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Image Despeckling Based on LMMSE Wavelet Shrinkage

Abstract. A low complexity method for suppressing speckle in synthetic aperture radar (SAR) images is proposed. This method doesn’t require the
logarithmic transform and is an extension of the linear minimum mean square error (LMMSE) filter to the image wavelet representation. A spatially
adaptive shrinkage function is obtained and each modified coefficient is decided separately. Simulation results for the simulated SAR images
demonstrate the proposed method outperforms some representative SAR despeckling methods.

Streszczenie. Zaproponowano metode poprawy jako$ci obrazu w radarach typu SAR. Bazuje ona na liniowym minimum Sredniej kwadratu btedu
LMMSE filtru. Wykorzystano adaptacyjng funkcje zbiezng w przestrzeni i wszystkie wspotczynniki modyfikowane sg niezaleznie. (Poprawa jakosci

obrazu przy wykorzystaniu falkowej zbiezno$ci LMMSE)
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Introduction

Synthetic aperture radar (SAR) images provide useful
information for many applications, such as reconnaissance,
surveillance, and targeting. However, the automatic
interpretation of SAR images is often extremely difficult due
to speckle noise. Thus, despeckling has become an
important issue in SAR image processing.

Many algorithms have been developed to suppress
speckle noise. Usually, the speckle is partially suppressed
already during the image formation process by multilook
processing. But multilook averaging reduces the standard
deviation of speckle but it also deteriorates the spatial
resolution. Another traditional approach is spatial filtering,
including the Lee filter, the Frost filter, the Gamma MAP
filter and their variations such as the enhanced Lee filter.
The performance of these filters depends heavily on the
choice of the local window, and exhibit limitations in
preserving the detail in weakly textured areas.

To overcome these disadvantages, wavelet-based
algorithms [1, 2] have been widely used to reduce speckle
noise. Wavelet theory provides a powerful tool for detecting
image feature at different scales. Due to this property, the
despeckling approaches based on wavelet transform can
well preserve details of the original image. Speckle in SAR
images is multiplicative, whereas most existing wavelet
denoising algorithms are developed for additive noise. To
take advantage of the available algorithms based on
wavelet transform, the log-transform is applied to SAR
image to convert the multiplicative noise to additive noise
before performing wavelet denoising [3, 4]. After wavelet
denoising on log-transformed image, an exponential
operation is employed to convert the image back to a non-
logarithmic format. The major disadvantage of such
approaches is that the backscatter mean is not preserved in
homogeneous areas when the image is converted back to a
non-logarithmic format after denoising. Furthermore, signal
variations are damped by the logarithm, resulting in an
unlikely “flatness” after despeckling.

To eliminate the impact of log-transform to denoising
performance, some algorithms without performing the
logarithmic transform have been proposed. Xie et al.
propose a low-complexity wavelet denoising process based
on the minimum mean square error (MMSE) estimation [5].
But the discrete wavelet transform (DWT) is applied during
image denoising. The DWT s critically sub-sampled and
time variant, which affects the performance of the
despeckling. Alternative approaches have been proposed
that are based on the stationary wavelet transform (SWT),
which is a time-invariant transform. Foucher et al. propose a
SWT despeckling algorithm using the maximum a posteriori
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(MAP) criterion [6], in which the Pearson distribution is used
to model the probability density function (pdf) of wavelet
coefficients. Although this algorithm has good performance,
the high computational complexity of the Pearson
distribution makes this approach rarely used in practice. To
simplify calculations, Argenti et al. introduce a local linear
MMSE (LMMSE) filter [7] in the undecimated wavelet
domain. Dai et al. present a despeckling method based on
the mixture-Gaussian distribution model of SWT wavelet
coefficients [8].

In this paper, a low complexity SWT despeckling
method is proposed, which is an extension of the LMMSE
filter to the image wavelet representation.

Speckle model

Speckle noise in SAR images arises as a consequence
of the coherent illumination used by radar. Within each
ground resolution cell a large number of elementary
reflectors reflects the radar wave towards the sensor. For a
surface that is rough on the scale of the radar wavelength,
the number of elementary reflectors is large enough to
ensure the statistical independence in phase and amplitude
of the elementary backscattered waves. For this type of
areas, the speckle is fully developed. In this paper, the
speckle is assumed to be fully developed, which is valid for
homogeneous targets and weakly textured areas, but is
only an approximation for point targets and extremely
heterogeneous areas.

