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Abstract— Mutual information (MI) is an effective criterion
for multi-modal image registration. However the traditional MI
function only includes intensity information of images and lacks
sufficient spacial information to accurately measure the degree
of alignment of two images, and besides, it is apt to be influ-
enced by intensity interpolation, therefore presents many local
maxima which frequently lead to misregistration. Our paper
proposes a criterion of adaptive combination of intensity and
gradient field mutual information (ACMI). Unlike the intensity
MI computed from two original images, the gradient field MI
of two images is calculated from their gradient code maps
(GCM) constructed by coding the gradient field information of
corresponding original image. Because of their complementary
properties, these two MI functions are combined to form
ACMI by a nonlinear weight function which can be adaptively
regulated according to their performances and make the better
dominant in the combination. Experimental results demonstrate
that the ACMI outperforms the traditional MI and furthermore
the former is much less sensitive than the latter to the reduction
of resolution or overlapped region of images.

I. INTRODUCTION

Multi-modal image registration plays a significant role

in medical image processing. Mutual information (MI) is

an effective criterion for the multi-modal medical image

registration [1], [2]. However, even with this method, the

correct alignment is not guaranteed, especially when it is

applied to images with low resolution or small overlapped

region, because the traditional MI function only includes

intensity information of images and lacks sufficient spacial

information to accurately measure the degree of alignment of

two images, and besides, it is apt to be influenced by intensity

interpolation, therefore presents many local maxima which

frequently lead to misregistration [3], [4].

Different tissue in human brain presents different gray

intensity no matter which imaging modality is applied to

them. So the intensity gradient at the transition of two tissues

is steeper than the interior, where the magnitude and phase of

the gradient mostly lie on the imaging modality, but its spa-

tial relative position is basically invariable. So the gradient

fields of two images can provide reliable spatial information

for their similarity measurement. Some researches introduced

gradient information into image registration to improve its

quality [5], [6], [7]. Though these methods proved to be

effective, they neither took full advantage of the phase infor-

mation of gradient field nor took account of the relationship
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between intensity images and their gradient fields. Our work

follows this direction and integrates both magnitude and

phase information of gradient field into traditional MI in

a flexible way to further improve the performance of MI

function.

In current study, we propose a multi-modal image regis-

tration technique, namely adaptive combination of intensity

and gradient field mutual information (ACMI). Unlike the

intensity MI computed directly from two original images,

the gradient field MI is calculated from the gradient code

maps (GCM) obtained from corresponding original images

by a spherical gradient coder. The intensity of each point

in GCM is completely determined by the gradient vector of

corresponding point in original image, so that the magnitude

and phase information of gradient field of original image is

converted into intensity information of GCM. The properties

of these two MI functions are complimentary for each

other. The ACMI is defined as the sum of productions of

each MI function and its respective weight which can be

adaptively regulated to highlight the MI function with better

performance.

The results of simulated data show that ACMI function

is much smoother and more reliable than traditional MI.

And the statistical test for the results of actual registration

demonstrates that the registration quality with ACMI is

significantly higher than that with traditional MI, and besides

the former is much less sensitive than the latter to the

reduction of resolution or overlapped region of images.

II. METHOD

A. Mutual information

Given image R and F with respective entropy H(R) and

H(F ) and their joint entropy H(R,F ), their MI I(R,F ) and

entropy correlation coefficient (ECC) E(R,F ) [8], another

registration criterion, are defined respectively as

I(R,F ) = H(R) + H(F ) − H(R,F ), (1-1)

E(R,F ) =
2I(R,F )

H(R) + H(F )
. (1-2)

For fixed images R and F , their respective entropies H(R)
and H(F ) are both approximately constant, so the value of

EEC can be regarded as the production of I(R,F ) and a

constant. Accordingly, ECC has similar performance to MI

except its normalized value range ([0, 1]). Then, in following

analyse, ECC will be used in place of corresponding MI.
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B. Spatial gradient coder
Given a 2D image F with intensity f(x, y), its spatial

gradient field GF (x, y) can be computed by

GF (x, y) =
∂f(x, y)

∂x

−→
i +

∂f(x, y)
∂y

−→
j ,

where the
−→
i and

−→
j are the unit vector along x and y axis,

respectively. If the horizontal and vertical derivatives, namely
∂f(x,y)

∂x and
∂f(x,y)

∂y , are denoted by fx and fy , respectively,

then the magnitude ρi,j and phase θi,j ( [−π, π)) of gradient

of voxel fi,j are calculated by

ρi,j =
√

f2
x + f2

y

θi,j =

⎧⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎩

tan−1(fy/fx) fx > 0
tan−1(fy/fx) + π fx < 0, fy > 0
tan−1(fy/fx) − π fx < 0, fy < 0
π/2 fx = 0, fy > 0
−π/2 fx = 0, fy < 0.

