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Abstract—In this paper, effect of atmospheric turbulence and
the measurement method of Fried’s parameter 7, that is
needed to evaluate the turbulence are summarized. We tried
the measurement of Fried’s Parameter using DIMM
(Differential Image Motion Monitor) method. But the
influence of extension of the image by having used a prism is
seen in the measurement result. So we propose geometric
correction and inspect its validity of the correction.
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. INTRODUCTION[1][2]

Year by year, satellite sensor has become high resolution and
wide observation breadth, and communication traffics tend to
increase. We regard optical communication as the technology
to deal with large-capacity data. But, in order to put optical
communication into practice, there are some difficulties such
as interception by clouds and atmospheric turbulence. When
light propagates space with the atmosphere, angle of arrival
fluctuation is caused by the changes of the random refractive
index, absorption and dispersion. Angle of arrival fluctuation
causes attenuation or fluctuation of receiving power and beam
spot dancing. This effect may cause deterioration of the
communication quality.

Against that, we can take countermeasures to reduce the
influence of the fluctuation by measuring atmospheric
coherence length (Fried’s Parameter).

In this report, we use DIMM method to measure Fried’s
Parameter. But, the influence of extension of the image by
having used a prism is seen in the measurement results. So we
perform geometric correction introduced to the data obtained
by experiment and inspect its validity of the correction. As a
result, we show that we can measure a value of appropriate
Fried’s Parameter by using this correction.

II. DIMM

DIMM is one of the methods to measure Fried’s Parameter.
Fried’s Parameter is defined that the root mean square phase
distortion over a circular of diameter of r, is about 1
radian[3]. Figure 1 shows DIMM’s mechanism. We attach a
mask with some apertures covered with an optical prism to the
front of the telescope and install CCD camera behind them.
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Table 1 shows specifications of the telescope. Observing a
light source through this instrument, the light arrives on a
telescope is refracted by a prism and we obtain two images
from one light source. Atmospherically distorted wave fronts
are detected by two images. By calculating variance of relative
position of each centroid o, we can find Fried’s Parameter.

From a condition of the size of aperture, this DIMM can
measure correctly when Fried’s Parameter is 3cm ~ 7cm.

We can calculate for two directions (see Figure 2). One is
longitudinal direction that is parallel to direction between
apertures (direction L). Another is transverse direction that is
perpendicular to direction between apertures (direction T).
The equations written as[4]

o = 22%1;,°/°(0.179D71/3 - 0.0968d1/3)
0% = 22%1,*/(0.179D7/% - 0.145d"1/3)

(1.1)
(1.2)

where o; is the variance of relative position of each centroid
of longitudinal direction, o7 is that of Transverse direction,
7o, 18 Fried’s Parameter of longitudinal direction, rg,.is that of
transverse direction, d is distance between apertures, D is
mask aperture diameter and A is wave length.
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Figure 1. DIMM mechanism.

Broken lines show the path that refracted light goes through.
If we do not use a prism, the light that passed each aperture
reflects an image in the same place, that is to say one image.
But, in setting up a prism and refracting unilateral light, we
can separate two images.
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Figure 2. Shape of the mask with two apertures

Table 1. Specifications of telescope and mask

Telescope aperture 100 mm
Focal length 800 mm
Mask aperture diameter D 20 mm
Distance between apertures d 80 mm
Prism vertical angle 0.5 deg

III. EXPERIMENT AND RESULT

We observed the polestar from National Institute of
Information and Communications Technology (NICT),
Koganei. We installed experimental equipment so that the
direction between apertures became level to the ground.

A. Image Extension

It became clear that the image that was made by the light that
passed a prism was extended to the direction where light is
refracted by the prism(see Figure 3). So, the variation of the
centroid position was enlarged apparently. Due to this effect,
Fried’s Parameter of the horizontal direction that is the
direction between apertures became small.

In this experiment, I used the prism for only one aperture. So
we try to think about the case that not used prisms and used
two prisms on each aperture.