For a SAR image in which the speckle is fully developed,
a multiplicative noise model is often employed, which can
be expressed as
(1) v=fz
Where v is the observed noisy signal, f is the noise-free
signal and z is the normalized speckle random variable
independent of f'with unit mean, respectively. The intensity
image is considered in this paper, which is usually used one
of SAR images formats. In the intensity format, z follows the
Gamma distribution. The multiplicative noise model in (1)
can easily be decomposed into an additive model in the
following form

(2) v=fr=f+fz-D)=f+f'=f+b
where z'is a random variable independent of f with zero

mean, and b is the additive noise depending on the
underlying unknown signal f.

LMMSE despeckling in the stationary wavelet domain

In signal processing, the representation of signal plays a
fundamental role. Wavelet transform is a powerful tool to
facilitate the representation and analysis of transient signals.
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For the SAR image despeckling, DWT is often used. But
DWT is not invariant under translation. The lack of shift
invariance limits the performance of DWT in despeckling.
In order to preserve the translation invariance property, the
stationary wavelet transform is introduced in despeckling. A
stationary wavelet transform requires more calculations and
calls for bigger memory. However, it enables a better
despeckling quality. A common despeckling procedure with
wavelets is: 1) Compute the wavelet transform; 2) Remove
speckle noise from the wavelet coefficients and 3)
Reconstruct the despeckled image. The scaling coefficients
are usually kept unchanged. During this procedure, the
second step is the most important. In this paper, LMMSE
technique is used to estimate the desired noise-free wavelet
coefficient in the second step.

Due to linearity of the wavelet transform, the additive
model (2) remains additive in the transform domain as well
(3) w=y+n,
where w is the observed wavelet coefficient, y is the noise-
free coefficient, n is the additive noise. The LMMSE
estimate of y is derived as

(4) y=nw,
where

2_
(5) UZEW 2Ewn]
Efw

According to (4) and (5), it is necessary to estimate
E|w?|and E[wn] to calculate y . In this paper, a local
adaptive algorithm is proposed to estimate ElwzJ
and E[wn]

Replacing w with y+n according to equation (3), it can be
obtained

(6) E[wn]= E[yn]+ E[n2J

The stationary wavelet transform is computed with the a
Trous algorithm. According to this algorithm, the wavelet

coefficient y]HL(a,b) at resolution scale 2/ | spatial

position (a ,b ) , and HL subband corresponding to
horizontal direction can be expressed as

(7) vt (a.b) =T (g (k) fa+1b+k),
Lk

where £77(l) and g}’ (k) are the coefficients of the

equivalent filters at the scale 2/ . And that

(8) Ry = hy_y(mjhj_p(m_y)--ho(my),
9) g (k)y=g;1(nj)h;_y(nj_1)-ho(n),
where I=mj+my+--+m; , k=n+ny+--+n; ,

hj_y(m;)is the coefficient of the lowpass filter at the scale
2/ and g j-1(n;)is the coefficient of the highpass filter at

the scale 2/ . Similarly,

(10) Y@,y =3 g5 (s () fa+k,b+1),
Lk

(1) Y@ =Yg e k) fla+lb+k),
Lk

where

(12) g5 () =g 1(mj)h;_y(m;_y)--ho(my),

LH and HH stand for the orientation subbands corresponding

to the vertical and diagonal directions respectively. Similarly,
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n?L(a,b)
U S hI e k) fla+ Lb+ k@ L+ k)’
n}“H(a,b)
U S o) flar kb + D@t kb D)’
Lk
;™ (a,b)
(15)

= Zg;q(l)g;q(k)f(a +Lb+k)Z (a+L,b+k)
1,k

Since z'is a random variable independent of f with zero
mean, it can be derived

E[Y"(a,b)N]"(a,b)]
(16) =E{Zh;f’(l)g;q(k)F(a+z,b+k)

-Zh‘f."(l)gj"(k)F(a+l,b+k)Z'(a+l,b+k)} =0
1k
If it is assumed that z is independent and equally distributed,
Eln?L(a,b)zJis calculated by

E[njHL (a,b)z]

2
=E [z K9 (g% (kyb(a+1.b+ k)]

Lk
=2 2 [hf-"(l V(e (KNg i (k)
I' k' Lk
fla+l,b+k)f(a+1,b+k)
Za+ b+ k)2 (a+1,b+k)] :

=2 Y (1) g%t (k)zE[f(a +z,b+k)2]
" .

