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Abstract

Several three-dimensional displays have been proposed. Holographic display technique has
advantages in the depth perception, the number of observing points, and so on. A digital holo-
graphic display system using the digital holography with an optical interferometer as a holo-
gram generation method is proposed. This system has also above advantages. It consists of
three sub-systems, which are recording system, signal processing, and reconstruction system.
In the proposed system, there are the problems which the parallax issue and the image degra-
dation. The purpose is the improvement of the parallax and the image quality in the proposed
system.

The parallax issue depends on the difference of the pixel size between a recording device
and a reconstructing device. The reconstruction distance of a real image is different from the
original one in the digital holographic display. In general, the distance is longer since the
pixel size of the reconstructing device is larger than the recording device. This makes it hard
to recognize perception of the stereoscopic effect when holographic reconstructed images are
used for the stereopsis system. A numerical propagation and a spherical phase addition methods
are proposed to shorten the distance. The limitation of each method was verified to clear the
criterion. By combining two methods, the reconstruction distance was shortened from 4440 mm
to 547 mm. In addition, the visual depth perception evaluation was conducted. The standard
variation of the depth perception was reduced by the proposed method. It was successfully
shown that the proposed combining method is useful for the stereopsis.

The image degradation depends on speckle noise. Speckle noise occurs when a coherent light
is diffused by a rough surface object. It degrades the holographic reconstructed image quality. A
method for improvement of reconstructed image quality by synthesizing low-coherence digital
holograms is proposed, and two synthesis approaches are presented. One is a plane multiplexing
method, and other is spherical waves synthesis method. A numerical reconstruction simulation
was performed to confirm the proposed methods. The image quality was evaluated by variance
of the gray-scale amplitude image. In the plane multiplexing method, the reconstructed image
quality was compared with the case of high-coherence digital holography. It was shown that
speckle noise was completely reduced. In addition, in the spherical waves synthesis method, the
more improvement of image quality was performed as compared with the plane multiplexing
approach. The image quality of the spherical waves synthesis method was improved more than
twice of the high-coherence digital holography. Quantitative evaluation was given to confirm
the proposed methods.

The improvement methods by only signal processing are proposed for the problem which
Is caused depending on the devices or holography technique. In the proposed methods, the
improvement of the parallax and the image quality was achieved. The research products are
capable of achieving the proposed digital holographic display.
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NDHWONTWS, ZDrE, FaJ 7 L0MENHITNEN

Li(z,y) = a3(z,y) + af(z,y) + 2a0(z,y)a,(z,y) cos {¢o(,y) — ér(z,9)}, (2.2)
Iy(z,y) = ai(w, y) + a%(x, Y) + 2a0(x,y)ar(x,y) cos {po(x,y) — &r(z,y) +7/2}
= aZ(x,y) + aX(z,y) — 2a0(x, y)ar(2,y) sin {¢,(z,y) — ¢r(z,9)}, (2.3)
I3(z,y) = aj(x,y) + al(z,y) + 2a,(x, y)ar(z,y) cos {¢o(2,y) — ¢r(2,y) + 7}
= aZ(x,y) + aX(z,y) — 2a0(x, y)ar(2,y) cos {go(x,y) — ¢r(x, )}, (2.4)
Iy(z,y) = a3(z,y) + af(z,y) + 2a0(z,y)a, (2, y) cos {¢o (2, y) — br(z,y) + 37/2}
= al(z,y) + al(z,y) + 2a0(z, y)a, (z,y) sin {¢o(z,y) — ¢r(z,y)}  (2.5)



Yird. (2.2)R 5 (2.5)REFVTHEY HERAEM Z 2tk

V(@) - Ii@,y)} + {L(e,y) - L,y)

4 (2.6)
_4M@w%JX%w}

Ii(z,y) — I3(z,y)

LlpBb. T, i EBBRATH D, SRBITEHEE WSS, Ul (z,y) =12&
BLIEWTES720, MIRLOBERRIESMZIO KT I N TES. MHY T B
FEIZE O RO WA DEZIRIE M2 A WCTERNERHEZEZ RS> 2212k, B
EROAZBERTHIENTE 5.

