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Ultra Shallow DoF Imaging System

*

by using a Pair of Faced Paraboloidal Mirrors

Ryoichiro Nishi

Abstract

Shallow DoF (Depth-of-Field) imaging highlights a target in a photograph by
de-focusing undesired objects that exist outside a certain depth range. It can be
used for generating a foreground/background discriminated image and analyz-
ing the inner structure of a translucent object. A microscope is a typical device
for shallow DoF imaging. However, the target objects are limited to tiny ones
like cells. It is almost impossible to produce lenses for shallow DoF imaging
for standard size objects. To solve this problem, a variety of synthetic aperture
methods have been investigated and are classified into two categories: One phys-
ically captures images from multiple viewpoints using only standard cameras and
the other virtually generates multiple viewpoint images using a camera and mul-
tiple mirrors. However, the former requires time-consuming camera calibration
or complex multi-camera devices. In the latter category, the resolution of the
synthesized image is quite low because all images captured by multiple virtual
cameras are recorded as a single image in reality.

This thesis proposes a novel imaging device that consists of a pair of faced
paraboloidal mirrors and a method to sharpen an image using the characteristics
of the device to achieve ultra-shadow DoF imaging. The key optical device of our
system consists of a pair of faced paraboloidal mirrors and a lens-less camera with-

out using a general lens. The proposed device does not require time-consuming

*Master’s Thesis, Graduate School of Information Science, Nara Institute of Science and
Technology, NAIST-IS-MT1551071, March 16, 2017.
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calibration unlike multiple camera-based methods, and preserves the higher res-
olution than multiple mirror-based methods. In addition, the proposed method
takes a clear image of a specific layer by optimization using position-dependent
point spread functions (PSFs). In experiments with a simulation environment,
first, in order to show that the proposed device achieves ultra-shallow DoF imag-
ing, we capture specific layers of layered objects which have narrow empty gaps
between each layer. Next, we decompose the captured images into respective lay-
ers by the optimization using measured PSF's of our device. In order to check the
performance of the proposed method in real environments, we make a prototype
device and show that our system achives ultra-shallow DoF imaging by comparing
images captured by the propoesed device and a camera with a relatively shallow
DoF lens. In addition, we remove blurs on captured images using measured PSFs
of the prototype device. Finally, we discuss the difference in experimental results

between the simulation and real environments.

Keywords:

ultra-shallow DoF imaging, paraboloidal mirror, High aperture, point spread

function, decomposition
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ARWETIXIEN T & 2 MO Wi & iR 12 VW TRZ 217 5. KETIE
BT S DR DR Z R U 72w TR DV TR D . F7z, R FFE,
WERFEEZHHL, FEIROCEEFRRE 2R OBRYRETH S L 2R,

3.1 REFEOHE

AIRTIE, B8 ISR MO & S - 2 RO RYIHSE & —iir 7%
LY 2R FACENREEFRBIN LN AT 1 B2 HCTREE1T > RYKLE
HETS. MEHEORE Y UTR () ISRT & 512, H % 5 2 I3 R

12 &S TEAFHE UTREFI N, FAIER 9(b) 1R T & 5 IFEMICEET 5 &

SIS, 0D, F101RT &SI, FBRO I 2 K% [ &
DEICHRET S L — HOMMEHEHOES? DA, &5 —HOBWHEEOHE

HICHHET B, AT TR — A O BTSSR N 2 REBL, £5—F
@W%Eﬁ@%ﬁh%dh@%%% GBS DL TR AT, AREETR
$ SRR 6 UIEASTE WV TS 2 0 B & CEBI IR 2150, JERICE
WEREE DR ERT 5. 72, BETHEBE TR TN ENOBYTBOE
BUZREBID B 2 L CHRIEET LIk E R L, EE MO RIS A

ERETDILICEoT, WSS A TS T O K 2 U I E
%@%?KA%?%:&%%E?%.

I8 ﬁﬁ(*@ﬁfﬁ’&ﬁﬁb\t7m N & A TR E
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R AT

(a) BRmRDN S TS DB (b) RRUCERIET DSOS
X9 K S DR

X 10 REFIEIZ &L 202

3.2 REFEDHERZRE

RET D IEEEDO YISO & FSMEDOEFRN S, FEOKE FiH, #E
REE2BH 5. HOBIIALEZENXRTEIDHPALZRLTEY, FMEIKXLVY XD
PR AR ROBR 2 RTRETH B, WEFEE B RIEREZE
OB, B RRKPR T T INLEHEZRUTEY, HOBENKILAR
% & FAEIZINS K B WEFEENZRL B L VWO EBRER>TW5.

