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Abstract—This study focuses on Gaussian blur estimation for
blind image deconvolution (BID) problem. In BID problem, it
only uses blurred image and less information of point spread
function (PSF) to restore the received the blurred image. Due to
restore the received image, the first step is to identify the proper
PSF model. The received image does not uniquely define the PSF.
Nevertheless these are many applications where the received
image have been blurred either by an unknown or a partially
know PSF. Therefore, this paper choose Gaussian blur image for
further research, which utilized the particle swarm optimization
algorithm to search for the unknown PSF. The objective function
for searching the parameters of PSF is based on edge detection
and image morphology. It can identify the parameters of PSF
exactly. Finally, the feasibility and validity of proposed algorithm
are demonstrated by several simulations.

Keywords-Gaussian Blur, Blind Image Deconvolution, Point
Sparead Function, Particle Swarm Optimization, Wiener filter,
Edge Detector

I. INTRODUCTION

The objective of image restoration is to reconstruct the
original scene from a degraded observation which is commonly
blurred by a point spread function (PSF). However, the PSF is
usually unavailable a prior in many applications, the recovery
process becomes a blind image deconvolution (BID) problem.
It has also taken a lot attention in many different technical
areas, for example photography, medical imaging, astronomical
imaging, and so forth.

Referring to the classification [1], BID approaches could
be classified into two chief categories according to the stage of
blur identifying:

1) A priori blur identification methods: With this approach,
the PSF is identified separately from the original image, and
later used in combination with one of the classical image
restoration algorithms in order to restore the original image.
Generally, a parametric blur model may be used.

2) Joint identification methods: With this approach, most of
they use an alternating approach to estimate original image
and the PSF rather than truly finding the joint solution.

Initially, D. Kundur and D. Hatzinakos proposed the
restoration procedure involves recursive filtering of the
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blurred image to minimize a convex cost function blindly. The
feasibility has been confirmed when it is applied on a scene
consists of a finite support object against a uniformly black,
grey, or white background [2], [3]. After that, different
advanced conditions for BID and shortcomings in
conventional methods have been addressed and improved
respectively. For instance, since the requirement of a hard-
decision on whether the blur satisfies a parametric form before
their formulations in these algorithms, the precondition
inhibits the incorporation of parametric blur knowledge
domain into the restoration schemes [4]. The recursive soft-
decision approach is therefore proposed by K.H. Yap and el al.
Further, they proposed a computational reinforced learning
scheme to overcome the drawbacks of conventional methods,
for instance, inter-domain dependency and falling into a local
solution [5]. C. Vural and el al. thought that conventional
methods require either a special parametric PSF form or
complex computation; hence, they proposed a non-linear
adaptive filtering to minimum dispersion of image. Because
this method does not impose constraints on the phase of the
blur, its implementation is easy for real applications [6].

Recently, aiming at seek a higher quality of restoration;
several evolutionary techniques have been introduced, for
example genetic algorithm [7] and evolutionary algorithm [8].
The feasibility and benefits are verified by simulation results
in [7], [8]. Most of these algorithms belong to a priori blur
identification method because the parameters of blur model
are suitably committed to the evolutionary learning. In the
preliminary studies, we have utilized particle swarm
optimization (PSO) to tackle different issues about BID
problem [14], [15]. In [16], we have observed that the edge of
a blurred image is thicker than that of an original image.
Therefore, following this observation, the edge of a restoration
with implied a well estimation for unknown PSF will be
presented using PSO in this study. Each particle of PSO
presents a probable PSF and evolutes according to the
objective function which designed based on edge detection of
its restoration.

This paper is organized as follows: Section II introduces
the fundamental of blind image deconvolution. Section III is
the description of the proposed method. PSO and edge
detector used in this work describes first. And then presents
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the objective function and how PSO is used to seek the
parameters of PSF. Section IV presents the simulation and
results. The conclusion and future works are described in
Section V.

II.  BLIND IMAGE DECONVOLUTION

The BID problem is an advanced image restoration problem
because the received image does not uniquely define the
convolved signals. Nevertheless these are many applications
where the received images have been blurred either by an
unknown or a partially known PSF. Generally speaking, BID
must consider three key issues: blur model, PSF estimation,
and image restoration. In this section, a brief explanation about
blur model and image restoration used in this work is given as
following.