When we do not use prisms either, we cannot separate each
images.

And, when we set up a prism for each aperture, because of
difference in the vertical angle of each prism, two images are
enlarged in a different ratio. So, just because we set up two
prisms, we cannot measure an accurate Fried's Parameter.

(a) (b)
Figure 3. Expanse of the image.
(a): The image that was made by the light refracted. We can
find the expanse of the image.
(b): The image that was made by the light that went straight
on.
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B. Geometric Correction Method

Therefore, to try revision, we make another mask that has
three apertures and their directions between apertures are at
right angles. We observe each direction by different
combination of apertures at the same time (see Figure 4). We
set up a prism in aperture A and C.

Aperture A

Aperture diameter
D

Direction Tz |
<> | Direction Las
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d

Aperture C
Direction Lsc

Aperture B ﬁDirectiOﬂ Tac

Figure 4. Shape of the mask with three apertures.

Table 2. Specifications of mask with three apertures

Mask aperture diameter D 20 mm
Distance between apertures d 5.65 mm
Prism vertical angle 0.5 deg

As shown in Figure 4, Fried’s Parameter of direction T
observed in aperture A and B at the position of the top and
bottom and that of direction L observed in aperture B and C at
the position of right and left are should become the about the
same value, because we observe the neighboring same
direction. So, we try revision to this observation result, and
inspect validity of the correction.

Table 3 . Image size

Normal Through a prism
Width Wy | Height Hy | Width W, | Height Hp
6.417 pix 5.076 pix 7.613 pix 4.233pix

We found that the size of length and breadth changed like a
Table 3 whether light passed a prism. And, reduction in light
quantity to transmit causes the reduction of the height of
image(See Table 4). After comparing the maximum of the
brightness of each image, the image of the aperture where set
up a prism tended to be a small value.

Table 4. Total of the brightness level of image

Normal Through a prism

total of the brightness

level of image 3033 2400

In adding revision so that this aspect ratio becomes the same
value, we may give revision to the enlarged centroid
fluctuation of the image.
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Figure 5. The example of image photographed by the CCD
camera.

We set up a prism in aperture A and C. By a prism installing
in aperture C, the light is refracted laterally, and by that
installing in aperture A, the light is refracted in lengthwise
direction. X shows lateral pixel position of the image. ¥ shows
lengthwise pixel position of the image.

We perform correction to the data that we observed in
aperture B and C. The prism is set up by aperture C. We revise
in the L direction affected by the refraction by the prism. The
change of X; is influenced by a prism, so we perform
correction to the change of X3. Xs., that is X5 after
having revised is written as;

Wy/Hy

X3cor:X_3+W
p/fp

(X3 — X3) (2)

where X3 shows the mean value of X; in all images. So
difference of the relative position of the images of aperture B
and C [/ is written as;

Iy = Xzcor — X2
ly=Y;-Y,

(3.1)
(3.2)

In addition X expresses the coordinate of the longitudinal
direction, and Y expresses the coordinate of the transverse
direction. Consequently, variance of the difference of the
relative position of two images o is written as;

N
1 —
o =5 (=) (4.1
) iTVl
or =5 (=) (42)
i=1

where i shows the image number, N shows the number of all
images, Iy shows the mean value of Iy in all images, Iy
shows the mean value of [, in all images. And, by using the
equation (1.1) and (1.2), we can find Fried’s Parameter.

We perform this correction for data of aperture A and B

equally. In the case of aperture A and B, the direction
refracted by a prism is a lengthwise direction. The prism is set

up by aperture A, so we perform correction to the change of ;.
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C. Result

We show the comparison of results before and after
correction.
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Figure 6. Comparison of result before and after correction.
“after” means data after the correction and “before” means
data before the correction.

