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An image analysis algorithm to measure the diameters of carbon
nanotubes

Abstract. Carbon nanotubes (CNTs) have excellent properties, and wide application fields are expected. The diameters of the tubes influence the
physical properties of CNTs. This paper proposes an image analysis algorithm to measure the diameters of CNTs to automate human measurement
work. We have confirmed that the mean value of the diameters measured by our algorithm was close to that obtained by human measurement work.
We also measured the diameters of the CNTs after laser annealing, and demonstrated the changes of the mean values of the diameters.

Streszczenie. Nanorurki weglowe (CNT) majg doskonate wiasciwosci i potencjalnie szeroki zakres zastosowan. Srednice nanorurek zalezg od
fizycznych wtasciwosci CNT. W pracy zaproponowano zautomatyzowany, bazujgcy na analizie obrazu, algorytm pomiaru $rednic CNT.
Potwierdzono, ze $rednie warto$ci zmierzonych za pomocg zaproponowanego algorytmu $rednic nanorurek weglowych majg warto$ci bliskie
otrzymanym za pomocg pomiaru manualnego. Stwierdzono wptyw wyzarzania laserowego na zmiany $rednich wartoéci $rednic CNT. (Algorytm
pomiaru Srednic nanorurek weglowych bazujgcy na analizie obrazu)

Keywords: carbon nanotubes, scanning electron microscopy, image processing, diameter measurement of CNTs
Stowa kluczowe: nanorurki weglowe, elektronowy mikroskop skaningowy, przetwarzanie obrazu, pomiary $rednicy nanorurek.

Introduction

Since the discovery of carbon nanotubes (CNTs) [1],
numerous researchers have investigated single-walled
nanotubes (SWNTs), multi-walled nanotubes (MWNTS),

The diameter measurement was carried out for the
MWNTs SEM images by the proposed algorithm. We
confirmed that the mean value of the diameters measured
by using our algorithm approximated that measured by

human visual work. We also measured the diameters of the
CNTs before and after laser annealing by using our
algorithm, and demonstrated the changes of statistical
values of the diameters.

their growth methods, geometrical characteristics, physical
properties, alignment mechanism, applications, etc. In
Przeglad Elektrotechniczny (Electrical Review), researches
on CNTs have been reported [2, 3]. We have also
investigated several characteristics of CNTs [4-6].

The diameters of CNTs have a huge effect on their
physical properties. It is also very important to evaluate the
uniformity of the diameters of CNTs in order to increase the
uniformity of the geometrical and physical characteristics of
CNTs for their applications. The diameters of CNTs are
generally estimate manually using the image taken by
scanning electron microscopy (SEM) or transmission
electron microscopy (TEM). Such human visual works are
extremely inefficient.

The most popular methods to estimate the diameters of
CNTs are to use Raman spectroscopy [7-9]. However, the
methods estimate only the diameters in the region of the
Raman laser irradiation. Therefore, these methods cannot
provide the variations of numerous diameters, and also
cannot estimate the uniformity of diameters in a wide
measurement area.

Recently, a few methods to measure the geometrical
characteristics of CNTs using image processing have been
proposed [10-12]. A measurement method for the
characteristics of MWNTs has been proposed [10]. This
method provides outer radius, inner radius, and a physical
characteristic of MWNTs. However, the selected areas to
measure MWNTSs are restricted by the image segmentation
procedures. Therefore, it is not effective to evaluate the
uniformity of the diameters of CNTs in a wide area. To
analyse the SEM and TEM images and to get the
distribution of the diameters, an image processing
technique has been proposed [11]. However, this image
processing method is semi-automated not automated, and
its algorithm is not described in detail. Another image
processing algorithm has been proposed to analyse the
chirality of a carbon nanotube [12]. However, this method
cannot be used to measure the diameters of CNTs.

In this paper, we propose a diameter measurement
algorithm using image processing for wide areas of CNTs
SEM images. Proposed algorithm provides the numerous
values of diameters detected by x-direction and y-direction
scans in the binary images.