A.  Blur Model
In many image applications, blurring procedure is modeled

by a two-dimensional (2D) linear convolution as following [1]:

g(x,y) = f(x,y)* h(x,y) (6]

where g(x, y), flx, v), h(x, y) denote the observed blurred image,
original image, and point spread function (PSF), respectively.

In (1), fix, y) and A(x, y) are unavailable information in advance.

Therefore, restore the origin image Ax, y) requires the
deconvolution of the degraded image g(x, y) from the A(x, y).

The general model of degradation function for Gaussian
blurred images is presented as following [9]:

h(m,n) = Kexp{— (m;-i-znz)} 2

O

where m and n present the horizontal and vertical space of j(.).

K is a normalization constant to ensure the summation of
h(-) matrix is one. O is the standard deviation for the

magnitude distribution of #(-).

B. Wiener Filter

The Wiener filter is a image restoration technique for the
deconvolution with a priori known PSF. The Wiener filter is
usually applied in the frequency domain. Given a blurred
image g(x, y), one takes the Discrete Fourier Transform (DFT)
to obtain G(u, v). The original image spectrum is estimated by
taking the product of ({4, v) with the Wiener filter W(u, v):

F(u,v)=Gu,v)W (u,v) (3

The inverse DFT is then used to obtain the original image
from its spectrum. The Wiener filter can be stated as follow:

H(u,v) )

Wwu,v)=———2"
() ‘H(u,v)‘z-i—p

where H(u, v) denote Fourier transform of the PSF. Since the
W(u, v) have the possibility to produce the pulse while the
|H(u, v)|* approaches zero. Hence, in (4) adopted p to prevent
this situation. The p value supposes too slightly, is unable to
improve the pulse situation effectively; the p value supposes

too large, will cause W(u, v) to be too small, and will cause
the recover image effect variation. After many experiments of
the simulation proved that the o value about 0.0005 may
obtain a good recovered image.

III. PSF IDENTIFICATION

This section will first present the optimization tool for PSF.
Next, the difference between an original image and a blurred
image is analyzed by edge detection process respectively. The
design of objective function is explained as follows. The final
subsection presents the procedure of the proposed algorithm.

A.  Particle Swarm Optimization

The PSO is a population-based optimization technique that
was proposed by Eberhart and Kennedy [10] in 1995. PSO
simulates the behavior of bird flocking. The population is
referred to as a swarm. The particles examine fast convergence
to local and/ or global optimal position(s) over a small number
of generations. In PSO, each particle represents a potential
solution to the optimization task. All particles can find possible
solving repeatedly. Each particle moves to a new position
according to the new velocity which includes its previous
velocity, the past best solution and global best solution.
Therefore, when a particle discovers a new probable solution,
other particles will move to it for exploring the region with
more depth in the process [11].

A swarm in PSO consists of a number of particles. Each
particle represents a potential solution to the optimization task.
All of the particles iteratively discover the probable solution.
Each particle moves to a new position according to the new
velocity which includes its previous velocity, and the moving
vectors according to the past best solution and global best
solution. The best solution is then kept; each particle
accelerates in the directions of not only the local best solution
but also the global best position. If a particle discovers a new
probable solution, other particles will move closer to it in
order to explore the region with more depth [11]. In general,
there are three attributes, the particles’ current position p;,
current velocity v; and local best position Pb;, for particles in
the search space to present their features. Each particle in the
swarm is iteratively updated according to the aforementioned
attributes. Assuming that the cost function J is to be
minimized so that the particles contain N dimensions, the new
velocity of every particle is updated by

v, (£ +1) = wv, (1) + ¢, x i [Phest, (1) - p,(1)]
+ ¢, X1, |Gbest(t) — p,(1)]

Forall je1,---,N, v; is the velocity of the i th particle, the w, ¢,

and ¢, denote the acceleration coefficients, »; and r, are
elements from two uniform random sequences in the range (0,
1), and ¢ is the number of generations. The new position of a
particle is calculated as follow:

p,t+)=p,@®)+v,(r+1) (6)

The past best position of each particle is updated by:

1144



R@+1) i f(PB,)> f(p,(+D) (7
Pb, (1)
and the best position Gb found from all particles in its search
dimension during the previous three steps is defined as:

Gb(t+1) =argmin / (Pb,(+1)) ®)

PQU+D={

, otherwise

B. Edge Detector

The edge detector [12] employed in this paper is based on a
set of filters obtained from a basis filter d, and through
successive rotations depicted as Fig. 1. The other filters were
obtained by rotating basis filter with bicubic interpolation and
by angles multiple of 45°. Designating by db the filters of the
set presented as

gg(x)=dg*x ©)

The output of the edge detector is given by a combination of
those filters’ outputs through an L, norm

)= > g,(x)? (10)

where © denote the set
consideration.