(17)

LYY PEEm (g kg (o

U k' 1#1 k#k'
E[f(a+1b+k)f(a+1,b+k)]
ElZ(a+1b+ k)2 (a+1,b+ )]}

= oS R g (k) E|fa+ b+ 02
Lk

where 022 is the variance of z. If the variance of f is
assumed to be zero within the support region of the

equivalent filters, Eln;ﬂ‘(a,b)zlcan be further estimated by
E[n?L(a,b)ZJ
(18) 2.
=03 X1 ()¢ O HE[ (a+ Lo+ )]}
Lk

Furthermore due to E[v]: E[f] it turns out that
E|_n}{L(a,b)2J
o R0 e k) Ela+ b+ b))
e & e
Therefore, ,
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E[WHL(a,b)nHL(a,b)] achieves the most successful noise reduction in
Y J homogeneous areas.

20 2.
(20) _ O'%Zhje-q(l)zgjq(k)2 {E[v(a+l,b+k)]} ;I;jaé))le 1. Comparison of quantitative result for Lena image in SNR
Lk
Similarl Looks 1 2 6 12 24 36
imiarly, Noise 6.66 | -351 | 1.15 | 430 | 7.21 | 8.9
E[W]L.H(a,b)njL.H (a,b)J This Study 6.60 | 853 | 11.63 | 13.54 | 15.47 | 16.54
1) 5 GMMMSE[8] 549 | 6.74 9.45 11.61 | 13.74 | 15.06
_ 2 eq 1n\27.eq (2 ! LLMMSE[7] 590 | 8.07 | 11.14 | 13.26 | 15.18 | 16.53
_Gzlzk;gj ®*hf OHEMa +k.b+ D] GMMRF[3] | 5.73 | 7.88 | 10.69 | 12.55 | 14.42 | 15.74
i BayesShrink[4] | 6.28 | 7.58 9.95 11.55 | 13.09 | 14.22
Elw,HH(a, byt (a, b)J Kuan[9] 553 | 6.87 | 9.46 | 11.33 | 13.05 | 14.29
(22) . Table 2. Comparison of quantitative result for House image in SNR
25 eq 2 . eq 2 2
=2 Y g () ¢ (k) {E[(a+Lb+ )]} (dB)
Ik Looks 1 2 6 12 24 36
5 Noise -8.14 | -5.17 | -0.37 2.66 5.67 7.44
where o :1/L in L-look image . If the observed noisy This Study 6.98 | 8.28 | 11.74 | 13.87 | 15.90 | 17.16
signals are assumed to be identically distributed within the GMMMSE(8] 549 | 674 | 945 | 11.61 | 13.74 | 15.06
neighborhood system of pixel (a,b) , its mean at pixel LLMMSE(7] 542 | 764 | 11.08 | 13.22 | 1531 | 1640
9 [ GMMREF[3] 5.62 777 | 11.14 | 1290 | 14.54 | 15.63
(a,b) can be estimated by BayesShrink[4] | 6.60 | 8.13 | 10.71 | 11.98 | 13.53 | 14.52
1 Kuan[9] 459 | 6.27 8.81 10.62 | 12.36 | 13.52
(23) E[v(a,b)]=—— S v(lk),
K x

(I,k)ex(a,b)
where «(a,b) denotes the neighborhood system of pixel
(a,b)and K x K is corresponding dimension. In the similar
way, the second-order moment of the wavelet coefficient
w at pixel (a,b)is estimated using neighboring coefficients
in the following form by assumed that theirs distribution is
identical in the neighborhood system of pixel (a,b)
5 1 X . ¥
(24) E[W(a,b) ]: - ZW(L k)", Fig.1. Original Lena image (left) and the same image with artificial
MM (1 kyev(a,b) speckle noise (L=24, right).

where V(a,b) denotes the neighborhood system of pixel (a,b)
and M x M is corresponding dimension.

Once E[wn] and E[w?] are calculated according to (20),
(21), (22) and (24), y can be estimated in (4).

Experimental results

The performance of the proposed despecking algorithm
for simulated SAR images will be illustrated with a
quantitative and a qualitative performance measure. The
qualitative measure is the visual quality of the resulting 2
image. The signal-to-noise (SNR) is used as the (a) The proposed method (b) GMMMSE
quantitative measure. :

The performance will be illustrated on the 256 X 256
simulated SAR images with artificial noise. Two test images
are Lena and House respectively, which are corrupted by
the simulated speckle. The variation on the CDF-(spline)-
filters “with less dissimilar lengths” is used to implement the
stationary wavelet transform. Primal and dual wavelets
have four vanishing moments. These wavelets are rather
popular in image processing. With this transform, the input
image is decomposed over three levels. For comparison,
the improvements in terms of SNR of the proposed
methods and the five related methods are summarized in
Table 1, Table 2 respectively. All despeckling methods
obviously achieve a higher gain in SNR when the input
image is noisier, but the proposed method performs better
than the other related methods.