Uo(z,y)U, (2, y) =

- exp {z tan

23 TATDINKRAT ST T4 v ITART LA OBEE#MORBEE

R T LD B HRARFE T OWFEY 1 X & A A S 22 B2 2R O
RV A XE— R > TS, 205G, FERMEAOW) ARSI QW) A4
FRrHHREE B oTUES. BURTIE, H AT LR UEENMEEEE S DB
xR, RN HRBR T R TEBDEEF G OBE Y 1 ZERKE W, HE
PEEZ TOBEE L VbR RD. TDZ L% Fig. 22135 & 5 ICIHERTE I % Fl1c
R BRI S B 20 OALEIZIUR 2 BRI O HR sk 712 35 1) 5 R IRIE
DM Ue(,y) 1

Ui = acesp { =5 (e +57)} 2.7)

EhobINd., ZIT, a. (FPEREKREKEOIRNE, 20 (X30HKEEO YK 7R
i, kIZEBTHL. WMRRET L EHENLTROBEEY 1 Xz m & U, wGEFET@E
D5 ZEEPEAGHER T (15, ys) = (max,my) IZE#T 5 &

k(2 oyl
Uc(xmys) = acexp{—Z% <m2 + mQ)}
=ac.expy —i (x5 +y2)

2m2z

(2.8)

b, 28RNSO HED LDV A AN m I hi=5E, BAENEMI coOHAER
B 20 DO m2fEINBZ e bhdb,. RIZAERZESIIm >1THEH, EHFIC
A ST BEEINSG Z LIk b. EAIZ SIGTBRVEEINZGE, WRE
RO TANNI LK RS20, HENZEACEONT, VHREBRZLTLES.
ZTDD, TOMEEFRTIBEND L. FRIIIRBEEFIZHLUTHU D S0
XN VWEREY A ZAOEMNEHRBVEAFKINZGED, KE TR 2 RS F
Tk, TOZO@EY BAEHZ RIS T AL UTIERAT IR TE 3.
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Object point source

At recording

Yi

SLM l
mZZ0
Z

At reconstructing
Fig. 2.2 sUGIROEEG O AL FRRER E

2.4 BAEIRBEREEE
AR TIE, BAEGOVAREA L2 EHNE U, F50HIC K > THAERRMZ MRS

5 a it Bk & BRI A A L 2K T 5. 20 2 FEiFAELETHWS.
FTNENDFIEE ZDENRFZMFITONTIHERS.,

2.4.1 EffciREtEE

[T EETEEORESR % Fig. 2.310R9. [ EMEIEIC & 2 FARFRRERE X, ¥
I DERIRNE AR 2 AR OME £ CRIFHEREI E 2 B 20w, B0 O R %
FHAEICHWS Z I ko THAEREEZ o & 5 L SRR $5 2
EMTED. EIRBOERDFREER RO 7=DIER T LT XL LTHARY b
HErHWS. EEOH ORI REMET T2 7 LA IVEHTED % —E O EH 7 —
Y AW THEAE T S 7V 3 X 4 (SFFT: Single Fast Fourier Transforlfh) % fiu 7215
&, BEGPEEDSONTLEI NS THS. ZOFMIODVTIRBRIZHERS.
ARG PVRIZBWT, IR TFH» St - BNz (X,Y) HIZB 1 5L E

11



Y numerical propagation optical propagation Yo
‘/ ‘/ ‘/
//’ //x ’// //X /// /’%

Y

< > < ,/ > /
// z //remained reconstruction distance
original hologram plane intermediate plane reconstruction plane
(hologram plane)
Fig. 2.3 [ {=kaHHREOEX
SRHRIE 79 A7 1

Us(X,Y) = / / Ay(Vg,vy) - ©(vg,vy) - exp{i2m (v, X + 1Y)} dvydy, (2.9)

£78%. TIT, Ao(vg,vy) BMENEDERIRIED A Uy(z,y) D7 — ) TEMTH Y,
Vg, Uy & (z,y) HIOZERBEBEBTH S, 72, O(v,vy) 1E
; 1 2 _ 2
O(vy,vy) =exp | 27z SV (2.10)

THD. 2 (MBI, N IHEDKETH S, P(vy,vy) IFITCOERERIED A Uy (x,y)
DAFANRYT MVIZEAMNT T HAMMHEBEESFEDHS5DT. (2.9) Xh SRR DI
B 2RO FEBB L, BoNSMMEAMENTHET S, L2L, AR
Ry MVERETT S, EREESEVWGSICEEZ4 D55, ZniE, (2.10)%
DHLMNDE LD IR E L RO 0 KU EL w5720, gt
UIBIZ AV T Y Vv TBEPEL 570 THS. TA VTV IDBEUR O(v,,vy)
O 5 JE RIS A 2 5 B WA U, (x, y) O ZEME A B BU% o0 1A 2 O B AE A i 1 1345
5NT, BAEEIZEWT/ A RERE. ZNEHi<dIl O(vy,vy) ODF VTV VT
KMEEBEZD. O(vy,vy) DR G(vg, vy) 1E

1
OV, vy) = 272 2 vi—v2 (2.11)

ChHB. BV T) U SEIMEESETICE, (2.11) ROBEmER I B B A2 LA
T AT CHBBENDS D, DF Y, Bt 2RO 5 3 A
AU TFTHNTRN. 202 ERTHSbT L

8¢)(Vw,l/y)

Av, 0.

