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Multiplexed Holographic Slit Confocal
Microscopy for Multiplane Imaging
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Tso-Hua Wu, Hung-Chun Wang, Chou-Min Chia, Yuan Luo
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Here, we proposed a non-axial-scanning confocal microscopy. The system is equipped with
multiplexed volume holographic gratings for illumination and slit apertures for detection. The
multiplexed volume holographic gratings produce multiple axial focal points, and the slit apertures
image corresponding axial focal points, which display onto different sensing areas of a CCD.
The system design, development and experimental measurements using biological samples are
described thoroughly. The proposed system provides optical sectioning using fluorescently labeled
standard micro-spheres as well as tissue samples without axial scanning.

_‘ﬁ'ljn

SCERY] Fr B R PR T R AN - SR =AM E R VARES] - R LA
H RIFH SRR Y) F pB  E R R R LB R« BEARIE SRR I TR
fERDEEYIFrRe IR LB RS 5 - (HE RIS B E (T HAREE B R R 1Y
ISR < 32 I TR IEAE 55 0 BR 28 e Okt [ P B o B g A R AT S B B 2 1) AR K
R By TR > S RIS 2 B e LB S T PGS E S - AR
ETEEVRGERC T

R ST R B T - R BN 2 Rk FR R G HE - (A It — R B A AR B
SEF AR E <y T — A PR REIUEUE - 75 A 0 R R 8 6 B R )
s ETTRUGIER < STHITE R - B IRERERY SR E R LTS LA A

82 FHEFTAN 219 3 108.6



T HRIT - (BEMETR LR T R RRY B ERIES A — RSB (theta slit
confocal) #BH#E A (LI MR RAAECE - AR — P i e /R Y 2 A ST LIS
oy Ry WAEE Sy - @O E - ASDEEAIRE - EYs R EREREY) LRES - F
R SR A O B B ) AR B 8 - Ftt = — P SR B A R OO AR B iR
BRWE 2 ABPEEZRRE AR IR « R BB LRI IRZE L HEE (spectrally encoded slit
confocal)'® BESTES AL - (BRBERRITE SRS - SRR IR R T
{o W B S R M S T iR A RE G BLBREOE RS & TR (CCD) A ERIARIEG = (TRAF
B pE) [ - BRIk ER I A T 2 RS0 R b 28 m s i b - SRmB
B B HE T FE SRR 7R Sl e

SEATHEE ST (parallel confocal approach)® SHEAEZZEEFIEIES (spatial light modulator,
SLM) {58 FH BE A A= e i BE FH R SR 25 ISR B » (5 P — R R B — (e
7E A A I i e R R - SRR R AR ~ Ul TRIZESOE o RIS 1 TR 7 B TR
AR » CAAFEEME ST A B - 5550 - B RIEENE - /8 SLM B yE5E0
BRI R N

AR AR T — R Y o [ A R A LU R R - RS S T 2 R R GO
(multiplexed volume holographic gratings, MVHGs) * TEA i A HY W {8 55 2 (8 S 1 _E AR
ok RIR G PRI FLIS R R AR - TR A i3 E] CCD b o BAJeHifi vl i) 3k i e g £
SRR EL » PP 05 32 B 0 [ BF 48 26 {18 R 1 M R R R A ) S B2 7] P s 45 i R 3 i [ 4
o B2 () LAY RHAE SLM i B RS A s AL - FAMIRY BB PR 2
B RN - 30 5T DU A E Y MVHGs BT EM Bt ERAE - B (18)
S E BRI R ) SRR AR B - BT 7 R RE RIS i AR SO AR o A S B SE AR O O AH R
BB - fEASCH - BEEE T 2P Rl fr i P i R R TERE - A DA S PR
PG AE A BR AIBE RS A VIR AR AR