' ' ' '
2 2 2| 2
3 3 3| 3
4 4 4 4
5 5 5| 5
5 5 5| 5
vz 3 4 s & 1 2 3 4 s & 1 2 3 4 s & 1 2 3 4 5 &

Figure 1. Set of edge detection filters, in the four orientations that were used.
The leftmost filter is the basis filter dly

of filter orientations under

As an example of the detector’s operation, Fig. 2 shows the
edges that were extracted from the “Cameraman” image by
the proposed edge detector.

Figure 2. Edges of “Cameraman” by the proposed edge detector

C. Object Function

In this study, the proposed objective function is based on
the results of edge detection for blurred image and recover
image respectively. Many observations of image after edge
operation are shown as Fig. 3. The observed blurred image
presents thick curve of edge as Fig. 3 (a). However, the edge of
correct restored image shown as Fig. 3 (b) presents thin curve
and the mean brightness of image is bright. Fig. 3 (c) shows the
edge of an over-recovered image. Although the edge mean

brightness is also bright, it exhibits the existence of the
unnecessary ringing phenomenon. Therefore, based on the
comparison of difference information of image edge curve, a
suitable objective function could be possible defined to
distinguish different situations of image.

(b) (c)

Figure 3. The edge detector of Cameraman image (a) The edge of blurred
image (b) The edge of correct restored image (c) The edge of
over-recovered image

The main profile of a blurred image could be obtained
following below:

é=f(g)—%2f(g) (11)

where g is blurred image; /' (g) is the blurred image after edge
detection via (10); » is the total amount of image pixels. The
obtained g will convert to binary image and its opposition

processing. And then, we can obtain the essential edge and
non-essential edge of blurred image as shown in Fig. 4(a) and
(b) respectively. With the concept of morphology, the erosion
followed by dilation tends to smooth an image, to break
narrow joins, and to remove thin protrusions, as shown in
Fig.4(c) (d). The value of the blurred image through edge
detection filled the essential edge and non-essential edge as
below:

d = d
{rea L FEy e 2

where ed is essential edge of blurred image; ned is non-
essential edge of blurred image.

For each stage of the restored image through edge detection,
also made the same blurred image with the essential edge and
non-essential edge part information as below:

d, = f(x)xed
{fczedi =f)€xl.)>fned (13)
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where f{x; ) denote the edge detection of the i™ estimation a) Receive a blurred image g which is convoluted by (1).
image. b) Initial the particles of PSO randomly.

¢) Applying Wiener filter on each particle to restore
estimated images by (3) and (4).

d) The values of objective function are calculated on each
estimated image.

e) Pb and Gb are selected by (7) and (8).

f) Particles move according to (5) and (6).

g) To check the size of PSF particles average velocity is
less than the threshold value (this paper set the threshold value
is one) or not. If it isn’t done, then redo the step (c) to step (g).
Otherwise, the learning is terminated.

b
(@) ®) Eventually, the optimal PSF could be obtained from final

Gb which is able to generate the restored image with the best of
objective function

;

| Receive a blurred image g | | Calculating objective function I
v
| Random particles | I Update particle’s velocity I

¥

I TUpdate particle’s position I

Generate estimated image with

(C) (d) particles through Wiener filter
Figure 4. (a) The white place is the essential edge (b) The white place is the
non-essential edge. The erosion followed by a dilation of (c) essential
edge (d) non essential edge

The relationship between the blurred image and the i™

estimation image can be obtained as below:

{er ed,; = xed, — ged (14) Figure 5. The flowchart of proposed algorithm

erned; = xned, — gned

IV. EXPERIMENTAL RESULT
Then, (ERed & ERned) refers to only take information of

the edge (ered & erned), as follows: For the simulation design, two popular benchmarks, Lena
and Cameraman, are the original images which are shown in
ERed = {ered | ered # 0} (15)  Fig. 6 (a) and (b) respectively and with the size 512x512. The

ERned = {erned | erned # 0; PSF size is the only knowledge a prior, besides a degraded

Through the concept of entropy [13], [14] to calculate the ~ IMage.
diversity of the edge as following:

Hed= —iP(ERed, ) IOgP(ERCdI) ( 16)

i=1
Hned=—)_P(ERned,)logP (ERned.)
i=l
where P(ERed;) and P(ERned;) are the distribution probability
of the ERed; and ERned; respectively. Therefore, the objective
function is set as (17), the large objective value shows that the
restored image is more clear.

