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High Resolution and Fast Digital Holography Reconstruction Based on Space
Bandwidth Product Analysis

LIU Sheng-de, LV Xiao-xu, ZHONG Li-yun

(School of Information Photoelectric Science and Engineering, South China Normal University, Guangzhou 510006, China)

Abstract: To improve the resolution and the speed of digital holography reconstruction, the space bandwidth
product is used to analyze the application range of Fresnel reconstruction algorithm. Analysis results show that once the
recording system satisfies the requirements of space bandwidth product, limiting resolution and rapid reconstruction can
be obtained by Fresnel reconstruction algorithm. Meanwhile, short recording distance lens-less Fourier transform optical
path is one of the configurations satisfying the requirements of space bandwidth product. Importantly, Fresnel recon-
struction algorithm still can be used to reconstruct the complex amplitude of the object to be tested at short recording
distance. Moreover, through comparing with Fresnel reconstruction algorithm and convolution algorithm, both recon-
struction resolutions are improved, and during large value aperture reconstruction, the memory and calculation time
required by Fresnel reconstruction algorithm is far lower than that of convolution algorithm.

Key words: digital holography; space bandwidth product; fast algorithm; resolution

Bor 2 B ced 80 emos RIGFRERIC R B RE A FIYR ARG R E . 847,
2 QA G RO T YR IRIE, nT L O TR BRI AR, 2 U T A ARV R

POk 7R B A, M ARSE o T ced BE
# cmos FIRALIRER MR R TR HACR A, 0 R
RN ARG R 2 B o T REE T
I 52 B0 g 2 R A v TR A E, F 5 A I
A R A — S S B A e A 40
3 VA 20 P LS

Mz VE SRR B A R s K, A 38 0l DA A

s HHE:2016-03-24
VEE A XIETE(1984-) , 5 AHHFE A, 325 R ARl A5Gl 1% )i

SRR | B e T I B d o [ R N D
Fa I e AR . AR UL, gl sk K, H
T T {)”'%ﬁiﬂ’] i) H7 55 BN K T R A B A%
(4 25 ()5 9 AR A A2, gl mT LR e e B B ok
EARE AR 2 B B, SOP R A5 R
P J 1 b B Rk R AR e B
PRI T — STk

I 5 T RIFE.



58 b ol R N N

B LERIE

1@ i
1.1 HFEEIBHESIERAR

TER T2 B, RGR R RE 1, BT DL 5E
o B M E R R R T R PR,
AT

~ A
0, NA (1)

Horb, AWK VAR RGEEUE LR . ZE
T RGBT RE ) 5 R L, 5 BUE AL
PR L SRTTAR D 98 48 1 58 ) AR R U — 9
BRI R, REXT 2 R IR AT G . TEd 4
Bl HH R g, —Jrm, 7 b ic &4 B E L
TR AR ) R AL B i T A Y e (n
BRI, RSE/N) il HAE B2 5 1Y 23 ) e AR
PR P, 7810 s ALYk FR vp, an e 3 4y
F XA B A 25 8] 47 50 FROR A0 S A T 4 1 15
BOE s, Jy—Jrm, fE A B, TR IR
e ST I 1 1) B A R R L A 4 A T A
LR BT, AT DA Bl FET 5832 ok e 3 d A8 1S, fi
PRS- 4 0P I B ) ) A, AR T R Vi K 4 0 P 3
BRI BRI R SR IR B LU ORI 25, R T BELAS: T
RO PR o TR RRAL B AN BE R IR B2 42
BREPERIEOT , AR 2 Bl Sk RS
Sy PRSI0 H AT DR G I B AL AR 08 5 v R 5
I 3B B IC SEPANG ALARS SR T X R E AL T L JE
TR R S5 AN T 2, BT A 1 4 8 P L Re 4
TR SR F A, /R R —FE I R A4 0
HUE RRAE G AKX A YA S IR . SR,
X7V 2 AR K 1 A, s B OR S
B o R, AT R G A3 R
HUEE , A IFFE A AR ] A7

23 (A1 S AR5 T AT LA oK B2 e fep I R i 15
B, 5 —Jr i, 3 TIe s RGOk UL, AT DL i AR
SR B R ARE ) BARR Wi Brh, AT LA
FHR A 5 R G0 AR RE o, B Z 8 vl LA s R 1 K
INFIARTTIRE S o TRl AN S S ) AR AR — 4
PGB AR AR I 23 [ SEAR N, T LARIR A