Table 5. Average of Fried’s Parameter of each direction

Direction Lsc Direction Lzc

Direction Tas

(after) (before)
Horizontal 2.935cm 3.014cm 2.242cm
Direction T Direction Las Direction Las
irection Tsc (after) (before)
Elevation 3.086¢cm 2.975cm 2.522cm

As shown Figure 6 and Table 5, by trying correction, as for
the Fried’s Parameter of the horizontal direction, each
calculated value became nearly the same and we found that we
could reduce the effect of the prism. And, as a result of having
tried similar revision to elevation direction, we can also reduce
the effect of the prism.

Therefore, even if we used the mask with two apertures, we
able to measure a value of appropriate Fried’s Parameter by
adopting this correction.

IV. CONCLUSION

We are able to make DIMM using the small telescope of
diameter 10cm. For a problem that a star image enlarged by a
prism, we try revision. As a result, we could reduce effect of
that. We can measure an appropriate value of Fried’s
Parameter in both directions
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In future, it is necessary to study a cause of this expanse and
perform theoretical inspection.

REFERENCE
[1]JHamid Hemmati, ”Deep Space Optical Communication”,
Wiley-InterScience, 2006.
[2]M. Toyoshima, Y. Takayama, T. Takahashi, K.Suzuki,
S.Kimura, K.Takizawa, T. Kuri, W. Klaus, M. Toyoda, H.
Kunimori, and T.Jono, “Laser beam propagation in
ground-to-OICETS laser communication links, “ J.Space
Technology and Science ,vol.23, pp.30-45, 2007.
[3]Franceois Roddier, “Adaptive Optics in Astronomy”,
Cambridge University Press, 1999.
[4]A.Tokovinin, “From Differential Image Motion to Seeing”,

Publication of the Astronomical Society of the Pacific,
114:1156-1166, 2002.