(b)
J = Hed — Hned A7) Figure 6. The original image (a )Cameraman (b) Lena

The measurement of restoration quality commonly uses the

D. Framework of the Proposed Algorithm ’ - ) .
Peak Signal-to-Noise Ratio (PSNR) of the image as below:

The framework of the proposed algorithm is shown as Fig.
5, and each step is explained as follows:
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TABLE L

ESTIMATION PSF OF RESTORE LENA

Lena
PSF of Gaussian Identify of PSF for Gaussian blur PSNR(db) of estimation image
blur
PSNR(db) of
NO. Size g blurred image
Size (¢} Avg. Std.
Avg. Std. Avg. Std.
1 5 3 5.3333 1.8257 4.4773 1.4472 77.4935 82.1522 3.3066
2 7 3.5 7.0667 0.2537 4.7291 1.4152 75.6562 80.1690 1.8435
3 9 4 9.9667 1.9384 4.6593 1.4007 74.4668 77.2082 2.9095
TABLE II. ESTIMATION PSF OF RESTORE CAMERAMAN
Cameraman
PSF of Gaussian Identify of PSF for Gaussian blur PSNR(db) of estimation image
blur
PSNR(db) of
NO. .
Size a blurred image
Size (o} Avg. Std.
Avg. Std. Avg. Std.
1 5 3 5.3333 1.8257 4.4346 1.3870 77.3059 83.0344 3.6688
7 3.5 7.0667 0.2537 4.5743 1.4676 74.6235 80.3489 2.5050
3 9 4 9.9333 1.7407 4.4366 1.3325 73.0687 76.8471 3.2187
M N
PIDIPARE
i1 g (18)

PSNR =10log,,

PNVUCHEND

=1 j=1

where f, j‘ , M and N denote the original image, restored image,

image width and image length respectively. Here three
simulations involve different PSF size (5x5, 7x7, and 9x9)
and standard deviation (3, 3.5, and 4), the proposed algorithm
are implemented for over 30 independent runs. The results are
summarized in TABLE I and TABLE II. In each table, the
“Avg.” means the average PSNR value of estimated image of
all runs; and the “Std.” presents the standard deviation of
PSNR of estimated image of all runs. When the result has
smaller Std., it means the algorithm has robust and stability.

From Fig. 7 to Fig. 12, the blurred images and estimated
images restored by the proposed algorithm are labeled by (a)
and (b) respectively. These figures are contrasted for three
different PSF size and standard deviation with two benchmarks.
From these figures, it could be observed that the detail of the
restorations is quite clear and the estimated results of the
restorations approximate to the original image in Fig. 6.
Although the proposed method was unable to find the correct
standard deviation of PSF, it did not have to the result affects
too greatly.

(b)

Figure 7. (a)The received degraded Cameraman, PSF size: 5x5, o: 3.
(b) Estimation image and PSF size: 5x5, 6: 4.2476

(a) (b)
Figure 8. (a) The received degraded Lena, PSF size: 5x5, o: 3.
(b) Estimation image and PSF size: 55, ¢: 4.1038
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(b)

Figure 9. (a) The received degraded Cameraman, PSF size: 7x7, 6: 3.5.
(b) Estimation image and PSF size: 7x7, ¢: 3.5532

(a) (b)
Figure 10. (a) The received degraded Lena, PSF size: 7x7, o: 3.5.
(b) Estimation image and PSF Size: 7x7, 6. 3.5591

(b)
Figure 11. (a) The received degraded Cameraman, PSF size: 9%9, ¢: 4.
(b) Estimation image and PSF Size: 9x9, ¢: 4.1908

(b)

Figure 12. (a) The received degraded Lena, PSF size: 9%9, o: 4.
(b) Estimation image and PSF Size: 9x9, ¢: 4.2907

V. .CONCLUSION

To aim the higher quality of blind restoration, this paper
presents an algorithm that use PSO to explore the unknown
PSF and deploys edge information to design the objective
function. Moreover, it associates Wiener filter to restore the
estimated image. From simulation results, as general-purposed
in parameter definition, high quality restoration is demonstrated.