<m (2.12)

max

12



B, 22T, Avy il v, AAIOY V) v IRRTH S, LD DT © K
D LIRTLTDABRBD, ¢y HAEFEROFENTE S, MY 7 MEIZ ofm%
U 7= R D 18 FIRE 73 47 D I R ZE S vemax £ 55 &, (2.12) KX

22 Wamax| (2.13)

1 5
ﬁ - |V$rnax|

&b, (21)A%E 2 ITDOVWTHEL &

Avy -

1
F - Imeaxl

z < (2.14)

-2 |meax| AVw

B, (214 RTHASNBHEMSY LT v/ Eme MRS 2HETHY, h
AMEHBERE D S & 72 .

2.4.2 BKEMAEMINE

BREALARAT AN & 2 AR BR BRI, WAL DA AR BRI 2 (T4 5 Z &
W&o THEBET S, Fig. 2.4 (QITRT & 5 IZBREAAHZ 1L WG s, BEARR
23 TR B m22) THB. Fig. 2.4 Q)T ZERDEEFLED 5 HHEE m22) DALE
WZHEBPEHEL TWARTFZ2RT. 208 X OEMPEE Sz EMNH oLy Xk
RET 5. RIZ, Fig. 2.4 (b)IZRT & D IZ 2L A 2 IR EElE fo DL VU X
ZRLE L7256, TD L EOWEANEMIX 2 MOERHN L v XD & R R

__fd=fi)

—(fi+ f2)

Yib. T, dIFZEREERAE-L v AR TH 5. X 512, Fig. 2.4 (C)IZxR

T X ISR f, DL Y XKDV IZEREMMHEZ 2 ¥ a— & ETHIIL 254,
dzotab,th%@ﬁiﬁ%

(2.15)

= fif2

f1+ f2

L%, (216)Ri 5, REAMOMIELEE r &5 2, REAAA IO L
AR

(2.16)

fife
fi+ f2
_ Jar
B fi+r
m?zor

z9 =

(2.17)

m2zg +r
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SLM

m220 :ﬁ

Y.

i

(a) Bk AAH 72 U

>

1

e ]
<

(b) L > Uz & 2 BRE K AR A

SLM :
P2y

(c) Bl EI I & 2 BRIETALAEAS I
Fig. 2.4 BREAZAHA DL OB M

LB, 2o <miPy THEIhOHERMAMFETIZZENTES. LrL, #IR
T & B ERIEALAH D H R LRI PRI & FRR I Y > 7)) v e 2R LR T
X7 5 20 PR DRI AN 2 BREALA 1

Bun(,) = 5 (7 +7) 218)

LhobIng. (218)ANY v 7)) v VEM AN =T 7201213 (2.12) R & [FIHkIC

Az ‘w <7 (2.19)
ax max
ZHETIIERW., ITNhZE r iz onWTH#EL &
P> 2|Pmax| Az (2.20)

A

&%, ZIT, Tyax BYUMBSCOERIRIBOMD v TEDKRESTHS. Znziie
THRMPEE AN BEDD S,
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2.5 BERERENADIRAIRR

AT, RETFETDH L HERMREEOMIIBREB 45, £, dus7
LOFRHERIZOVTHA L, REFEORFARBRICOVTERS. MAT, MHE
(D BT & HIBEREM BRI & D IREFIEOAMMEE KT 5.

251 FOYZ LEEHEER

TATENAOT T ADELRERIZOWTRERS., T4 I 2NVA0T 5 LOFLERE
BRI W FR % Fig. 251087, ZHRMHABDOT vy NY 2 v X —FEETH 5.
FEIRIZ IZ I R 632.8 nmdD He-Ne L —H %\ 7z. CCD # A 7 I3 HiZE# 1024 x 768,
WY A X 4.65um x 4.65um OH D %AWz, FEYKRIZIZ 148 mmay 1
0xEA, RERTED?S 240 MMOAEIZEE L7z, SEEOREAIZ 1/2 RN
(HWP) & 14 EMR (QWP) ZELEL 2. a5 Idfifly 72— LTHW?2), &H
WD RAEL A 0, 7/2, 7, 37/2 L B kSt 2 AadbyErz. LT, fr
MBI RO R 2 ATEEDO T+ VRV KBTI L&k, MHY 7 NMEREHT 5
L& TUHARK D ADIERE IS Uiz, ARIFZETHWZAHEY 7 M EIZR SRR L
DEZDEED R T T Db SEKAERE KD 2B EINHY 7 MESD TH 5.
VT IVRA LGLEk - AV AT LR FEBT B 72 DI I3 B — Gl sk TREAT AT BE 7R I I 43 E
RS 7 Bk 6360 2 H\\ 2 DD B Y, ARWFSE T I RO MR DWW T
WO ML 720, WHEIMHY 7 MEEH V.