— ( =Ee=+
— E--EET:J_/A

1 B T AT R e e wi R BB R 2 R - ZEMECE R MVHGs FFE Az F& UL
FC {5k (4 T AE B A A B AN (R 2E F E AE W o R AR+ 3l B FH (R BB 1% B B FLAS B i A FEAR -
It - B CCD [FIFF IS AN RIEEE NI E R E oS - SR ZH sl s i -

% [ BETE 2 GOEHEE HE S 2 g IEER (phenanthrenequinone) B2 FH B Y Ik Ik FH
FiE (PQ-PMMA) #1 Il e & 2 BRI T F EEU)HA (shift-angular multiplexing)® MiTEEL « AT LA
FHE 2 FHEY k-BREERAT - 1@ 2(a) Rac sk 2 BOEMAER - &, F k., 73 BIZREHERIIZ2E 58
M o 5 il MVHGs FEfta & (23) #6H -

ks,,‘—kr,,‘ ZK,‘, and i=1,2 ..... M (1)
B ko =i = 2701 20 > 2, FEZ2HIFURELRIE © K, B | ERGEROCMEE > » 2
SLMRMPRI T AR - M RS R ER - Az B i (EDCH I SRR 22 - AR TE

ax(ERs 10 ok - BERESE L1 HIREE SGRIOCZ AT - I HELES L1 2B R EAHR -
2(b) RyBELERE - ERARAS IR - PRNIBEAIRES R BB AT RR gy -

g 219 41 1086 83



CCD #8#%

PHEILIE

MVHGs
Bz
ABTHTR \
X /
y O. o

z
1 %P @tk dn i oy ik oy 7 B E o BiBA 3248 T ALk MVHGs 89 4841 Fl i
A WARR B RE 6 B4 38 AR JE 0 Be B AEFRILBIRA] - AR B
AR HY LT AR CCD A ALAE BRI LB % - L
BEARLBIR RS sk EELBRAEBIERE  FREREKAINS
AR BEAMTE BB 1 PR A E £ ZME o [Adapted] with
permission from [ref 27] © The Optical Society.

(a) X (b) X

v Z

I Az

EE (L2)
&% (L1)

BEN

2.(a) A K 3R B 6930 803% 3T © k-, A ko, AR MVHGs #3948 B1Z 55 54 8
R0 (b) AT AT BT B - %2 K 3@ B a0 4Rk B E kW B 40k R
kyy o kg, o EIEEM SRS E MG RE P a L& AR ER o [Adapted] with
permission from [ref 27] © The Optical Society.

27n
Api

A, BZZREITRHNE R - RR AR A% 2 0 - DURFE AR Ar U R MVHGsH] DATE
RRIFEERIF R A, NEAE#S o €8 2 - M =2 L1 f L2 WEEFLES B 0.65 F

ka;—k,; =K;, and |kd,i| =|kp,i| =

2)

84 FHEFTAN 219 3 108.6



0.55 » BRI EEALZ MINTAERDLREA (o) 2 68° » HHDEARZHNZ AR (Ap) 2
14.5° > Az 72 10 (oK - BIAIHEAEZ NE A AR - HInEEEREEIIREDE BN
AN[E A EE AR A TR AN R LB PR EEAHRH - RIRER P S S L B AN A
i

= BB RER

FERMOERZET - WE MVHG 7EEE 488 FKENSEIEIRER TR R ~35% » 1ER
15 R (R H 0 FH R R FLR TRy 5 TEOR B SR FLAS SR HNHIRE Bt - SRR AREE Ry 200 ZoRBLAK
ELHYI$% (ULWD MSPlan 50X) » #8 CCD (iXon897 * Andor) f&&FTHEHAY MVHG % FH
WeAE LA ERARASE - S B MR R R R T B SR AT AT R HH A SR R R A AR [l AT . -
3(a) BNE ERENFEERER SRR 0.78 HOKR/IMR R RIFIMENTE - |
B2 » BEH M ER/ MERRYE LR SR KSE TR E - KRR IEE R
FEFLEI IR & 5 [HREIEZ A A S #2545 (anisotropic confocal effect)®” = [FLAh - SEELL 0.1 ik
H5 SR AT R A EC I TER (B8 1 B » Polyscience) 1T B B STt A M I AT -
3(b) B T 488 F KA RS HiG) (Z-PSF) WIBLEE R B E B RS - W H A EE
(full width at half maximum, FWHM) 7EZEEE 1 3 ok « ERE 2 5 3.5 ik » Z-PSF &