ZUOI, FOBERET 220X IR EERZ#ET D, B
DI REHRETDEAMEEZFE AL L, 2L 2 ROBYIHREEOE R %@ S
BiTEHmERL, Xifis & OY B3 AR I UTKEAMEZRYT. 2Dk
T, Xie Yih, ZEIIECICETLU TS, BIOH (NA) I3EEEFICE-T
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12 [FEPCEDE Y SO B 4L
FHAIS WAL b 7S Lokl & DERKAE 2RI HOME 0 b L TR
CRERTFROBEDEHF R n ZHOTUTORIIVEHTLE I ENTES,
NA =nsinf (1)

AL TIRET P KETIE, SBIXELRHPDAZEIET & - OBEED TR 2
AR lE” 17 &2, NI T ORIZHERIEI N5,

NA =sinf (2)
B sin 0 1%, B121R I NS &S ITHWIHSEOIE w & BRI 25k D
ZLEINTE5.
sin ) = f - (3)
(5)"+ ()



1 BHEEICHNOND L Y AL REFEOR IO Mg

i 144 LY AT P it

0.94 17— REFIEL

1.25 | "L v X (100 £ - Wiz) | WRAYMER GLF-ACH100XOil

0.85 LY X (60 £%) WRAYMER GLF-ACH40X

0.65 WL v X (40 £%) WRAYMER GLF-ACH60X
F7-, BWIESIOERE U2 ERERO y=0 1285 1) 2 Wi O R Id5E SUHRE 1 %2 VT

FDESIZRTZENTES.
4z = 2° (4)

ZDLE, RPEEIINTYT S 2HMOBWHSENFECIRTH Y, 2HE»NE

DT — i OREARE Y, & > —F O BT F b B2 —5 L T L
B, K (4) £V, BOTHIE w L5 OBRERT I LB TS,

l w 2
u(3)-(5) g
FEUER (3) &R (5) &V, ARICRT LD ICBEHNTEIENTES.
VI 2/2

Ja+e o 3

F 1 IZBEMEE T XN /YL v OB O & 3R T RO O 2 5= L
TWd., ZOZENnD, BEMEEIZHC SN IR Z VWYL >~ XD
EREDOHOBZREDZ LA, REKENEFITROEEFEE LD
ENGMB.

2, FAIZDOWTOREZITD. @HEDOA AT TIHAOKTIEARLS FiEEH
WTRT ZENEW., ZhiE, BEDOH AT TIEKEY 2HCTCHOKEZ 23t
5720, VVAZOEDOOWREZ RIHOBEZMHHLRNZOTHD. gkiE
DI E FIEIZE S &€ E A2 W TEIXh, X7, B8O BI A

NA =sinf = ~ 0.94. (6)
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F 2 EHEOWHEIZHWOLNS L Y A LIEFED FEO

FfE LY ADFRSE P i 4

0.18 17— REFIL

0.85 | RHOFEHRMLELL VX HandeVision IBELUX 0.85/40MM
0.95 B VR SCHNEIDER F0.95 Fast C-Mount Lens
1.40 | KORIAMBEERL VA Canon EF35mm F1.4L II USM

FEZBEBRMERH D720, UTFORICE->THOMAE % FEICEET S Z & h
BTHhD.
1 cos

H = -
F A 2tanf  2sind

(7)

ZorE, X (6)Dsind ~094&Y, 0 ="7053[deg] THDIEnbH, RETS
B ED FEIZATORIZE Y RDZ B TES.
70.53
g — S8 E9
P =5 o5 = 01T ®)

F2IFHH FEAVNI VA AT L Y X RGEEED F % L -8 DT, #
VAR TIRET P EEIX FEPIEFITNI VI B0 0 5.
RBICRETIRVEEDOWEREE Y RDD. WEREE d IZEYNRIC
Rk SOE B, WKV RTr IR INHHE R L, MGG REE
Qnear L BTTHRGTRE djor ZHOCTUTORTRDZ Z N TE 3.