Beam
Light @Spatial spliter HWP QWP , Mirror

source H filter O:: I I

Polarizer Lens

Mirror

[7-—N1

—CCD

Beam  camera
splitter

Fig. 2.5 025 AGSkERES R

Object
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2.5.2 OfEWETEE

o] 7 = G 3R O B R 2 A MR X (2.14) R & EBREAME (A = 632.8 nm, Ay, =
210 M, Vymax = 1.08 X 10° m™Y) 225 2 < 34.9mm & 72 5. EERIKIZZ DM %2HE
T A0S T LONRFHEEREB IR o7, AWERNEY R % Fig. 2.6
IR

HPFE CCDAATIEHRB T T LGS FEREF UL D% H Wz, 22T L
FEHT792x 600, HFEY 1 X 20 um x 20 um ® LCOS-SLM (Liquid Crystal on Silicon
Spatial Light Modulatorys i\ 7z, ik 7 MR & 0 B U 294K 6 0 48 E R IE 4
DD BN EMNMERA S Z 52 UTLCOS-SLMIZERRT 5 Z 212 & ek
KEFET S, CCD A AT ITIIMHE SRR 25 mmofEskL v X 2D 41, Zh%z A
WCEBREBISRT 5.

EHEFEEZ 30 mmA» S 80 mmx T 10 mm 3 D &/L X ¥, Fig. 2.6 12T HFHR
ZHWTEGZBIS L. Bon-HAEK% Fig. 2.710R7. BBEHIPELS 15
o, BEBPEFTDPSERLBREL TS ES>THrb2s. 3, Y 7) v
RPN SBH U ERIESORFE L 2 < 349mmTHS. DF b, Fig. 2.7 (@)D
30 MO AL TR LTWS. LA L, Fig. 2.7 (b), Q¥ > 7V v 2@l % i
$ Fig. 2.7 (@& EMERMIC KR ERZMIFR o w. ZORKE U TYIRDALER K &
SIHRIF T DURIICE EN D EMBEEBONHEREZSND. DEDH, 40 mm»
50 mm® & EEMEHECER S NS L S 2@ =AU S DY, Gk L 2Pkt
FLAEEENTOWERR 2D THILEZONS.

Beam
Light Spatial  splitter LCOS-SLM
source filter

Lens

CCD
camera

Fig. 2.6 S B R
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(a) {ZHBEERE: 30mm (b) {ZHBEEEE: 40mm (c) {=HkpEfE: 50mm

(d) =Rk 60mm (e) =HEEEE: 70mm (f) =HEEEE: 80mm
Fig. 2.7 [ ERFHFEEZEEZH W2 L EORFHES

2.5.3 BFKEMAEMINE

(2.20) R A & BRI A7 AH ) 0 o 45 %) 75 BR 1A A7 46 D i R P R IT FEBR &M (Ax =
4.65 um) 225 r > 35 mm &7 5. EREAAMMIITEDOMEEER %2 B 22> 72, Ukt
DEFERIE AT 5 2 2 ERE AL OB R 2 1X 10 mm e 100 mmo 2 ffHE U 7-.
PR W EBIRT 2720129 T V&M THE r >35mmhar o KRESEL S
ExEBE L. SAEMHNE% Fig. 28127, Fig. 2.8 @QEHASIIZT A )T
VIMEULTWE I ERbhb. T DAMHD G %YKL DEEIRIEDMHIZE %,
Fig. 2.6 R T HFRCELRZBE L. Boh/-HAERE Fig. 2.912R7. 7V
v W= Fig. 2.9 (b) TIRFEEAIZREL B 5NTWAA, Fig. 2.9 (8)TE
FAEGAEREBIE S . Fig. 2.8 @QISET &5, ¥ 7Y v 2 EEAE R LA
BREMAHIFZZ AV TV I L0 EEOL VAR ELTWS &S RAMES & 250
5THAH. HEERIOMMOGETIE, LoDV VAR ATWSELSIZRZS. %
DIz, £y XOHEIZHY T B E AN FEGD H S bh, BREAMMHEMMETIEY
VIV VTR T ABENHD I ERLT VS,

2.5.4 SFFTZEIC& 2O icikEtE

FIHEH T VT XL UTHARY MVETIFR S SFRTEZ W5 EIZ D0
THRARD. 241HTHRE LA L 512, EREIRICETNSMMEHDOY > 7)) v 7%
ZRD 5.