(2)

For convenience, the ρi,j is normalized into range [0,1].

Then the point ci,j in GCM C is obtained by coding the

gradient vector (ρi,j , θi,j) of corresponding point fi,j in F
with gradient coder [7]

ci,j =

{
�ρi,j

Δp
�N + � θi,j

Δθ
� if ρi,j ≥ Th

0 if ρi,j < Th,
(3)

where �x� is the integer partion of x and Th is a pre-specified

threshold to ignore the point with low gradient magnitude.

N equals to 2π/Δθ, and Δρ and Δθ are respectively the

magnitude and phase bin-intervals of gradient coder. The

GCM includes both magnitude and phase information, so

it provides more spacial information for measurement of

similarity of two images. Fig. 1 illustrates a 2D gradient

coder.
This gradient coder can be easily extended to 3D images.

Given a voxel fi,j,k of 3D image F with gradient vector (fx,

fy , fz), the 3D gradient coder is defined as:

ci,j,k =

{
�ρi,j,k

Δp
�NK+�φi,j,k

Δφ
�K+� θi,j,k

Δθ
� if ρi,j,k ≥ Th

0 if ρi,j,k < Th
(4)

with
ρi,j,k =

√
f2

x + f2
y + f2

z

φi,j,k = cos−1(fz/ρi,j,k),

where φi,j,k ( [0, π] ) and θi,j,k ( [−π, π)) are the polar angle

and azimuthal angle, respectively, and θi,j,k is calculated

similarly to θi,j in (2). N and K equal to π/Δφ and

2π/Δθ, respectively where Δφ and Δθ are the polar angle

and azimuthal angle bin-intervals of 3D gradient coder,

respectively. The other notations are defined similarly as in

(3). Thus, with (4), spatial gradient information of original

images is converted into intensity information of GCMs. Fig.

2 and Fig. 3 show a slice of a 3D MRI T1 and 3D PET GCM,

respectively.

Fig. 1. Illustration of a 2D gradient coder (Δρ = 1/4, Δθ = π/4).

C. Adaptive Combination of intensity and gradient field MI
(ACMI)

With (1), the intensity ECC Ei and the gradient field ECC

Eg are obtained from two original images and their GCMs,

respectively. The ACMI Ea is defined as:

Ea = f(v(Ei, Eg))Ei + (1 − f(v(Ei, Eg)))Eg (5)

with

f(v(Ei, Eg)) =
1

1 + exp(−(v(Ei, Eg) − 0.5)/T )

v(Ei, Eg) =
Ei + Eg

2
0 ≤ Ei, Eg ≤ 1.

As shown in Fig. 4, the weighting function f(v(Ei, Eg))
actually is a logistic function with rightward half unit shift,

where T is an ”time constant” controlling the shape of

weighting function. This function has some expected prop-

erties [9]. The first is saturation with the maximum of one

and minimum of zero, just corresponding to the value range

of weights used in ACMI. The second is differentiability

which not only prevents additional local maxima being

introduced by combination of registration functions but also

facilitates the optimization of ACMI with some derivative-

needed techniques such as Gauss-Newton method. The third,

the most important, is the nonlinearity. As shown in Fig.

4, the weighting function presents nonlinear characteristic

in two terminal saturating parts but approximately presents

linear characteristic in the middle non-saturating part. Thus,

according to (5), the ACMI is mostly determined by one of

two ECC functions at two terminals ( gradient field ECC

for the left terminal and intensity ECC for the right), but

equals the sum of two ECC functions with similar weights

in the middle part. This weight-similar sum probably leads

to severe roughness of ACMI. So the weighting function

should shorten its unexpected middle linear part and lengthen

the terminal saturating parts. But extremely nonlinearity can

make middle part of weighting function exceedingly steep,

and therefore destroy the differentiability of ACMI function.

By experience, 0.04 is a practical choice for T . In term

of these properties, f(v(Ei, Eg)) is a desirable weighting

function for combination of registration functions.

As shown in Fig. 2 (a) and Fig. 3 (a), the original images

contain abundant information. This has two effects on their
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(a) (b) (c) (d)

Fig. 2. A slice of 3D GCM of MRI T1. (a) original image, (b) gradient
magnitude map, (c) gradient phase map, (d) GCM (Δρ = 1/16, Δθ = π/8,
Δφ = π/8 and Th=0.10).