Copyright (C) ICSOS2014. All Rights Reserved.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /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 /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /@JustEditMark
    /ACaslonPro-Bold
    /ACaslonPro-BoldItalic
    /ACaslonPro-Italic
    /ACaslonPro-Regular
    /ACaslonPro-Semibold
    /ACaslonPro-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeFangsongStd-Regular
    /AdobeFanHeitiStd-Bold
    /AdobeGothicStd-Bold
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeKaitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobeSongStd-Light
    /AGaramondPro-Bold
    /AGaramondPro-BoldItalic
    /AGaramondPro-Italic
    /AGaramondPro-Regular
    /AGENDAJinmeiGothictaiL1-M
    /AGENDAJinmeiGyoshotaiL1
    /AGENDAJinmeiPGothictaiL1-M
    /AGENDAJinmeiPGyoshotaiL1
    /AGENDAJinmeiPSeikaishotaiL1
    /AGENDAJinmeiSeikaishotaiL1
    /AGENDAJinmeiSGothictaiL1-M
    /AGENDAJinmeiSGyoshotaiL1
    /AGENDAJinmeiSSeikaishotaiL1
    /Aharoni-Bold
    /AndaleMonoIPA
    /Andalus
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Aparajita
    /Aparajita-Bold
    /Aparajita-BoldItalic
    /Aparajita-Italic
    /APJapanesefontT
    /ArabicTypesetting
    /ArdourGM
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /Arisawa-Gyosho
    /Arisawa-Kaisho
    /ASKaiSho-Bd
    /Atomic
    /azuki_font
    /Batang
    /BatangChe
    /BirchStd
    /BlackoakStd
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BradleyHandITC
    /BRG-Fudekaisyo-Seiryu
    /BRG-Penji-Koibumi
    /BRG-Reisyo-Reiryu
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScriptStd
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /ChaparralPro-Bold
    /ChaparralPro-BoldIt
    /ChaparralPro-Italic
    /ChaparralPro-Regular
    /CharlemagneStd-Bold
    /cinecaption
    /CitrusFruits
    /ComicSansMS
    /ComicSansMS-Bold
    /ComicStudio-EXP
    /ComicStudio-GAj
    /ComicStudio-GTa
    /ComicStudio-PGA
    /ComicStudio-TN
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlackStd
    /CooperBlackStd-Italic
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /DaunPenh
    /David
    /David-Bold
    /dejima-mincho
    /DFKaiShu-SB-Estd-BF
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /DokChampa
    /Dotum
    /DotumChe
    /Ebrima
    /Ebrima-Bold
    /EstrangeloEdessa
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EuphemiaCAS
    /F910ComicW4-IPA
    /FangSong
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Gabriola
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Gautami-Bold
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GiddyupStd
    /Gisha
    /Gisha-Bold
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /HakusyuKaisyo_kk
    /HakusyuKaisyoExtraBold_kk
    /HakusyuKointai_kk
    /HakusyuReisyo_kk
    /HGGothicE
    /HGGothicM
    /HGGyoshotai
    /HGKyokashotai
    /HGMaruGothicMPRO
    /HGMinchoB
    /HGMinchoE
    /HGPGothicE
    /HGPGothicM
    /HGPGyoshotai
    /HGPKyokashotai
    /HGPMinchoB
    /HGPMinchoE
    /HGPSoeiKakugothicUB
    /HGPSoeiKakupoptai
    /HGPSoeiPresenceEB
    /HGSeikaishotaiPRO
    /HGSGothicE
    /HGSGothicM
    /HGSGyoshotai
    /HGSKyokashotai
    /HGSMinchoB
    /HGSMinchoE
    /HGSoeiKakugothicUB
    /HGSoeiKakupoptai
    /HGSoeiPresenceEB
    /HGSSoeiKakugothicUB
    /HGSSoeiKakupoptai
    /HGSSoeiPresenceEB
    /HoboStd
    /HONYA-JI
    /Impact
    /IPAGothic
    /IPAMincho
    /IPAPGothic
    /IPAPMincho
    /IPAUIGothic
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /IskoolaPota
    /IskoolaPota-Bold
    /JasmineUPC
    /JasmineUPCBold
    /JasmineUPCBoldItalic
    /JasmineUPCItalic
    /JuiceITC-Regular
    /JustEditMark
    /KaiTi
    /Kalinga
    /Kalinga-Bold
    /Kartika
    /Kartika-Bold
    /Karugamo
    /KhmerUI
    /KhmerUI-Bold
    /KodchiangUPC
    /KodchiangUPCBold
    /KodchiangUPCBoldItalic
    /KodchiangUPCItalic
    /Kokila
    /Kokila-Bold
    /Kokila-BoldItalic
    /Kokila-Italic
    /KozGoPr6N-Bold
    /KozGoPr6N-ExtraLight
    /KozGoPr6N-Heavy
    /KozGoPr6N-Light
    /KozGoPr6N-Medium
    /KozGoPr6N-Regular
    /KozGoPro-Bold
    /KozGoPro-ExtraLight
    /KozGoPro-Heavy
    /KozGoPro-Light