The proposed algorithm can identify and recover the image
only for Gaussian Blind Image, not for real BID problem. The
future work, we will study for identifying each kind of blur
situation. So that it can identify encounter all the possible with
photograph.

VI.  REFERENCE

[1] P. Campisi and K. Egiazarian, Blind image deconvolution theory and
applications, CRC Press,2006.

[2] D. Kundur and D. Hatzinakos, “A novel blind deconvolution scheme for
image restoration using recursive filtering,” IEEE Trans. on Signal
Processing, vol. 46, no. 2, pp. 375-390, 1998.

[3] D. Kundur and D. Hatzinakos, “Blind image deconvolution,” /EEE
Signal Processing Magazine, pp. 43-64, 1996.

[4] K. H. Yap, L. Guan, and W. Liu, “A recursive soft-decision approach to
blind image deconvolution,” /JEEE Trans. on Signal Processing, vol. 51,
no. 2, pp. 515-526, 2003.

[5] K. H. Yap and L. Guan, “A computational reinforced learning scheme to
blind image deconvolution,” /EEE Trans. on Evolutionary Computation,
vol. 6, no. 1, pp. 2-15, 2002.

[6] C. Vural and W. A. Sethares, “Blind image deconvolution via dispersion
minimization,” Digital Signal Processing, vol. 16, pp. 137-148, 2006.

[7] M. E. Moghaddam, “Out of focus blur estimation using genetic
algorithm,” in Proc. 15th International Conf. on Systems, Signals and,
Image Processing, pp. 417-420, IWSSIP 2008.

[8] S. Gabarda and G. Cristobal, “An evolutionary blind image
deconvolution algorithm through the pseudo-Wigner distribution,”

Journal of Visual Communication & Image Pepresentation, vol. 17, pp.
1040-1052, 2006.

[9]1 Fen Chen; J. Ma, “An Empirical Identification Method of Gaussian Blur
Parameter for Image Deblurring,” IEEE Trans. on Signal Processing,
vol.57, no.7, pp.2467-2478, July 2009.

[10] J. Kennedy and R. Eberhart “Particle Swarm Optimization,” in Proc.
IEEE intl. Conf. Neural Networks, pp. 1942-1948, 1995.

[11] V. G. Gudise and G. K. Venayagaoorthy, “Comparison of particle
swarm optimization and backpropagation as training algorithms for
neural networks,” in Proc. IEEE Swarm Intelligence Symposium,
pp.110-117,2003.

[12] Almeida, M.S.C.; Almeida, L.B.; , “Blind and Semi-Blind Deblurring of
Natural Images,” IEEE Trans. on Image Processing, vol.19, no.1, pp.36-
52, Jan. 2010.

[13] R. C. Gonzalez and R. E. Woods, Digital Image Processing, Prentice
Hall, 2002.

[14] T.Y. Sun, C. C. Liu, Y. P. Jheng, J. H. Jheng, S. T. Hsieh, “Blind Image
Deconvolution via Particle Swarm Optimization with Entropy
Evaluation,” in Proc. the eighth International Conference on Intelligent
Systems Design and Applications, pp. 265-270, Kaohsiung City, Taiwan,
Nov. 26-28, 2008.

[15] T. Y. Sun, S. J. Ciou, C. C. Liu, and C. L. Huo, “Out-of-Focus Blur
Estimation for Blind Image Deconvolution: Using Particle Swarm
Optimization,” in Proc. 2009 International Conference on Systems, Man
and Cybernetics, pp. 1627-1632, San Antonio, Texas, USA, Oct. 14-18,
2009.

[16] Y. C. Lai, M. C. Yang, and T. Y. Sun, “Gaussian blurred blind image
deconvolution using particle swarm optimization,” in Proc. 18" National
Conf. on Fuzzy Theory and its Applications, Hualien, Taiwan, Dec. 20

1148




<<
  /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