17



(a) M2 10mm (b) #2425 100mm
Fig. 2.8 WAXIc 5 2 % BRE A2 AH

(a) Hhi==:2: 10mm (b) di==2:£%: 100mm
Fig. 2.9 IREINMAEAIINGEZ W7z & & OMRFEFAR

SFFTE

(X2 + Y2)} FT [Uo(x, y) exp {%(ﬁ + yQ)H (2.21)

ik

Uo(X,Y) =exp { 5y

thobInd, ZIT, FTIE7-VILHWERTTHE. ZOLE, x, y HHAOH
#E¥E N, N, 2 U, BEFA X% Az, Ay 95%, ERBEORTHS (X,Y) H
BT YT v IR

Az Az

AX = N, Az’ AY = NyAy

(2.22)

THAONS. THIMEIRIERE 2 1ZHHI U TIRIRE DTN B 1 5 22/ 7 fRBE DMK 9
523 Y. QA TRMHEN DT S, IhETLEKIC, MHEDOY

18



YTV IR MEERD L. £, MIKKDOERIREIAG U, (x,y) B> S RAHEIZD
WTEZD. TDOHIHIEZ

dsrrT1(T,Y) = %(Iﬁ + yz) (2.23)

L. 2ROV TV v IEMIX

Az ’ Odsrrm (2, Y) ‘ < (2.24)
ox

CHEZoNnS., TNETEEBRIZ 2 I2DD0WTHEL &
. 2| Tmax | A
- A

CEREAAHNINE DR TH 5 (2200 N0HL L FE U0, EREE»S 2 > 35
mm & 725, FKIZ, $5—207 - ZEMBITEHPDAHEIZOWTEE R 5.
Z DALFHIE %

(2.25)

bsrrra(X,Y) = o (X7 +7?) (2.26)

EBL. (226)R0H v TV v M

O¢srrr2(X,Y)
0X

AX ‘ ‘ <7 (2.27)

LHEZoNE. I 2 IZOVWTE &

s 2Xmax|AX
- A
5. 22T, Xpax B (X,)Y)HIZBITE X FHADKESITHS. (222) R,
(2.28) A & FEEREM 2 SEMRIEBE DT 1E 2 <35 mm & 725, ZZTHEAHTREZ L
X, (2.25)=, (2.28)X»1 5B Nz DODEMFEATHS 2 <35 mmE z > 35 mm i,
EDFE U TARESDHENHEIZR->TWBEIETHS. 2D ehs, SFFTER, &
FEREMETIE IS MMOARY v 7Y Vv IER AR L, FNLSMNIRmE LW &%
HoODT. AANRT MIVEETIXZE M FE R 2 31T 2 YRS D EEIRIE 540 12 A7 AH %
5220, ZOEKT VT XL TEEKEA AN S Fkk, PO 8 RZHRIE 5
WHEBMHEZ G R 5. 207D, GAMHEMHEDOTA ) T Vv 7 IEHEBRPERD
LONBEZLIZEN-TLESD.
YIalb—vavitkh, O L EFEIHT D, EIRIEEIZY Y TV VT &M%
B9 5 35 mmiZinz, 20 mma* s 60 mm % T% 10 mmElE T2 L X &7 6 fEE
L7z, ThEhAu s I AHEETER L%, RO OFEH#EZ2 SFFTEICEL Y
HELMKT 2., o703 ) XLZ2EEICHWSEEIL, SKEIZHREZRD D720,

(2.28)

19



Q2DNADHE1HEDOTA ) 7o v ZIEHET TR R . £/, FHAERZTART
z>35mm%Zi/z L TW5720, (2.21) X0k O EFZRIRIES A U,(x, y) [ZH#H
BAMHEOTA Y T v ZI3EU RV, Bon-FmAEE%E Fig. 2,101 7 . SR
S5 MMTIE—DODOHEAEBIBETE S, LHrL, TUUNDGEETIE=2D&MERXD
IBLEL LN —HEE LRV, TOMMEDMAIZITA) TV IREL, HER
NEBEHODLNT WD, T70bb, HAEFMEMEE UT SFFTEZHWSHE, &K
FEBEMTIE IS mMMOE—DEI L 2FIHATEY, FAMOKEEZRZTI LN TER
W, FE 7z, SFFTK (2.22) NI & o TIEMEEEHEA N 2 2 I ONTERBEO Y > 7Y
VITRAKRE L D, ZIUIMEHEE I A U T ERE O | O 22 M 0 EEDMK S
L2 HRUTWS, D0, ik a s I LAEBET 55 DOEERIES o2
MO REEDPME R T A Z LIz h %, ZOZ L IFHEABEEMATIZORAES. ZhbsDl
& o SFRTEIZ S 2 AT IER 1T U \WHIBR A B 5 720, (&#E O m 05 E o
% RO DBITIIEN R FIETH D0, Hi7-wERIRED M % B KD 5 R EHEHE
HBIZIEARMERFIETHA I EZRLTWVWAS.