d= dfar - dnea’r (9)

WARFETO 1 HEILBE - COHBERF DO, TOHFAHNTRT BHAEL T
b, WEFEE ORPHNICH 2R RIIR T IR I NS, WG REE
(TR ROV RN S BT S HNICERGEE FITE D < KD I, ImgFE T
&> CRUMEBEZIRY T L DTE S, WEEF» OISR E TOR/NE
Mk KT, ATANERGEEL, WEEEDFEF &RT O AHF e, BvkE
DS ZFHCTUTORIZE>TRDD Z LN TES.

l2

dnear S I — 10
[+ 2Fc (10)
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72, BIBETRE IR RVERD S BT S [AIIRGE TN HEIND
EONTTNEE, WERFICE > TRUEGZERY T I LW TED, RGET
MO RETORKEREZ KXY, BIWEFTREFIATORNIIEoTRD S

ZENTED.
l2

o = T 5, (11)
ZIZT, 5.IMITHRARD Y I al—ya VERTHHT 2 IRYEEDRE % H
WTC, HFEDERE % 10[um] = 0.01[mm] & U, EFERE T % 65[mm] & U TH

FREEZFEE TS, REIDIWMETEOFHEIZ0178THD Zenb, HWEHR
FEIFLATDO XS ITRDDZENTES.

d = dter — dpear

652 652
65 —2 x 0.178 x 0.01 65+ 2 x 0.178 x 0.01
= 65.00354 — 64.99646

= 0.00707[mm]
= 7.07[um] (12)

PLEEY, R ROOTPRBETESADTIUIE > TRTBREET D Z L
DB
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4. ({IEK7FPSF 2 AWREERD S5 DR EBHE

AWFRETRET DB, BafiE e BT XIIFETINRE KX
SENUTEET D720, EFITHRHETREELZFEBTES. UL, TOR
TINEGTIIRD 20, RET DG EEL T TIITERICREDEDADHE G %
9o LIdELV. F72, ERMEE R UBT S ITEET 2 RIZE D
TH, HEAMNENSEEND IZUL B> TALT DRI TR IND.

T I T, AMFETIIIRE T IR ERE DAL EKRT PSF 2FH LU, Ho#fb
WER%1TD 28T, W RORMEDRITIDOMDOA%HET S, HE{LLHE T
&, HEET DHEROMBEEEN PSF I & > THEE T X D MEEZ B TADMHEIZAR
LBRNEND 2D00D%MEHVS I T ALKER 2T 5.

4.1 81T, HoPmifRE PSF 2 & 2 HEBH 72 W i b HE 0D 72 D D AL Tk D 2
27D, 428iTl1E, REAFEZEHT SERIZ PSF RHRORFRIC & 5 HilfY
WDOWTHEER U, SIS0 & Bol b IZ WS 2 & T &) i 2R € it %
TOFHRZRETD. 43HiTIE, BEETIHICII NI OENZIN=FT A
DA & DY E AL I ND PSF IRIROZ L% R U, % EDREZ
SV G 2 2ENPSF ILEEFNTWD Z L 2RI S 2 LT, HEW
BB BB 256 I E ML N EHTE 5 Z L 2R Y.

4.1 fIEKF PSF 2 MW RFEKRD S DEBEMFDSBE K
HE

HBDALE kD TH 2wy 1, FLE kIIRNT S PSF @ p, (IC& 2 THRT Ty
BETTBHIING 20, HBETFIIL > TREINDHER o IFLLFOXTHEEL
TX5%.

o= Zwkpka (13)
k

ZDEE, WYEG S Bor I REGEE T NEN, MY Mo, w, PSF D175
ZPLTHLUTORNICESHZL I ENTES.

o=Pw (14)
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BRI ROALEBL (CXIHT D
PSFE{§~RZ NL: Py,