(a.i) a.ii (b)
FE 1 (@)
] » %EE 1
=nm | AR
= EEJE =
t=M 10 fK
5 =) B -

s=m Wl & 1.0
ar 01 2 3 4 5
X & 0.78 K BaAfE (HeK)
RE 2 m——— X B il
— Y i 05l 3% . N
m 3.5 K
o 9 @ X
S INEE '
F Y. x
- =W
) %m ”‘ 0 5 10 15 20 25 30
6E=m 154 01 2 3 4 5 Z 8 (1K)

RIS (WK)
X & 0.78 ik B

3. (ad) BB A Leh 1951 4 £ B 2 BT BOREEBE - 5 0 mF iR T ENRT
% 0.78 B4R 5 (adi) s H Ao RF 77 &y L ey R H (ad) RO BRIE o dy AR PTAR A 0y B Pk
KREwEAMSE > Rk @iFf s —EEZ O ERE - Wl (ail) FiT °
(b) MBBIFRIRE 1 FOKR B RMIK > K5 MVHGs #9 % - @ s 2L 36 & A ooy i — bbb
WAL o A RIRE 69 F 5 5T (FWHM) 551 & 49 3 Sk (R 1) A= 3.5 R (R 2)
B IR Z T 9 BE A 495 10 $5 K © [Adapted] with permission from [ref 27] © The Optical
Society.

FUEEA1 219491086 85



FEFIFAMRAE N HOBUEERS R — Y - HoEEER 3 ek -

2 2
1 u Vy
Ldky exp{—]EEky +7J }

ﬁﬁuvyﬁz%%%%%@»ww=%ﬁmwuyxmﬁfmhmz,@%%@E%%%’
hwﬁ%%%%zmmﬁ@ﬂﬂ%%ﬁﬁﬁ%%?%ﬂmw=ﬂ%h%mWQ}%h?h°

R T BRSPS AR L BT FL R AR URE T O L B RE MR B 40 M 2 SR AR
Bk (B8 5 0K » Polyscience) AR A 1 Z2KRERVEISHE IR (Invitrogen) HPARE: ©
S5 P BE 27 %8 3 5% (Innova 304C » Coherent Inc.) 7F 1 = 488 %3 K M a8 7% B 45 i
Bk o FEAETTEIARREER T - B 4(a) BESEE LEEHERZ CCD Bif% » ik H#E ]
TEHEIGREREEY - 7EE 4(b) - HEMBKADLEY R G E R R EEERE - M
BT SRR IAEETESE - ILAh » B SMRYE CAERCHRELIEER (Polyscience » EER 25 14
oK) IR R AR ISR A R B e

& 5 LL#g T IFE IR ER Y B i A5 FH AT ER HHEY MVHGSs 25~ [ BAg SLliifE 5
HY o 7EE 5(a) BIZHERIREH - FIRFIE CCD DA A IR R REEY EL A B EEREE EE A8 L Bk
& [8 5(b) BR T HAER MVHGs HYZ PR AEHLE0 A - TER(EEE R E RS
TEORIBEREAS - W x BRI RS ER R 0.1 ok - U NSRS R IR 5 @ S5(c) i
SR 43 (R 2R LLiR SR R B LR OB R T S - R 1T E A R8s - MVHGs %°F
TR e e L FE A R BRI 12K B B RS S AN