Proposed algorithm to measure the diameters of CNTs

Fig. 1 shows a MWNTSs image taken by SEM. First of all,
two kinds of pre-processing are done. First pre-processing
is to reverse the gray levels of the original image. Second
pre-processing is to add the white color frame to the outer
circumference of CNTs image. The second pre-processing
is necessary to detect CNTs regions located in the
circumference of the image frame.
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Fig. 1. A MWNTSs original image taken by SEM
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Fig. 2. A reversed image and its measurement area
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The proposed program measures the diameters of
CNTs in the rectangle surrounded by four points Py-P; as
shown in Fig. 2. The mixture area of image and characters
is not measured because each pixel cannot be
distinguished between image and character. Fig. 2 also
shows x and y coordinates.
The program is mainly composed from the image
processing and the measurement of the diameters of CNTs | Convert the image into 8-bit grayscale image |

as shown in Fig. 3.

| Input the scale unit |

{

I Input a CNTs 24-bit color image I

b

| Histogram equalization |

Median filtering

I Binarization by Otsu’s method I

I

| | Image Processing I |

| Opening operation |

Measure the diameters of CNTs - -
I Closing operation I

v
Fig. 3. Main program of the diameter measurement Fig. 5. Program of the image processing
After the start of the image processing, the scale unit

should be inputted. The both ends of the scale bar are
pointed with a mouse, and the unit value is inputted as
shown in Fig. 4. The input data are used to convert the
numbers of pixels into the real lengths. Fig. 5 exhibits the
flow chart and the explanation of the image processing. The

| Input the binary image |

v

I Set the parameters I

24-bit color image is converted to 8-bit grayscale image, v

and the histogram equalization is carried out to emphasize | | Search CNTs regions in x-direction | |
the contrast. Then, the noise is reduced by the median filter. ¥

After that, the automatic binarization is performed using | | Search CNTs regions in y-direction | |
Otsu’'s method [13]. We have confirmed that the Otsu's

method is effective for the binarization of CNTs images. [Show the outputimage |

Fig. 6. Flow chart of measuring the diameters of CNTs

Loop 1

»=0; y==y_max; y++

scale bar

Fig. 4. Scale area in a CNTs SEM image X:g;xiii‘ini; e

Original images obtained by SEM have many scanning
noise due to the mechanism of SEM. The noise is still
remained after image binarization. So, it is important to
reduce the noise in binary images. Opening and closing
operations are generally used to reduce noise in binary
images. Although the iteration of opening and closing
operations reduce the noise, the shapes of tubes in binary

Pixel value
Ax-1, 3)=255(white)

images are changed. One-time opening and closing | Measure CNT lengths in five directions |
operations do not change the shapes of tubes in binary T

images. However, they do not reduce the noise. Therefore, e o vate of The Tve Tengine s
we examined that the number of iteration of opening and | regarded as the diameter I
closing operations is effective to reduce the noise without : _
the influence for the shapes of tubes. The result showed | 82?29;.3?'5;332“‘9 diamefer fine in he
that three times of the iteration is best.

After the CNTs binary image is created, the
measurement of diameters of the CNTs is performed. The
flow chart of the measurement program is shown in Fig. 6.
In this program, x-direction and y-direction scans are
executed to search CNTs, and measure the diameters. The
procedure how to measure the diameters is explained in Fig.
7 using x-direction scan. Fig. 7. Flow chart of searching CNTs regions in x-direction
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Fig. 8. Explanation of the procedure for searching CNTs regions in x-direction scan and y-direction scan

At first, the y axis is fixed, and x-direction scan starts. If
the pixel value at x is O (black) and the pixel value at the x-1
is 255 (white), the program recognizes that the x position is
the edge of a CNT, and starts counting black pixels in five
directions of 0, 25, 45, 315 and 335 degrees shown in Fig.
8a). The minimum length in the 5 measured lengths is
regarded as the diameter. The length of a square pixel is
changed depending on the direction. As shown in Table 1,
the length of a pixel is corrected by using the unit length for
each direction on the basis that the side length of square
pixel is one. To convert the counted pixels into the real
length, the algorithm uses the real length of one pixel which
is measured and computed just after the start of the image
processing. The diameter d of CNT is calculated by:

d =min(7,0 - Lpos My25 - Lps: Mpas - Lpas.

(1) My315-Lp315: Mp335 - Lp335)- L,

where ny, n,s, Mus, M35 and n,y3s show the numbers of
pixels which are obtained by scanning in five directions: 0,
25, 45, 315 and 335 degrees; Ly, Lys, Lpss, Ly31s and Lyyss
show the unit lengths in five directions shown in Table 1;
and L, shows the real length for the side length of one
square pixel. This process is repeated by increasing y
positions.

After x-direction scan, the scan direction is changed,
and y-direction scan is executed like the x-direction scan. In
y-direction scan, five directions of 225, 245, 270, 295 and
315 are used as shown in Fig. 8 b).