(a) {=fikeERAfE: 20 mm (b) {ZHEE#E: 30 mm (c) {=#ikrERfE: 35 mm

(d) f=fiEEE: 40 mm (e) f=H:EEAE: 50 mm (f) {ZHEEE: 60 mm
Fig. 2.10 SFFTEZEH TV I) XL W & & OB A5

20



2.6 BEEBEMREZZAVEAEZBEAEERS KU BERGNEAMESR
[ 7GR & BRE AT IME 2 A S bR, REFEOAE AN Z Y HAEER
WX DFEHET B, Fig. 261 RTHFERZHAVTOLEEEGEBIERT 5. HAENRSE
Mk E AW ICEEEE LSS, BITERETEEO A, RmAMEMEDO A, 2 F
EERHAGOEZGED 4@ 2 W T 5. 2.5.2100 & A4 fx 515 O £ 1%
50 mm&, 253 SEREAHDOHRYEZEZ 35 mmeFHE L7z, B U -HERZ
Fig. 2.11IZR Y. ENTNDOFIETHAEGIEEMWICHERSBETE I 2 hbh
5. UL, ZERDEAFZEOmEMEIC X 0 O FAGIINTE BIIFERD S5 b
TWA. @EiREHEZ & 0 EIICBIE T 572012, RRMZENLLZH D% Fig. 2.1212
R Fig. 212129 £ 512, ZERPDEAFR OB FEREE I X > THFFEA R B EHRN
HobhTWwb., UL, Fig. 21LI3RT & 512, [T EGRE XL OB +45
INE W28, ARFZETIEEERR LR,

I, BEFECL2HEGOHAEERZIET . JEE, BHEMEEZH D, CCD
AAGIZEON T =2 TV T4 —H AL Vv AOEHEMEZFMHT 20T IZ

(a) EEHA (b) [l s it

(C) BRERL AR A Ik (d) 2 FEOFAE DU
Fig. 211 &FHIT & 2 I
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(a) EHZHE (b) [l =t

(c) BRIERZAEAS Ik (d)2 FEEOfMAG LY
Fig. 2.12 RIFMEEN U 7S FIRONEHLEA

X0BIho7. BonHAERME zh o DHERIE% Table 2.11Z/73. Table 2.1
o, HELUZHAEEREZZNS OHRME OMENRBBLZE 6% ~ 9% THRS
ni-.

IZ, & bOBERIC KB HARBANRINMEREZ B 0S5, HW TR % Fig. 2.13
WRT. HEERE 10 ADEARE T T 5. EAEGRSITHINCEFEI TR X =7y b
EREL, MIETI2HEBROBFEMBLFRUMBEIIZZR =7y ME2AIRICBEEH IS TCH
ENEZHET S, BEEE X =7y MR UCAEICH D & B L7z & & DE/EE

Table 2.1 &FEDOEF AR
Experimentalmm) Theoretical (mm) Error (%)

Directreconstruction 4835 4440 +8.9
Numerical propagation 3835 3515 +9.1
Addition a spherical phase 615 565 +8.8
Proposed combining method 515 547 -5.9
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Movable !
target |
——

Beam
Light Spatial splitter LCOS-SLM
source filter '

Fig. 2.13 fEBMTERHILFEL Y%

PS5 X =7y NETONEMARIET S, BT EHEITEAENLERDVPBEIEHD Y A
TLATHAH7-0, MIRFHAETRLS, #EEEEIICLDB IS, FMFERITFE AR
4440 MMO BEEHEEDIGE L 547 mm®D 2 FEOMAGHLED 2@V IZONVWTEZ
molo. BEBLEOGEIE, #HEEICXAHEMIZ 1910 mma: 5 5830 mmod i
2oL, E¥EIX 4110 mm, EE(R 131060 mmTH - 7-. 2 FikzfAGDLE
733A0E, WEREIC X A HEERIZ 327 mmA» S 663 mmOEPFHIZ O L, SEXEEIX
531 mm, fE¥EfFZ21X108 mMMTH - 7z. EZHERE O 2 O FHAKE B2 D W TR ATk
WRT. RBEFECL > THEHEMOEERAZ K D/NSLTHIeATERE. Le
U, o4 OEERBAKRES BLE7-0, TUREEIHELTWSEIEREILN
5. FZT, LOEBRLKRES IS 72012, Bon/-H e BEE e O T
S 5. FEAGSEERGEE, HERME L DML % Table 2.212/79°. Table 2.252 5, %
TOHEMEOMAZERT S Z LD TE, HEERFACHM O GIZEWTRET
EDEHTHDHZ L E2R U, BEHEFEIMEERT A2 Z N TE 2D, FHEEIIK-
TWa., ZOKFKAIE,  hOBRTE2HNETS2RDEELERIMEHRATH D, K

Table 2.2 FAEATE R EERGGE R & XTI
Theoretical Experiment Average Standard deviation