BRI ROMERD
FCHRABE ¢ wy

Wic

C

J

REEBRNRI B o PSF{T%! : P RIANDIBFZIIER 1 w

13 PSF 2 &> THRT DR & & it i D B £/

13 1%, HEEiGE PSFIZE> TR TIRE I NI IERN R DEFBERLT
Wa.
2T, RERYEEIWEFEENIEFE KRS, BN ROMEIKT LT
KELZMT 2L PSF 28D72d, PSFITHIP 2HWSZ & T, o nd,
YN RS W 2 RODZENTED, 72720, rCEMRGETICVELZEX
L #IPHAEN 28D, PSF XY ODER%E L S KD AN—AFFIL 2, H R
B w DO—EOME2 RO I LIERN#ETHDS. TIT, UFORITRTED
I, BE o &, BERREGISR T 2 EA U 2 ESE Pw D 2 FEREIVN <
3% & BN RS w 2 HET S 2 & TRIARE G 155 [30].
arg min |jo — P - w||? (15)

w

ZOrE, HET DTN RDAEIZS U2 PSF 2HG L, IEAROALEZ
LR BN O U 7S O B 2 GBI WS 2 & T &Y (I 2Ry
EJERIL 2475 2R TE S, X 141 2 EhEYik & g U 2B, &EICE
ReabETHRY LU RZEGE, HETIHEEDEREZRLTVDS. RETFIK
T, WU EOEAMNEEZZHE ULV OHTY U BN OEG&ZFHTL I &
T, LVEHTREROEIRZHEE T D.
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FECERZEGNHET
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ﬂ%%ii]‘%ﬂ@%u%b‘b HBIED
PSFEIRND MNLDES

| <J

TREICESEANET

e UTTHER
wEE o RTTH . P BRRREGNT MLt w

B 14 M D HRR ISR 2 T 7 o iR o0 e 22 T il

4.2 JEIRTEE OYIERIMEE IC & ZEFRRELIED L5 - TR

HARRE IZIEAFETRITNIE R S RN E WS YBRRRMEE & Y, e foe
TORLE Kk DHDALE k 25 H 7 KRR w; 1IZBI9 B 1filf %2 A NDOATRIT
5.

wp, >0, VEkek (16)

NHEIRY & O 2B T, HEE 9 2 I W RV (16) TRIII NS IEHA
ETH D LN ZFHNVD
—F, B ROME k2O M7 T REFEOFR ORI EIC XY, m5E
TOBEBDOEEIZAS T L. TD0D, HBEETOME jIZART Do, 1E, &
X RDALE kNS 72wy, EALE kS 72N REGEE OB § CTHHNX
NBEEZRT Py FVUTORNTRDL ZENTES.
0; = P ywy, (17)

HEROHRE T 15 1R & D ITHE N RO DALED S H BB X
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e 7 L OhIE| C
BUBISNBHIERE : o

B X ROAEBEKD S H AR
BERF LOAIE CTHRAlESND
%%ﬁaﬁg 5 [)]"ka

+

SEBAIE LS S TESEHRN
BERTF LOME THAEND
FEHRIBSE

<y Pk 1Wik—1, Pj s 1Wia1, - = 0

BRIEERT 0

v,

PSF{T5I : P

BER w

X 15 i3 712 & > TEHI S 5 SRR E

5720, BRI T THI I NSRRI 0, I(FUATORNTRIT L I LNRTES.
0j = Pjowo + Pjjwy + - -+ + P pwy, (18)

SBHEIETRHEFNZ XV IEFAMETH D720, LAFOHIFINAL YD LD,

9
wy < P (19)
SRR & O EERALUBE T, R EE I & o THEITS 18 SERRIE o; 2 H
W, R (19) 124 DR E 2 BAKEBOE/MEZ R, FFEE BRI 2 CH
O REBRDOHETE 217D,

wg < min (O—J) (20)

J€ N\ Lk

4.3 BEMNQBRFRIEE EQR D50 OKFALNE

FERIHEBR T, MmO RLERIZHAET 2 BEARIBRETOMEIZE>T
BT IR RFEET D, —fle UT, 16 13RS og EBRICHH T 2 kR
FIIALIMND Z 22 &> THILTZELZ <28, BT /S—H 5 AH
FAET 2., YIal—yavBEBIIBWTHIEICH I A2 RELGE L HREL
BV A THE 21T o2 2 17 1R T. B EEN DR HIZENES Z
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® -0
wBEET
\ (Point Grey Grasshopper2 ,
) | 1,384x1,036pixel, Sony 1CX285 )

B 16 SEERBESEERIZ S W T (T T 2 It E 1

EMD, HIEDHN=H T AL DM OREIZLY, g EORENZ L
TWdZEDBDN5.