Ry T3 9H MVHGs 25 A L B0 FL R i 8 S v P B R AR AR (B URE T - FRAM %
RTF AL REST THEIN (in vitro) IRBE S - [8 6 BUR T H MVHGs 2V [H ki i L 2T
BRI E RS R T ARG - ARV R AE (PKH6T) Hit
G MR EE T ST (488 ZoK) MRS - BARTEIRRAHERE R 5 © MVHGs 2 Pk
T SR I R R T = R B AR AR A 2 (R SR T SR AR -

2
Z—=PSF(v,,v,,u)= hgbj(vx,v'y—vy,u)‘ 3)

X J‘i dv,

(@)

(b)

Az =10 K AR sl
5 AK Az =10 #K

5 K

B 4.(a) > (b) #3hd 5B 10 ok ey HE-F & B B EF 9 HmE o eh S MRk
PR OGLE R @R ¢ (a) AR 1 9B RMIKEE > o (b) 4LANRE 2
o) %3k %1% - [Adapted] with permission from [ref 27] © The Optical Society.

86 FHEFTAN 219 3 108.6



RE 1

=== 24y
10 MVGH |
(a) (b) () '
1
péal
@05l
\ n 7
*’ \
0 30 60 90 120 150
FE 1
=== 24y
MVGH
Vi A ( 1 O 7
25 K . i
bl
X : \
ﬁ 1
@ 05! | o o
N . ] II
25 ?}L‘ﬂ* I| \\.

0 30 60 90 120 150
EAMIE (1K)

5. NI NRHEERS P 09 B R 68 25 BORMIR B o () MARE 6 2RI TR
1% o (b) A MVHGs % -F @kt E 24 0 G M 10 K6 R E-F & =
ML SR @ F 1R o (o) AT R A R R H kT L (a) Fn (b) X BI6915 3% (3B MR
Fo i & (BEEMIK) 0958 % 51 ° [Adapted] with permission from [ref 27] © The Optical
Society.

K

Az =10 K

=

6. 1% K7 MVHGs 84 % - i He 4 2k b6 & R AR B s @) ey T (GRL | Ae 2) 47
B RAR O R T A B s 69 & 1% © [Adapted] with permission from [ref 27] © The
Optical Society.

FHZEITEN 219 H7 108.6 87



g - I\Egﬁ

AH5EBAFE T MVHGs 2K Pnd Hhii R RREA SR - DARIRFEREE AR B AN R R IR AN
(in vitro) YEERYJF 3D 5218 - fEATTEH - #EEAIH MVHGs A B8 BH Bk i St i £ A 0 [ 2
HIFER - EERIMHMER A NG Z G R ERER - gEE AR H Sl = A ) i b
il - 7 AR SOt ERE R = -

%R By I E R - I B RE R AN DRIR R AR - LRy e ] AR E 2 T
BR8N ZE (S 2R PR AR - (S EC & 5 28 MVGHSs DUER R -
BT [E 1S B 2 Rk B P - [FIR R AR FeR s R 1A o E AT BiE Shie L8
R M R M —HEAR IR - SEERIR R R N B IR R R - B a2 -
HIFH AR IR #% (Galvo-Mirror) BIA] DUE— TS LB SR EAGCR MR 5 FRIFL.Z ST
FIRAVGT R R il K BE 267 MVGHSs ARSI 3D G kg SLE RS ER » REeZR M2 H
B A E AR =S - AR 2018 4F 5 H#E A Optics Express (Vol. 26 Issue 11 pp.
14288-14294) -