Directreconstruction (mm) 4440 1910-5830 4110 1060
Ratio - 0.43-1.31 0.93 0.24
Combination(mm) 547 327—-663 531 108
Ratio — 0.60-1.21 0.97 0.20
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EETILEFHEDAIZL BT EHIREZ2B IR0 ThdEZ NS, TN
5DFERP S ERNIIAFIEIZIVHMBINABETSANBEOBRENFIA LI L 25
Gk L 7=,

2.7 #E

ARETIE, TAVRNEAT T T4 97T 4 AT VA YAT LIZE T 5 HAEHRHD
Atk HAEDOMTARELEALTLESMEIIIODWTIRR, BELU K 2O HAN
B EIE O A A% FEEEL 7=,

TAIVRNKAT T T4 97T 4 AT VA IFEHFITHAWIIIEZEF L BEICHNWS
BN FZE DEZEY 4 ADMED S, FAERMS LB OYIR—71 A T MR K &
KEZ-TUESIMERDS. ZOMEOMIFIEL LT, B EMEHEE L KmAL
MEZREL, TNENOFEOENRFMFCOVTHLNILEZ, ¥5560F
HBBY T TEBICE D SHIRBFEL, TN 2 HBRIITEIEL 2. 2 Fikz
HAEHLEDL Z 22X >T, HAEREIZ 4440 mmD S 547 mmAae BB X Z 84D
LIZEHET 22N TE, TD 240 mmoD 2 58 TR TS Z L ITkhLiz. Z
NIXEFES A ABRBEELZ 7 um x 7 um OZERPDEEFEZ W22 & LR U T
H5.

X 50z, HARBRAGTEOAHMEIZOWTKRIET 5720, #HRE 10#OHKFIZLS
HAMBEHCEREZB I o7, WEREIZ L 2 HAEHOHEMOBHERAL, RE
FHEIZ X 5T 1060 mmA S 108 mmFE CIEIK L, SBETFEOFAMZ R L.
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(3.1)

O(x,y) = X:FT_1 [FT[O;(x,y)] exp(i2mv,Az;)] (3.2)
j=1

THZoNS. ZI7T, Oj(zr,y) ikl 2l Do —L AT s YV &x)Hn s
7 LDERIRIESATH D, n F3BME, v, JMEMAMOEMERBTHS. £,
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(B.2) R AT MVIEIZ & O UNIERE Az T & ARHR L 7 RG22 NS 5
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Exh, BifEHEmEEETERL. B2 XNTRTOETEEREHET L2012
REEERBIMERL, MEEGHREBIL>TWV5.
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U & WELE R, — AR EGLIEO B THO O N T WS U S WELE Z ko
75 LOBEEBBICHEAT L FETHS. SEHEBBIIIL, HEHEEL S WVEEL
T, TN TOMHZEMEEZ 0 L THUHTH 5.
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N)ARZBENTLED., INEZBRTI-DIEEDOL E\WEL2HEL, HAmEAg
DHEFEFENZD L EWEL T OGE, FBEGIRIEEZ 0295, AELIZX 2/ 1 X3
AMNZHAEBBEE IV 5L, LEWHEZHSERETNE ) A X0AZERT LI L
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DAEEMNMU, ¥/ 74r—2o8MOE020 5 L%2ERTS. [0,21) DT VX LD
ZIRIENRICERA D Z 212k, EARIZYRD S DILHCEHE 2 KD, Fru s T L
TEBNZ — R IRIEP R O N 72D MHF e 7T L2 EMT 22N TE 5. D
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K7D, BENZIZONELS RS, 2N DFEEBROTEOMZBEIZEH L, Kz Yk
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U, Mz iRt e S0 NI, Mtz FEAIRIEE LTy 7 71V ERD 5.
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THEDIN, (M 2 & KHIOBIKIC D 5. SEEROY Y 7Y v SRR
2y, AU (2,y) MBI LT 2 LREOBEE KD S Z LA TET, ERARIEE
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(Ioy) ZFAWT
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35, Gl AR & B o fE I Fig. 3.8 R THEEAMH WS, IV T AMR
A LITED IFEHHBEBHHICHEE SN, HBEREEIXEVWEWZ 5.
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W5 DEETU E WA 17/255 AR X AL A2 THLD BRdvdh, EAR S NRh - 7z
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ZHD T ERARIRIEAEEOIE D PR WHRTH - 72, 72720, TNIEHEGIPELE
TAHMEANCIRS. U EWELEECIEARBTOSHERTL S WELEZ L, Yk
HDEDIRERETHEIND KO WARPEDOAZEL, TV XL A XD XS
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22T, Fig. 3151 CRTHBO D EZIRE T 2 2 FETHIKT 5. Fon:
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Fig. 3.14 7 A: G O 3