Table 1. Unit length for each direction

Unit length for
Degree each direction
0 1
25, 245, 295, 335 1.10338
45, 225, 315 1.41421

Our algorithm detects also remained noise and other
parts except diameter regions. Therefore, the upper and
lower limits to be considered as the diameters must be
decided. We measured the diameters of CNTs without the
upper and lower limits, and obtained the distribution of the
diameters. Fig. 9 shows the distribution of the diameters for
the image as shown in Fig. 1. We can consider that the
distribution of diameters approximates a normal distribution.
So, appearance of the valley in Fig. 9 shows the

contamination of noise and other parts except the diameters.

Therefore, the lower limit is decided at the valley of lower
diameter side of the distribution. Then, we created again the
distribution excluding the part of the data lower than the
valley. We assumed this distribution as a normal distribution,
and computed the mean value p and the standard deviation
o. We decided that the upper limit is the value of u + 1.96c.
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Fig. 9. Distribution of measured diameters

Fig. 10. Diameter detection result

CNTs image measurement experiment and its result

We have developed our algorithm with Visual C++ 2008
and computer vision library OpenCV [14]. In this
experiment, we decided that the scanned vertical length
between P, and P, in Fig. 2 was set to 70 % of the height of
the image.

We have applied above mentioned statistical method to
the processing of CNTs image shown in Fig.1, and obtained
that the lower and upper limits are 19 nm and 70 nm
respectively. The obtained range approximates the ranges
shown in many literatures. The size of the image shown in
Fig. 1 is 4,400 X 3,200 pixels.
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Attenuator

Nd:-YAG Laser
(single shot)

A =532nm

Fig. 11. Laser anneal apparatus

Table 2. Irradiation conditions

Lens

CNTs thin film

f=200mm

Stage
controller

Laser energy density

33.82-247.51 mJ/cm?

Irradiation frequency

1 shot

Gas

N2, Air

Table 3. Results of laser anneal experiments in N, atmosphere

Laser energy | Before 146.78 188.51 247.51
density annealing | mJiem® | mJiem® | mJicm?
Number of | 44,800 51,101 41,636 31,235
detection in

both x- and y-

direction

scans

Mean value of | 21.9 21.7 25.1 25.8
diameters nm nm nm nm
Standard 9.34 10.06 10.28 10.70
deviation of | nm nm nm nm
diameters

Table 4. Results of laser anneal experiments in air atmosphere
Laser energy | Before 33.82 151.10 217.29
density annealing | mJicm® | mJiem® | mJiem?
Number of | 44,800 48,579 47,527 38,784
detection in

both x- and y-

direction

scans

Mean value of | 21.9 241 21.4 28.4
diameters nm nm Nm nm
Standard 9.34 8.93 10.43 12.17
deviation  of | nm nm nm nm
diameters

a) Before annealing

'y

-

g\ 4

Fig. 10 shows the diameter detection result for the CNTs
image shown in Fig. 1 in which detected diameters are
displayed in green. We can see that the proposed algorithm
detects well the parts of diameters in the wide area. In x-
direction scan, 12,599 diameters were detected and their
mean value was 35 nm. In y-direction scan, 12,655
diameters were detected and their mean value was 34 nm.
We confirmed that both scan results were close to each
other. Moreover, we measured 100 diameters by human
visual work, and the mean value of the 100 diameters was
36 nm. The results using our algorithm approximated to the
result by human visual work. In the human visual work, we
took about one minute to measure one diameter. It is very
difficult to measure a lot of diameters within a CNTs image
by such human visual work. Therefore, the accuracy and
effectiveness of our algorithm have been verified.

Laser anneal experiments and their results

The pulse laser light was irradiated to CNTs with the
experimental apparatus shown in Fig. 11, and the CNTs
were laser annealed. Table 2 shows the irradiation
conditions.

We measured the diameters of CNTs before and after
laser annealing by using our algorithm. Tables 3 and 4
show the diameter measurement results of CNTs before
and after laser annealing in Nz and air atmospheres,
respectively. Figs. 12 and 13 show the diameter detection
results for CNTs images before and after laser annealing in
N2 and air atmospheres, respectively. The tendency that the
diameters of CNTs grew as the laser energy density larger
was seen from the results.

Conclusion

In this paper, we proposed an image analysis algorithm
to measure the diameters of CNTs to automate the human
visual work. The developed program could detect the
diameters of CNTs, and calculate precisely the statistics
such as the mean values and the standard deviations of the
diameters.

Fig. 12. Diameter detection results for CNTs images before and after laser annealing in N, atmosphere
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a) Before annealing

b) 33.82 md/cm?