    /KozGoPro-Medium
    /KozGoPro-Regular
    /KozMinPr6N-Bold
    /KozMinPr6N-ExtraLight
    /KozMinPr6N-Heavy
    /KozMinPr6N-Light
    /KozMinPr6N-Medium
    /KozMinPr6N-Regular
    /KozMinPro-Bold
    /KozMinPro-ExtraLight
    /KozMinPro-Heavy
    /KozMinPro-Light
    /KozMinPro-Medium
    /KozMinPro-Regular
    /KristenITC-Regular
    /LaoUI
    /LaoUI-Bold
    /Latha
    /Latha-Bold
    /Leelawadee
    /Leelawadee-Bold
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-Slanted
    /LevenimMT
    /LevenimMT-Bold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /LithosPro-Black
    /LithosPro-Regular
    /LucidaConsole
    /LucidaHandwriting-Italic
    /LucidaSansUnicode
    /MalgunGothic
    /MalgunGothicBold
    /MalgunGothicRegular
    /Mangal
    /Mangal-Bold
    /Marlett
    /MCTwinkleStar
    /Meiryo
    /Meiryo-Bold
    /Meiryo-BoldItalic
    /Meiryo-Italic
    /MeiryoUI
    /MeiryoUI-Bold
    /MeiryoUI-BoldItalic
    /MeiryoUI-Italic
    /MesquiteStd
    /MicrosoftHimalaya
    /MicrosoftJhengHeiBold
    /MicrosoftJhengHeiRegular
    /MicrosoftNewTaiLue
    /MicrosoftNewTaiLue-Bold
    /MicrosoftPhagsPa
    /MicrosoftPhagsPa-Bold
    /MicrosoftSansSerif
    /MicrosoftTaiLe
    /MicrosoftTaiLe-Bold
    /MicrosoftUighur
    /MicrosoftYaHei
    /MicrosoftYaHei-Bold
    /Microsoft-Yi-Baiti
    /MingLiU
    /MingLiU-ExtB
    /Ming-Lt-HKSCS-ExtB
    /Ming-Lt-HKSCS-UNI-H
    /MinionPro-Bold
    /MinionPro-BoldCn
    /MinionPro-BoldCnIt
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Medium
    /MinionPro-MediumIt
    /MinionPro-Regular
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /Miriam
    /MiriamFixed
    /Mistral
    /MongolianBaiti
    /MonotypeCorsiva
    /MoolBoran
    /MS-Gothic
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MS-UIGothic
    /MVBoli
    /MyriadPro-Bold
    /MyriadPro-BoldCond
    /MyriadPro-BoldCondIt
    /MyriadPro-BoldIt
    /MyriadPro-Cond
    /MyriadPro-CondIt
    /MyriadPro-It
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /Narkisim
    /NationalyzeKAT
    /NekoNeco
    /NewUnicodeFont
    /NIKUKYU
    /NSimSun
    /NuevaStd-BoldCond
    /NuevaStd-BoldCondItalic
    /NuevaStd-Cond
    /NuevaStd-CondItalic
    /NW-7
    /Nyala-Regular
    /OCRAStd
    /OCRB
    /OCRB10PitchBT-Regular
    /OhMyGodStars
    /OratorStd
    /OratorStd-Slanted
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Papyrus-Regular
    /PenjiKoibumi
    /PlantagenetCherokee
    /PMingLiU
    /PMingLiU-ExtB
    /PoplarStd
    /PrestigeEliteStd-Bd
    /Pristina-Regular
    /QuickExpress
    /Raavi
    /Reishoreiryu
    /Rod
    /RosewoodStd-Regular
    /SakkalMajalla
    /SakkalMajallaBold
    /SegoePrint
    /SegoePrint-Bold
    /SegoeScript
    /SegoeScript-Bold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /SegoeUI-Light
    /SegoeUI-SemiBold
    /SegoeUISymbol
    /SeichoShonanGyosho
    /SeichoShonanGyoshoEX
    /SeichoShonanGyoshoEXP
    /SeichoShonanGyoshoP
    /ShonanGyoshotai
    /ShonanGyoshotaiP
    /ShonarBangla
    /ShonarBangla-Bold
    /Shruti
    /Shruti-Bold
    /SimHei
    /SimplifiedArabic
    /SimplifiedArabic-Bold
    /SimplifiedArabicFixed
    /SimSun
    /SimSun-ExtB
    /SingeitaiEGP-Ultra-SJIS
    /SingeitaiEG-Ultra-SJIS
    /StencilStd
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TektonPro-Bold
    /TektonPro-BoldCond
    /TektonPro-BoldExt
    /TektonPro-BoldObl
    /TempusSansITC
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /TraditionalArabic
    /TraditionalArabic-Bold
    /TrajanPro-Bold
    /TrajanPro-Regular
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga
    /Tunga-Bold
    /Utsaah
    /Utsaah-Bold
    /Utsaah-BoldItalic
    /Utsaah-Italic
    /Vani
    /Vani-Bold
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vijaya
    /Vijaya-Bold
    /Vrinda
    /Vrinda-Bold
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /YentiEG-Medium-SJIS
    /YentiEGP-Medium-SJIS
    /ZWAdobeF
  ]
  /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 <>
    /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.)
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
  >>
  /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