SENR

.J. Pawley and B.R. Masters, Optical Engineering, 35 (9), 2765 (1996).
. M. Tavakoli, P. Hossain and R.A. Malik, Clinical ophthalmology, 2 (2), 435 (2008).
. Y.S. Sabharwal et al., Applied optics, 38 (34), 7133 (1999).
. M. Minsky, Microscopy apparatus US patent 3013467. USP Office, Ed. US (1961).
. C. Sheppard and A. Choudhury, Journal of Modern Optics, 24 (10), 1051 (1977).
.J.-A. Conchello and J.W. Lichtman, Nature methods, 2 (12), (2005).
. C. Sheppard and X. Mao, Journal of Modern Optics, 35 (7), 1169 (1988).
. A. Jesacher, S. Bernet and M. Ritsch-Marte, Optics express, 24 (24), 27395 (2016).
9. P.-H. Wang, V.R. Singh, J.-M. Wong, K.-B. Sung and Y. Luo, Optics letters, 42 (2), 346 (2017).
10. A. Nakano, Cell structure and function, 27 (5), 349 (2002).
11. F.P. Martial and N.A. Hartell, Plos one, 7 (8), €¢43942 (2012).
12. A.A. Tanbakuchi, et al., American journal of obstetrics and gynecology, 202 (1), 90. el (2010).
13.C.-C. Wang, D.-j. Tang and T. Hefner, Theory and Applications, InTech (2011).
14. C.J. Koester, Applied Optics, 19 (11), 1749 (1980).
15.B.R. Masters and A.A. Thaer, Applied optics, 33 (4), 695 (1994).
16. D.M. Maurice, Investigative Ophthalmology & Visual Science, 13 (12), 1033 (1974).
17.H. Cang, C.S. Xu, D. Montiel and H. Yang, Optics letters, 32 (18), 2729 (2007).
18.J. Kim, D. Kang and D. Gweon, Optics letters, 31 (11), 1687 (2006).
19. M. Hughes and G.-Z. Yang, Biomedical optics express, 6 (4), 1241 (2015).
20.K.-B. Im, et al., Optics express, 13 (13), 5151 (2005).
21.P.J. Dwyer, C.A. DiMarzio and M. Rajadhyaksha, Applied optics, 46 (10), 1843 (2007).
22.7. Yang, L. Mei, F. Xia, Q. Luo, L. Fu and H. Gong, Biomedical optics express, 6 (5), 1797 (2015).
23.J.W. Goodman, Introduction to Fourier optics, Roberts and Company Publishers, (2005).
24.Y. Luo, et al., Optics letters, 33 (6), 566 (2008).
25.Y.H. Chia, H.C. Wang and Y Luo, “Incoherent holographic imaging of subsurface structures with volume holographic

0 N N R W N =

gratings”, Biomedical Imaging and Sensing Conference, Proc. SPIE 10711 (2018).

26.Peter J. Dwyer, Charles A. DiMarzio, James M. Zavislan, William J. Fox, and Milind Rajadhyaksha, Optics letters, 31
(7), 942 (2006).

27.C.M. Chia, H.C. Wang, J. Andrew Yeh, Dipanjan Bhattacharya, and Y Luo, Optics Express, 26, 14288 (2018).

88 FHEFTAN 219 3 108.6



(3 MTy
RAFE AT AR TR ERS R AL o

Tso-Hua Wu is currently a M.S. student in the Institute of NanoEngineering and MicroSystems at National

Tsing Hua University.

ITHRHEEBBELFEREHMAEL > HAH KB A RAS LA -
Hung-Chun Wang received his M.S. in Power Mechanical Engineering from National Tsing Hua

University. He is currently an engineer in Syntec Technology Co., Ltd..

FEREEABIEEREMBATEL  FALBELGEREEM P EIA LY HE -
Chou-Min Chia received his Ph.D. in Mechanical Engineering from National Taiwan University. He
is currently a research assistant in the Institute of Medical Devices and Imaging at National Taiwan

University.

BREEEREBRENREXEZREL  HABRL B REEM D RTRIRRE
Yuan Luo received his Ph.D. in College of Optical Sciences from University of Arizona, USA. He is
currently an associate professor in the Institute of Medical Devices and Imaging at National Taiwan

University.

g 219 41 1086 89




<<
  /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 1.3
  /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>
    /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.)
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
  >>
  /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 [1200 1200]
  /PageSize [59.528 84.189]
>> setpagedevice