B 18 1%, IRFE T ORIEIZ /=N T AN NG & cﬁﬂbtmm@ﬂﬁ%
X 19 1%, HWEZEFORHEIZES lmm THIFR 151 DOH 7 A2 HEL 725
BIAIL 72 PSF DR Z R U TWS. PSF DRI, e EQ%W%OE&@
R DB L Z ) 7R TEIHIX N T WS 728, FHElL 72 PSF %, fEIALAEEZ
WD Z & T, WEFETORNEIZN—H T AN GE L RIS, FEEE O

BEHETDHIEMNTES.
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(a) IR FRIE D S AEL (o) BERFRIEAOSAEBED
17 HBETRIEIO I/N—H 5 ADGHIC & DR E GO £

(a) FERAIEDPSF (b) ERIENSEITEAME (c) ERAIENSKFEAME
(T NI=AIEDPSF ([ NI=AIEDPSF

B 18 HiRR F AT I I /N— T AN G IZEHIE 1S PSFIRIR

() BRRAIBEDPSF (b)) ERAENSETEHME  (c) RRALEN SKFISE
(CFNTALEDPSF (CFNIALEDPSF

B 19 HIRRFRITHNIZ IN—H T AP D 256 1Z5HIE 1 PSF IR
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5. REFEICL DRI

KRETIE, BEEYARZRENSRE U THVWDS Z LT, BET D EYEE K
EOEDAEIE T D Z ENTRERIEF IRV EFEEZ /O L 2 AT 5.
FUDIZ, YIab—yaVRETRGRKEEZMEL, BOMBEPIET I 2
JEREEMRDIRE Y I 2V —Ya v a{TD. 72, PSFOREEITV, 4EHTH
N LB 2175 22T, KVHRHICREREOAZMTTESZ & 2R
eyl BFRNRERE MZ 2 mdfb DA 2 R 5. RIZ, FEEBRET
W EEEZMEL, YIal—ya VEREERRRICEEREOIN 2 EHEEY RO H
EDEIHESNEZ DY T T8 T, HEDBOEMNIRETH D Z L 21
AT 5. EETO PSF BFICIIEE AR 2 AEICBEII T 2008y 7 —
L AWTHERG 21T, I GLEICRIAT S, &I, YIab—YavEk
CERBREE DEBIZOWTRAN, BEBRFEROZRE2ITD.

n

5.1 ¥Ial—Y 3 VIRIEEER
b

VIal—YaVvRETE, AR TRET S REENIER IRV IRE 2 K

DI EMRTH-OIL, Y, BHEBORNRENROTNTNDEIZERZ
ALY T 5. RIZ, EHOBREBGRD SREDED A% IR T E 55
ZMERT 5.

ARFEBTIEL A ML —Y V27V 7 MO POV-RAY[31] #HWTCY I al—Y 3
V%E415. POV-RAY Z VT, 20125 T & D ITHRSEE T EDORKBERIZHT AN
5 ANH 2 RN O DNARDOTRE % 5l d 2. AWHIZ AR T L AR DR
MZEREHZEDME U THHTRZILTIRE Y I 2L —Yaveird.

5.1.1 EERFH

M FZERTIE, B21 1R & S ICE UBRO B 2 W2 mhnaghEic

REL, —HOERMEIZRYNER, €5 —HOERMEICEREGERTFOHLZ
RET S, M 22 IR FEBICHM T S REDWE 2 9. B 5O 56 Rk
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BER(CERIRSNIEAG BT EDFEHRDEE

AR

% 65mm IZRDEDIIHREL, TNTNOHMEEREZ —HMI L LD ITHE
T2, BYEBEOIRITESMNBEIZE > TEEY, [HURRO B S % M0

DEARERIER (5) E VK 184mm &2 5. 2 HOBWIHEENERIZIE, KFE»S
DEEEE I BRLS 72012, B 20mm O A7 2D AIF T3, 2HOMK
VIESEOE R @ ME R I AMERT 2 U, BEEFEZEHICETT S
XY SEHIEATICAR S & ICHET 5. mEE T LOmGIE UVEITRL, N
eRME L, Ul VENZZ W TN XE, Y#ioXGmE xR, Zd,
KOERNEZ L E UM TR INSG 201 THhD. EETIEY X
20mm x 20mm(201 x 201 Ej38) T 1 ERDMEIE 100pm (ZKE L, — DY)
SO RN EZ FOMIRET D, B —HOERMEIITRE N REZEL,
W RN O MR R 5.