N,=x,Av, (2)
Hrp, x, RORFFNPAI KN 5 Av, Ry WK /N3
IR ES Ax, XPRLAYAT 8 . TE— @R BFROR TR
RWRERAEE., M ERMBTFEERE T,

XF SR B G A BT =, AR E) Al v AR A
BEBOTUFRR R

N, =x,Av, (3)
Horp, oy, R EURAR AR RS RN Av, BAR R K
N Ay, X5 RERYAT S8 o B IR A ]l 8 BT B A
(wigner chart) K4#i& , EATH) wigner chart & HAG —
ER/NIYFEIEY, SR H) G 283 2 Fh T8O % 5 2
ARG, WESR K T I A8 o 5 T8 %
A A5 FIE AR A A5 S P2 B ) 55
I, T3 Bl B9 R IE wigner chart 38 32 55 JE 1Y wigner
chart i}, 8 45 E wigner chart 35543 ) 15 BOB: 85 %
2 AN BERGI B R GE AT ARI . O T dR B B b A
I 2 46 1 25 [l S AR, AT DA ok T 8 AN () A i o
G, 2R d5e R PR EE DG T5C PR A2 J At 1 25 ] Ay
Ao 28R P [ A DG 37 5 407 L A 41 B R A S
YA wigner chart °T LGRS T7 I B R, X &
BAte It 11 2 )y S AR R B AR, 2 10, %) T
2% )y 96 AR — i R AR Jds , i FH G B RE KA
R ZWE R I, AT

N,=N,=x,Av, (4)

MAFH x, 5 Av, U, R ER AR &g 3R
1309 N, Sk HA )R 52 AR I I, R LA 5 e 1 i
PR RO A = o HE %, BN R Ge Xt Fid sk ik
1A 300 4730 Bl (FOV) 2K 35 J2 wigner chart [ K/
A RS AL AR 1Y wigner chart, 24T SR FE E
2R OF H R AL AR R RO —E ), i 3¢
BRILLAS 0, [R5t s B 0 FOV CER R I A AR /N
T

Z oA

x"ZTxH (5)
Horr, Z,, e o ik 2] G AL 2 22 8] 11 SR
B A NI RO o O T RIS BN
FOV , A28/ IME R BE2S Z,, o

R R RGERERS 7 PR AN 1T Ry Ax AR (R
55 RS, HX N T A FE T RS AL R
a1y 25 [T SE R N, IO T R PE X (4) , 7R BE
F5e K FH PG A Jedtie 1) 2 ()27 SE AR 25 PF T, el
/LLST YN bS]

x,=N,Ax/m (6)

FE 0 55 A, G AG B 2 a0 Sk B A o 3 3
A

U = i)\ [ Uy ) LURToD 4. 4 (7)

JAS oH

r



524

K EAESE - He T2 [ SRR M 4

[ERiE = Si S e SN 59

Hrb Uy, y,) HHIE5 vy, 0T 2R IE SR AT
— AR B VR AR U T B B = 0 T Y
W5 R

i1 (xH_xo)2+(yH_yo)2 _

Ton = Zon

2Z,2)H
2 2 (8)
[, —x,) +(y, =) ] )
SZ;;H
ORI S BRIE I 0T L3RR R
R(x,,y,) = w (9)

Holr, 1y, WS 6T B0 P IE AR, R
FHZ& BRIy
rw==zmu+“é+fz—“i+f®3
272, 873,
I NI RE S AT R (s L IR /LN
PR B LR AN T S 300, ] DU AR RS J7 14
SR IS U R A5 3 A T RS B A
BERK I, .

(10)

1.2 HF=EBNBIEBIEE

AR 4 BB, Y H O 5 2 H O R,
RIVAT 58 8 M BB EOR IE S WK L ED L
Zi% IS

Ui(xy,)= ji/\ﬂlp\.(xmy”) expijkrRH) exp(=/hr ) dx,dy
P

RH T

(11)
Horpr, w,y, IS T AR T

B (8) IO AKX (1) TR FHE N

U =C|I(x,,y,)ex 'kx2+2L— 1 X
0 _g p.\( H yH) p[.] ( H yH)(2ZRH 2Z0H)]

