of
results; numerical integration, the proposed method and segment-
based warping [Schaefer et al. 2006]. The corresponding timings
are shown in Table 1. Overall the proposed method works fast while
restraining errors compared to others. In numerical integration, al-
though the accuracy increases with more sub-intervals, the weight
computation (required every time the user puts/deletes a control
curve) took more than one second even for five sub-intervals. In
segment-based warping, the errors are large even with ten segments
to approximate each curve. This implies that much more segments
are required to make the errors as small as those of the proposed
method, and thus the computational cost becomes much higher.

For the comparison of quality, Figure 3 shows our result and that
of Carroll et al.[2009]. Note that the result of [Carroll et al. 2009]
is not a reference; currently there is no ground truth in the task
of reducing wide-angle distortions. Compared to the result of per-
spective projection which keeps all 3D lines straight, both methods
successfully straighten salient lines. However, the purple chair in
our result is distorted unnaturally. This is due to the disadvantage
of local optimization, and can be alleviated by adding a little more
constraints.

In Figure 4 we compare our result with those of Zelnik-Manor et
al. [2005]. In this example, (a) the chair is distorted due to the
seam between projection planes. Thus Zelnik-Manor et al. segment
out foreground objects, performing local perspective projections in
(b). Unfortunately, discontinuity artifacts remain especially around
the monitors. In contrast, (d) our method successfully straightened
(c) the user-specified 16 curved lines without introducing visible
distortions.

Figure 5 shows the screenshot of our interactive viewer with which
the user can look around a 360° panorama with a low-distortion
fisheye view. The left window displays a 3D sphere, and the right
displays the resultant image. Using the pre-defined circular arcs
on the sphere, the system computes constraints and synthesizes the
warped fisheye view on the fly, every time the user changes the
view. In this example, we mapped a 360° panorama image with the
size of 1024 x 512 onto the sphere and used 15 constraints. The
computational time was about 90 msec for each view change.
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(a) Numericai integration (b) Numerical integrati(-)n (¢) Proposed method  (d) Segment approximation (e) Segment approximation
Nf = 5 Nf = 10 Nseg = 5 ngg = 10

Figure 2: Pseudo color images whose colors indicate the magnitude of the error at each vertex in warped grids. The layout of curves is the
same as Figure 1. The errors at blue vertices are zero while those at red vertices are more than two pixels. (a)(b) Numerical integration was
performed with N, sub-intervals. (d)(e) Each curve was approximated with Ny, segments and Schaefer et al.’s segment-based warping was
applied. The errors in the result of (c) the proposed method are moderate (1.6 pixels at a maximum) compared to others. See also Table 1 for
the timings.

(a) Perspective (b) 11 constraints for (c) Result of (d) Our result
[Carroll et al. 2009] [Carroll et al. 2009]

Figure 3: Comparison between the results of (a) perspective projection, (c) Carroll et al. and (d) ours (the same as Figure 1, but roughly
cropped). Note that (c) is not a ground truth. Both in (¢) and (d), salient lines are successfully straightened.

(a) Multi-plane (b) Multi-view (c) Our 16 constraints (d) Our result
[Zelnik-Manor et al. 2005] [Zelnik-Manor et al. 2005]

Figure 4: Comparison between the results of (a) multi-plane and (b) multi-view techniques of Zelnik-Manor et al. and (d) ours. Distortions
due to discontinuities with (a) multi-plane projection are only partially resolved with (b) multi-view projection. In contrast, (d) our method
successfully reduces almost all noticeable distortions with (c) 16 constraints (green).

4 Conclusions and Future Work
Table 1: Timings (seconds) for the results of Figure 2.

[ Methods | Weight Comp. | Warping | Total |
(a) Num. Integ. N, =5 L1l 0.03 114 We have presented a fast algorithm for reducing the undesired dis-
(b) Num. Integ. N, =10 2.14 0.03 2.17 tortions (e.g., bending of straight lines) that often appear in wide-
(c) Proposed method 0.28 0.04 0.32 angle images especially taken with fisheye lenses. Our method al-
(d) Seg. Appox. Nyeg =5 0.24 0.14 0.38 lows the user to intuitively specify curves to be straightened by us-
(€) Seg. Appox. Nyeg =10 0.43 0.28 0.71 ing quadratic Bézier curves (Section 2.2), and then automatically

warps the image based on MLS (Sections 2.3 and 2.4). Unlike pre-
vious methods [Kopf et al. 2009; Carroll et al. 2009], our method
provides results instantly, and allows the user to further manipulate



(a) Edit window

(b) View window

Figure 5: Screenshot of our interactive viewer. After placing con-
trol curves in (a) the edit window, the user can look around a 360°
panorama with a low-distortion fisheye view in real time in (b) the
view window.

curves to obtain better results in real time, thanks to the approxima-
tive closed-form solutions for MLS warping (Section 2.3).

While we currently entrust the user to input constraints, we plan to
employ automatic recognition of regions of interest to help the user
accomplish this task more efficiently. By automatically extracting
the most salient curves that should be straightened from the input
image, the manual labor for placing curves will be eliminated.
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A Approximative Closed-form Solutions

In this appendix, we derive the closed-form solutions for integrals
ﬁij = 01 Wi(t) tdt (where j =0,1,2,3,4 and w;(¢) is the approxi-
mated weight function defined as Equation (15)) which are required
for the approximative closed-form solutions for MLS warping with
quadratic Bézier curves, as described in Section 2.3.

For a curve p;(t) = (1 —¢)%a; +2t(1 —1)b; —|_—12c; and a grid vertex
v, we calculate closed-form solutions for ﬁij in the case of & = 1.

Here we only elaborate on the derivation of BI-O. The others can be
derived similarly using computer algebra softwares. To shorten the
expressions, the subscripts i are omitted in the following.

First of all, we solve the following integrals

1 dt
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which will be used in the following steps. Let
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where sign(x) denotes the signature of x. The integral y can be
rewritten as
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Using the same notations, we can rewrite B,-O as follows
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and 7y is the solution obtained in Equation (17).




<<
  /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
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /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 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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. 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 for quality printing on desktop printers and proofers.  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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