Fig. 13. Diameter measurement results for CNTs images before and after laser annealing in air atmosphere

We also measured the diameters of the CNTs before
and after laser annealing by using our algorithm, and
demonstrated the changes of statistical values of the
diameters. We will research the principle that the diameters
of CNTs grew as the laser energy density larger.

We suppose that this algorithm is useful to evaluate the
diameters of the CNTs not only for the management of the
CNTs products but also for the optimization of CNTs
preparation processes.

REFERENCES

[1] lijima S., Helical microtubules of graphitic carbon, Nature, 354
(1991), 56-58

[2] Susta B., Kaminski M., Electric properties of carbon nanotubes,
Przeglad Elektrotechniczny (Electrical Review), 80 (2004),
No.11, 1074-1077

[3] Kolacinski Z., Nanoproducts born in plasma to overtake oil and
energy crisis, Przeglad Elektrotechniczny (Electrical Review),
85 (2009), No.5, 131-134

[4] Nakamiya T., Ueda T., Ikegami T., Mitsugi F., Ebihara K.,
Tsuda R., Pulsed laser heating process of multi-walled carbon
nanotubes film, Diamond & Related Materials, 17 (2008), 1458-
1461

[5] Nakamiya T., Ueda T., lkegami T., Mitsugi F., Ebihara K.,
Sonoda Y., Iwasaki Y., Tsuda R., Effect of a pulsed Nd:YAG
laser irradiation on multi-walled carbon nanotubes film, Thin
Solid Films, 517 (2009), 3854-3858

[6] Nakamiya T., Mitsugi F., Semba K., Kozai R., lkegami T.,
Iwasaki Y., Sonoda Y., Tsuda R., Pulsed Nd:YAG laser heating
and treatment on multi-walled carbon nanotubes film, Thin
Solid Films, 518 (2010), 6604-6608

[7] Jorio A., Saito R., Hafner J.H., Lieber C.M., Hunter M., McClure
T., Dresselhaus G., Dresselhaus M.S., Structural (n, m)
Determination of isolated single-wall carbon nanotubes by
resonant Raman scattering, Physical Review Letters, 86 (2001),
No. 6, 1118-1121

[8] Ren W., Li F., Chen J., Bai S., Cheng H-M., Morphology,
diameter distribution and Raman scattering measurements of
double-walled carbon nanotubes synthesized by catalytic
decomposition of methane, Chemical Physics Letters, 359
(2002), 196-202

[9] Antunes E.F., Lobo A.O., Corat E.J., Trava-Airoldi V.J.,
Influence of diameter in the Raman spectra of aligned multi-
walled carbon nanotubes, Carbon, 45 (2007), 913-921

[10]Gommes C., Blacher S., Masenelli-Varlot K., Bossuot Ch.,
McRae E., Fonseca A., Nagy J.-B., Pirard J.-P., Image analysis
characterization of multi-walled carbon nanotubes, Carbon, 41
(2003), 2561-2572

[11]Sarkar A., Banerjee R., A quantitative method for
characterization of carbon nanotubes for hydrogen storage,
International Journal of Hydrogen Energy, 29 (2004), 1487-
1491

[12]Bunes B.R., Catravas P.E., Hagerman M.E., Image processing
algorithm for analysing chirality in carbon nanotubes,
Proceedings of 8th IEEE Conference on Nanotechnology, 424-
427

[13]Otsu N., A threshold selection method from gray-level
histograms, IEEE Transactions on Systems, Man, and
Cybernetics, 9 (1979), No. 1, 62-66

[14]Bradski G., Kaehler A., Learning OpenCV, O'Relly Media,
(2008)

Authors: prof. dr Yoichiro Iwasaki, E-mail: iwasaki@tokai.ac.jp,
prof. dr Toshiyuki Nakamiya, E-mail: nakamiya@tokai.ac.jp, mr
Ryosuke Kozai, E-mail: 0bijm002@mail.tokai-u.jp, Graduate School
of Industrial Engineering, Tokai University, 9-1-1 Toroku,
Kumamoto 862-8652, Japan;, dr Fumiaki Mitsugi, E-mail:
mitsugi@cs.kumamoto-u.ac.jp, prof. dr Tomoaki lkegami, E-mail:

ikegami@cs.kumamoto-u.ac.jp, Graduate School of Science and

Technology, Kumamoto University, 2-39-1 Kurokami, Kumamoto
860-8555, Japan.

PRZEGLAD ELEKTROTECHNICZNY (Electrical Review), ISSN 0033-2097, R. 87 NR 12a/2011 29




<<
  /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