ECC function. One hand, the abundant information makes

the similarity measure of two images more reliable, i. e.

the global maximum corresponds to the correct alignment

approximately, so the ECC function presents a tendency of

convergence to this global maximum. On the other hand,

abundant information means strong non-uniformity of inten-

sity across voxels, then the ECC function is easily influenced

by intensity interpolation, and thereby presents many local

maxima leading to misregistration [3].

Compared to their original images, as shown in Fig. 2

(d) and Fig. 3 (d), GCMs contain less information (most

voxels have zero intensity value except ones at edges of

some tissues). This comparatively higher intensity uniformity

reduces the effect of intensity interpolation on ECC function

of two maps and therefore makes it smoother [3]. Addition-

ally the edge information in GCMs can provide reliable and

accurate spatial information for the similarity measure of

images. However, in the neighborhood of global maximum,

this ECC function often presents plateaus or valleys making

its convergence to global maximum difficult.

According to their complementary properties, these two

ECC functions are combined as a new registration function

(ACMI) by (5) with a weighting function whose value

varies with the sum of two ECC values. Thus at the coarse

registration stage, the ACMI depends mostly on gradient

field ECC due to low sum of ECC values and presents a

smooth property facilitating the convergence to the basin of

global maximum. At the fine stage, the ACMI is determined

mostly by intensity ECC for which the gradient field ECC

is a supplement. The higher the sum of ECCs is, the more

reliable the intensity ECC is, therefore the more the ACMI

depends on it than on gradient field ECC. This coarse-to-fine

and gradient-to-intensity strategy guarantees the convergence

to global maximum corresponding to correct alignment.

III. RESULT

The brain image pairs (MRI T1, PD, T2 and their rectified

versions vs. PET) are provided by Vanderbilt University [10].

To evaluate the performances of traditional ECC and ACMI

for image pairs with low resolution or small overlapped area,

two types of image pairs are generated from each original

image pair , namely sub-sampled version (subsampled by a

factor of two in three axes respectively) and small-overlapped

version (50% overlapped region of original pairs). For the

following experiments, by experience, the Δρ, Δφ and Δθ

of gradient coder are 1/16, π/8 and π/8, respectively, and

(a) (b) (c) (d)

Fig. 3. A slice of 3D GCM of PET. (a) original image, (b) gradient
magnitude map, (c) gradient phase map, (d) GCM (Δρ = 1/16, Δφ =
π/8, Δθ = π/8 and Th=0.16.)

Fig. 4. Weighting function f(v(Ei, Eg)) with T =0.01 (green), T =0.04
(red) and T =0.1 (blue), respectively.

the threshold Th for each type image is: 0.10 for MRI T1,

0.08 for MRI T2, 0.12 for MRI PD and 0.16 for PET.

Fig. 5 describes three types of registration functions of a

PET/MRI T1 pair, namely intensity ECC (traditional ECC

), gradient field ECC and their adaptive combination ACMI

vs. displacements in horizontal and vertical orientation. For

each image version, ACMI function is smoother and more

reliable than intensity MI. For the sub-sampled version, the

intensity ECC function presents many local maxima and two

global maxima; the gradient field ECC function presents less

local maxima but a narrow valley at the bottom hindering

the optimization from reaching the global maximum. For

the small-overlapped version, the intensity ECC function

also has multiple local maxima and one global maximum

corresponding to the correct alignment approximately; the

gradient field ECC is comparatively smoother but presents a

plateau at the bottom not including the point corresponding

to the correct alignment. So even the global optimization

method such as Simulated Annealing is applied to these

versions, the correct alignment is not guaranteed.

For each image pair, the registrations are applied to its

three type versions with traditional ECC and ACMI, respec-

tively. Partial volume interpolation and simplex downhill op-

timization methods are employed in these registrations. The

accuracy of each registration is evaluated by ”Retrospective

Image Registration Evaluation” project using bone-marker-

based gold standard (See [10] for more detail). Table I

summarizes the results of registrations, and the values therein

are the errors of distances between the gold standard and

the centroids of volume of interest (VOIs) transformed from

floating image by our methods.

For each of three image versions(original version, sub-

sampled version and small-overlapped version), a paired

student t test on ECC types reveals that the results of ACMI

are significantly more accurate than those of traditional

ECC (p <0.01 for original version, p <0.0001 for sub-

sampled version and small-overlapped version). For each of

ECC type (ACMI/traditional ECC), The one-way analysis of
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(a) (b) (c)

Fig. 5. Registration function (PET/MRI T1) vs. displacement in horizontal and vertical axes. Column (a): intensity ECC; column (b): gradient field ECC;
Column (c): ACMI. From top to bottom: registration functions of (i) original images; (ii) sub-sampled version; (iii) small-overlapped version.