5.1.2 PSF OEE

ARWFETIINLEMR AT PSF 2 JHO 72l LEE 2475 Z & T, EPGE & e
MHDRT DM ZAMMAREEDOADOE B EHET D, FHRFET LR
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BIRET
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e o G5

NRD

(E4%20mm) E o 184

BRI SR
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/\ II\E\II\\
mEET - Basapg  BEETH)

| N\ 184 mm
U ﬁ.

/ 20 mm

XA Z8h

ww g9

wBEET

7x$$

\\\\\\\\

(R 5RA)

(b) BmEZEREDOAIEMNSRIZX

(a) BEBED LS RIZK
22 R AREOHE X S & ORIHE

20mm x 20mm T 201 x 201 EZE DO HFFH DAL EMKAT PSF % 21l U £ (b LB 12
A3 5. PSF OFHHNZIL, BWEET ED 40401 SHIZAR T2 L1 ML —Y
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VALK VEHIT 720, 1 MOEGEERT D202 1 REEFEE (Intel Core
i7-3970X CPU @ 3.50GHz x 12, GeForce GTX680) DA 25

Z 2T, BYHESIEX 21 CTEELZ ZEE PO TIMAMTHD 2 enb,
PSF OEHANE X #5170 & Z il 5D AIZRBE X 305 PSF OS2 1710, HY
25U 7= PSF % Z b I\ X 2% 2 & ThLiEHAZ PSF Ot 247>, 7=,
FOGIREDOALE RS Uz iz il & U7z 61 x 61 lFZED A% FHAIZ WS Z & T,
PSF DERGIZ A B8 R % KK T 5.

PSF EHAID BRI I SOEIR % Z il % F0n 2 0.01mm [EBE T 20mm DOALE £ T
WIS, S LB S PSF &, FHHIFEAD PSF 2 FAWT, Zlih o 0k
Bt Zaih O OEEEIZ L > TREII T THBE L~ PSF 25, Z#lid5DFE
HEZ KT B PSE ASEHI X N TWARWES, SEWVEREETEHIIL 72 2 f%¥ 0 PSF
2RI DEE TR UEDLE PRI & > TEAIEYIZ PSF 2 HEH LU TW5.

ZU DI, rOGRZBRATE AW (ZH) HRICBE) SR80 8 24T 5 725
DRTFDEAEK23IZRT. 7T 71X PSFORTHIRERTEDT, HEHE

TOEBBIHETLIHOBEDEGZRLTWD., 777X, fIEDZ
FHENZ 0.1mm BENIT B2 TRES AT TND Zenb, RELENIERITIE
W ESRREZFEBRTEITWD I B0 D. RIS, R ERAAEND, ik

BETDKFEFATH D X AAICBE SRR OHRE E2T>ZBORT HOE
(b2 B 24123 T. 7571, 23D 75 7k, PSEORTOBRZRTED

FAZACE AN E U TV < 728, HDORED Y — 7 BgGEFO U5 RIc%
LTS, KESHEDPSF X 2.0mmBEU S THRTBRELS KD, BT
XHMOBENIN U THRTERDRNW20, RigEEIIMORT S IFET S
Jge RESENPUTREEDOAZEBIIERTY T2 ZEVHRRELD. LMLAN
b, VYANENATEDBE O EEIZHAIRER T ICB T DKL ROR
TEAWE R RAPGENRE S, BEHGRLTRTBRELP TV I & B

RTE5.
] 25 (ZRALED PSF O JEREL ST %2 g . FBRALED PSF 27739 X = 0.0mm,
7 = 0.0mm DALED PSF RIS RALIE LD D IRBEFE T DO — I TOABHIS 1
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ZEh5EID
RICRDAIE
1.0f —  0.00mm
—  0.10mm
0.8}
o — 0.20mm
# 0.6 e 0.30mm
E'&: —  0.40mm
R 0.4}
0.2f
__J:\L—
0.0 0.0 1.0
Ugli[mm]