Table 3.1 &TIEICT & B HEBIRIED 2 #A
Complex amplitude  Phase only

Thresholding 4.8x 1072 4.8x 1072
Pickinga peak 3.0x 1072 2.9x 1072
High-coherence digital holography 6:3102 6.2 x 1072

Fig. 3.15 FiA: (& DI D AL

Table 3.2 2FEIC L 2 WD 43 U
Comple amplitude  Phase only
Thresholding 0.6< 1072 0.7x 1072
Pickinga peak 1.2¢< 1072 1.6 x 1072
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KA —VLV VAT AVENLERA T I LEREERZREEL. Ko —LV VAT VXL
RO ST 4IEARY IV ) AAREI— LV VY ATV XIVERA TS 7 4 1ZHART
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SETCEHEHEST I LEBEL U TEIL -V Y AT 1 VRV ET T T LEK
(DA, WEMAERIE) 2RELUZ. AETHE, TR ARY 7V A K%
HE LT, I — VLY AT 1 VR FKE T T LS DE K ECERE S KE ™
ZIRET S, KmEAEBEE, HEBAEBELFE, Kae—LV Y RAT 4 Y X)kn
75742 X 0K E GCERO RO Y S AR EERT 5. WIKEHRIZ 3.3.21HT
AR B KIRIER R 2 W CHEUG L, T OWKRIERZ KT % & 5 ICBRE R O %
REDAEZ B, dSR TR =2 ERT 5. 72770, HEHEREL IZER
b, REKEERIEIZEVERLAEZFRO S S AIHEICEZREZ KEL T35,

AT, BRERAERIZE S 5027 T LEBEIZODWTHRR, 3T TR ZHERE
BiEE DERERRE, AT, ¥YIalb—ya itk EEREE % C 203
U, REFIEOFHAMZSEET 5.

4.2 EEEBEICE DO 5 LERK
AT, BREKRESHRIZESF0 7 I L ERBEIZOWTRRZEE, HEREHREL
BRIENE A E L DAFRIZOWTIHRR D,

421 RERERE
BRI & O C IR AT 2 WK% SOHOE £ 0 L %2 5. Fig. 4 LI BRI A Bk
OREANE AT, Fig. 41108 & 512, AREBAOGHEO A 2 S L Th 5 ERMEHRD
SRR (LM, SR T 25 L) 2UK EO& SENREES NS &S CERAD
BTN, I (2, y,) TREARDZ T A2 MEARL, BEIEEOHD ST A
M (z,y) ¥ CEMEEL, A0S A2ERT 5. SEAT2 S LR ENT 200
VIR RLIE - HRIEI IR IR A (2 & 0 BT 5. BRI L 0 B 5
WTH3ETHARELEB D THY, AETHEMIZOVTIIEKT 2. » B HOR
RAFHEAA % 2RI R LTk, % DRAIRIHA T Xk DIREA T CH 5. £/,
Z DRHKEE B R 2 DRI DIGE THS. Z OYIEMEITEES S &
5B E RIS U TR DR R 2 B S €, SEhn S5 AR ERT 5.
o, e VLA, BRI O HELED 401 K = W, SEERASK D 5, Z0r
S QAT 2S5 LT h HHREROERIREA L, RENGE1LT5E
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U(zs,ys; [) ZeXP{V(x%y?)} (4.1)
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THEZOoNS., 22T, fIFERAKEOMBLETHS. ZOMFLE fITSEHDOBR
FEMEICIGCTEITS. 22T, G1D)RTERSNS ST ST L DOEEIRIE
DADNMEIZH LT Y TV I&MME%2ERD. T4V XIVT — XTI X
0~2r THOLEEN, RETEIMMLLITBEEZEBCRAT THSE. ZOZeh
5, (4.1) XOMMIHE ¢(xs,ys) DY ¥ TV v I ERME

09(Ts,Ys)

Az
o 0z

< (4.2)

max

Y75, ZIT, Augldas HADHEEY A ZTH 5. WAWEE B0, (4.2)RE

2mx
< .
Axg N <m (4.3)
&%, (A3)AX% x, IZOWTHRS &
Af
s < 4.4
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LB, ZOHIPHE R B RN OIS DN EIC Mk EBAETET, HAERT
JARXEo>TULED. ZD7D, ThzHikdT 5 o, DHEFE, 2o 7)o
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Table A #5#% 10 AOFHAEAMER TG R (52 5)
Testees’ number Direct reconstruction (mm) Combination (mm)

1 5830 557
2 5010 555
3 4410 354
4 3750 538
5 1910 662
6 3490 327
7 3980 606
8 4745 533
9 3540 663
10 4450 519
Theoretical 4440 547
Average 4110 531
Standard deviation 1060 108
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