However, it is not sufficient to rely on quantitative
measures only, since they cannot take into account all
aspects of image quality for which the human eye is
sensitive. Fig.1 presents the original Lena image and the
same image with artificial speckle noise (L=24). The result

of the proposed despecking method and the other related (e) BayesShrink (f) Kuan
methods are shown in Fig.2. The proposed method  Fig.2. Comparison of dfferent despeckling methods for noisy Lena
image of Fig.1

PRZEGLAD ELEKTROTECHNICZNY (Electrical Review), ISSN 0033-2097, R. 88 NR 7b/2012 271



Conclusion

To improve the despeckling performance, a low
complexity despeckling method based on LMMSE wavelet
shrinkage is proposed in this paper. This method is an
extension of LMMSE filter to the image wavelet
representation. Based on the time-frequency analysis
property of stationary wavelet transform, the parameter of
LMMSE wavelet shrinkage is estimated. Experiment results
demonstrate this method improves the despeckling
performance quantitatively and qualitatively in
homogeneous areas.

Acknowledgments

This work was supported by Fundamental Research
Funds for the Central Universities (DC110324 and
DC110309), Foundation of Liaoning Educational Committee
(L2010093), Research Foundation for Talents of Dalian
Nationalities University (20076105) and Research projects
of State Ethnic Affairs Commission (10DL03).

REFERENCES
[1] Parrilli S., Poderico M., Angelino C.V. and Verdoliva L., A
nonlocal SAR image denoising algorithm based on LLMMSE
wavelet shrinkage, |IEEE Transactions on Geoscience and
Remote Sensing, 50 (2012), 606-616
[2] Wang H.ZH., Sar image denoising based on dual tree complex
wavelet transform, Communications in Computer and
Information Science, 159 CCIS (2011), 430-435
[3] Xie H., Pierce L.E., Ulaby F.T., SAR speckle reduction using
wavelet denoising and Markov random field modeling, IEEE

272

Transactions on Geoscience and Remote Sensing, 40 (2002),
2196-2212

[4] Chang S.G., Yu B., Vetterli M., Adaptive wavelet thresholding
for image denoising and compression, IEEE Transactions on
Image Processing, 9 (2000), 1532-1546

[5] Xie H., Pierce L.E., Ulaby F.T., Despeckling SAR images using
a low-complexity wavelet denoising process, Proceedings of
International Geoscience and Remote Sensing Symposium, 1
(2002), 321-324

[6] Foucher S., Bénié G.B., Boucher J.M., Multiscale MAP filtering
of SAR images, IEEE Transactions on Image Processing, 10
(2001), 49-60

[7] Argenti F., Alparone L., Speckle removal from SAR images in
the undecimated wavelet domain, |IEEE Transactions on
Geoscience and Remote Sensing, 40 (2002), 2363-2374

[8] Dai M., Peng C., Chan AK., Loguinov D., Bayesian wavelet
shrinkage with edge detection for SAR image despeckling,
IEEE Transactions on Geoscience and Remote Sensing, 42
(2004), 1642-1648

[9] Kuan D.T., Sawchuk A.A., Strand T.C., Chavel P., Adaptive
restoration of images with speckle, IEEE Transactions on
Pattern Analysis and Machine Intelligence, 7(1985), 165-177

Authors: The corresponding author is Dr. Tao Zhang, College of
Electromechanical and  Information  Engineering, Dalian
Nationalities University, Dalian, Liaoning Province, China, E-mail:
zhangtao@dlnu.edu.cn; Dr. Yanqiu Cui, College of Information and
Communication Engineering, Dalian Nationalities University,
Dalian, Liaoning Province, China, E-mail: cyq@dInu.edu.cn.

PRZEGLAD ELEKTROTECHNICZNY (Electrical Review), ISSN 0033-2097, R. 88 NR 7b/2012




<<
  /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 /Error
  /CompatibilityLevel 1.4
  /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 true
  /PreserveHalftoneInfo false
  /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 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 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 [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