Zz=0.00 mm

z=0.20 mm

(tEEEx 10)

z=0.40 mm

(1 x 10)

23 RS ZEIG RIS ROGR 2 BE S W2 & SITBIII NS PSF ORI (K

: US5[0 PSF W, AKX : Bl X v/ PSF)

X&f75[mD
FUGIRDAIE
1.0t — 0.00mm
—  1.00mm
0.8 ——  2.00mm
%06 — 3.00mm
E%_E: ——  4.00mm
™ 0.4}
0.2

0'—01.0 0.0 1.0 20 3.0
Ugl[mm]

4.0

5.0

X =0.00 mm

X =2.00 mm

X =4.00 mm

(FEE x 3)

X 24 £S5 XA AIZ AR Z2BEIX /- 8 SIZBRIX D PSF ORI (£

X : Uil 510 PSF OWraE X, AKX : 8 X 7~ PSF)

%720, TRTOREEEDWERIX N TS, Xz

R IR E T DK

FINDOBENIS LTI, SAEES DR RY) RT OIIRBIEN > TS Z L
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BiTEAMm (Z8h) (Saofk

0.2mm

| 05

z
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hY 4

X =0.0mm X =2.0mm X =4.0mm
IKFEAME (XEh) (RO BE=

25 AL CEUANX 72 PSF O J&E B8R 2

0.0mm

Z=

PWHERTE DM, @AM OENICHAMER R Snaw. £/, BITES A%
R ZENIIH S ZBENIN LTI, R—=FYRIRIZETTWE Z &0 6 BB
SAACHAIMEN 2 <, PSF (IZ& £ JHEBUL 1E PSF DAIEICE > TREL
ZAELUTWD Z N Nnd. 2D &Y, REEEIIAE IR DHAIMED
BRWPSF 2F>TW\W2A I WERTE 5.

5.1.3 EERER

At EERIZHH 9 S oo R % X 26 12 R, B A RISERIBE A 0.5mm D
2 EREYIRT, EREIZK26(b) ISRY, "L T OEifE, FEIZK 26(c) IR
T 7ABCD” L \WHS XFOMEBEMHT L. TNTNOHGITERERE T & [Fkk
20mm x 20mm T, EEOEBROAZEEEZ 50% ICHEL TS, K2TIETh
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(a) AT ROBIER (b) LIEESR (c) FiEE&R
X 26 YIal—ya VIBEERICMHHT YN SR

(a) BMFEIRD LEICERZENDET (b) BEHRDTE(CERRZENET
wz UTC B wez UTCEf

X 27 fREMmTIE I K D bR

ZTNOREIZEREZEDE TR LZEZETHY, EE FTEZTNENOMEGE Y
TEITNDI NS, RETDMPEENIEE ITROWEFTEER D Z L 2R
TEZD, EHEOFLTORTPFHELPTL, MEORTFEMY) 282 2545
NS,

IZ, PLEHAT PSF 2 W2 2175, 1ZUOIZ, K28 IZEBIZER
2EDETRY U 2HOEGZ FWT, B - TREROSM: %2 2 THEBL
R ZTo 728512 mR T, K293 1 HETBMIND dRAMEEME1"L LT,
B G O 72 Hi R & g i & i b2 & ) #EE U 72 LA BERS R & D
EERLUTND.
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(a) HIFIRL (b) TFHE  (c) £E5FF - FFRHIEY (d) £ : E5R - FRHIF
INEREE )

B 28 & ICEREGDOETERE Uk 2 MO G & F O 72 fEB LA 5

(a) HFITRL (b) FFRHEF  (c) £5FF - TFRHEE (d) £E : £E5R - FRHEK
TIE . TFREIR

20 SRR & 2 MO E G & F O 7 I AL U AS B & DFE S

[ 28(a) 13 LA - FROME 5 2 TRELUI 2G> 25 RE R LTS, R
BBIEN DR T 2 WGP Bl R0 CORIE I & B R & BT
5L HHERTE S, [ 28(b) IS IZEDMEITA SRV E VS RETH
% TR % B U CRIMEILE 2 /7> 2855 T, /A ABERI TS Y, &
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TEES )
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30 EaEfbiZ VS R ORAL
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