TABLE I

ACCURACY COMPARISON OF TRADITIONAL ECC VS. ACMI

(TRADITIONAL ECC/ACMI)(MM).

PET-MRI(Rectified) PET-MRI
Median Maximum Median Maximum

Original images
T1 2.78/2.38 4.96/4.22 3.19/2.63 8.37/5.43
T2 1.91/1.39 6.37/5.51 3.15/2.72 9.15/6.08
PD 2.46/1.62 6.19/3.41 3.07/2.37 8.13/6.74

Sub-sampled version
T1 4.13/3.40 8.25/7.48 4.62/3.51 10.37/8.83
T2 4.14/3.06 9.18/5.10 5.25/4.83 16.15/7.07
PD 3.07/2.59 12.94/5.36 4.17/3.03 11.82/6.33

Small-overlapped version
T1 4.15/3.33 5.78/7.17 3.33/2.61 10.85/6.72
T2 3.34/2.20 8.37/4.94 4.17/3.21 12.05/7.38
PD 3.98/2.84 8.18/5.11 3.16/3.39 9.10/6.91
For each column, the left numbers of solidus ( / ) correspond
to the traditional ECC and the right to the ACMI.

variance (ANOVA) on three image versions finds significant

difference for traditional ECC (p <0.001), but not for ACMI

(p >0.05). This reveals that ACMI function is much less

sensitive to the reduction of resolution or overlapped area

of images than the traditional ECC. In addition, sub-pixel

accuracy is obtained in all registrations with ACMI.

IV. DISCUSSION AND CONCLUSION

We have proposed a technique for multi-modal image

registration based on adaptive combination of intensity and

gradient field mutual information, i.e. ACMI, which com-

bines the advantages of these two MI function and overcomes

the roughness and unreliability of the traditional MI function.

Results of simulated data experiments and the actual registra-

tion both demonstrate that ACMI function not only has better

performance but also presents less sensitivity to the reduction

of resolution or overlapped area of two images compared

with the tradition MI. So ACMI function is suitable for the

registration of low-resolution images or impaired images. We

will apply this method to non-rigid registration in near future.

ACKNOWLEDGMENTS

The images and the standard transformation(s) were pro-

vided as part of the project, ”Retrospective Image Registra-

tion Evaluation”, Vanderbilt University, Nashville, TN.

REFERENCES

[1] P. Viola and W. M. Wells III. Alignment by maximization of mutual
information. In Proc. 5th Int. Conf. Computer Vision, pages 16–23,
Cambridge, MA, 1995.

[2] F. Maes, A. Collignon, D Vandermeulen, G. Marchal, and Paul
Suetens. Multimodality image registration by maximization of mutual
information. IEEE Trans. Med. Imag., 16(2):187–198, 1997.

[3] J. P. W. Pluim, J. B. A. Maintz, and M. A. Viergever. Interpolation
artefacts in mutual information-based image registration. Computer
Vision and Image Understanding, 77(2):211–232, 2000.

[4] Jeffrey Tsao. Interpolation artifacts in multimodality image registration
based on maximization of mutual information. IEEE Trans. Med.
Imag., 22(7):235–260, 2003.

[5] J. P. W. Pluim, J. B. A. Maintz, and M. A. Viergever. Image
registration by maximization of combined mutual information and
gradient information. IEEE Trans. Med. Imag., 19:809–814, 2000.

[6] E. Haber and J. Modersitzki. Intensity gradient based registration
and fusion of multi-modal images. Technical Report TR-2004-027-A,
Department of Mathematics and Computer Science, Emory University,
Atlanta GA 30322, Jun 2004.

[7] Xiaoxiang Wang and Jie Tian. Image registration based on maximiza-
tion of gradient code mutual information. Image Anal Stereol, 24:1–7,
2005.

[8] F. Maes. Segmentation and registration of multimodal medical images:
From theoty, implementation and validation to a useful tool in clinical
practice. Ph.D., Catholic University of Leuven, Leuven, Belgium,
1998.

[9] P. E. Hart R. O. Duda and D. G. Stork. Pattern Classification Second
Edition. China Machine Press, Beijing, 2004.

[10] J. West and J. M. Fitzpatrick et al. Comparison and evaluation
of retrospective intermodality brain image registration techniques.
Journal of Computer Assisted Tomography, 21(4):554–566, 1997.

1432


	MAIN MENU
	Go to Previous Document
	CD-ROM Help
	Search CD-ROM
	Search Results
	Print


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /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 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. 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 suitable for export to IEEE PDF eXpress. May 2005. PaperCept.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