[xHZ + yHZ]2
87,

eXp{]k{[(xH —xz)S;yH _yl) |

Jix

exp(jkaxIZ+yHy1)r lr
AR B EAS R ERA R REA2)  F R
IXE. MHEDE 5 S H AR, FIR S R
—kE, FIE X (12) PSS —ANHALE F Rl LR A
. [(xH _xu)z +(yH _yr»)z]z [tz _{—./yHZ]2
MR RS 2 X (5) B, =K (13) AR [
TS A] DL Z B AT e, =8 (12) i iR DO
TN

d’"‘udhl ( 12)

(13)

H

C 1,y )expl i +¥2) 5 = 571X
RH OH

3

UU =~

eXp(jkaxl-l—yHyl\ 1

)
Zou TuiT g

d"ud-‘u ( 14)

M (14) H i (il LI AR 3 0T LU Y 125K
T LA PR e R 4 0 Ok AR R

PRI , >4 e 5 2R 0 I s O () il s 45 o 1L o2
G I H A0 R0 S B, 78 RS AL s L3R4
R A L 3R s TR S AR SR A T 9 1 A e 1 L
4 SLIET, SO TG T R AR AR SR I SR T
b P e S U R | S Y NS K R
B AR I R v G BUE A 20, T LU ]
— PR A L A g i P B R Y S IR, A
T 3 B (A R B OA A1 R A9 T B R
T 1 A IR RS

2 SEEGIERA

AR 25 1) 27 5 AR SR BT A S 0 5% B 2 ) il
D3z B i L AR B A& 1 I

i

T
YooY

X
A | / " L(:ljl]
XoX1)
_—
Ton

R Yy

]

€
<

v

Z()H
(ZHI_Z!)H>
P T S ) Al G 2 B L
ARHOCHE R B

Hodr ) x,y, RS YR 10 5 x,y, R
PG AL [ I 7E A T S 1

ST T 1951 USAF 23 HE R4, o~ T 3k 458
HIE SR B IR SRR B Z,, 13,78 mm, T HIAY
EURAL a2 Z RN, H 300x300, 12 % K/ Ax,
10 pwm, 4 T ARIGE N FOV, TE4> BER bR I 1 FR
FIHA KN Ax (B 420 0.5 mm 1Y 156 RE AR
BH 1E 7 BE B LA et o S0 Fr 3R A 1Y T 8
Z—IE 2R,



60 o S A i 3%
RO 2T M MR R R, L BE RO 1613 1p/mm,

50 100 150 200 250 300

K2 +¥E
ESC U i SR T D ARG T I 3 A

P BRI B 2 AR ML B AR )5 (9 P B an 18] 3
Bt

250 300

50 100 150 200

3l AR R P B o PR B R Wy i 1]

[l f >R FH 1 200 70-FE B O SRS A0 4 /s
SE 40T, a4 s

50
, s
1 ooo S T T
LR
1500 ' =
=il uz W=

2000

g =

1 000

2500

500 1500 2000 2500
Bl 4 FEAEVE/RFHER LA L R AN BB
A i R

MIEL 4 0T LA B, 2 R B 25 - 4158 = o

XTI Ax 298 3 wm , FEIEAR S X (1) 22 SCAO% B3
B, RIEN(6), IS L REH IR KN Ax
0.573 mm, 55258 1 FH A 0.5 mm ELAE Y[R FLEEAR
56 s

HRVAE R T VR, 38 5 A e i
B IO SRR R CiR Z FHEE B, WL, b T EX
L, FH 5 R B A Bk P T A R AR, an R S B
7N o

|
miis ) =

ms =

1=

=il u=

K5 TEBAR L Bl 0T HT40 2315 0 ik 2 1

M 4 B 5 B AT fif ] FRT PR ok
THIL G 25 )7 e AR EOR B A, FLFR RO BR A
GBI I E I —FE W . TEARE 0T,
MR B A AT R T s, FETE22s, H
B T A AR B DT BT 4 YO B A
BAL B FHARE L A gt ) 1 P AR i ) R
PEAT — YA Bt AR s 5, R S AR AN o0 5 LA
2138 B AT LA SR Y AR KT
(L4} B
3 & it

FIH 25 a7 5a R E A&, R B A i AR L,
8 INTER 2 Bh RGE , BURAL s A — 2 1Y
FAFT ARG R B A h R A% B e 1 25 )2l 5
FRERE | BEAE-F BHL% AR /N3 L R 4 4 2 i L
(4, AT LA T A D NS 0 P 4 %) 91 TR 48 BBCEE vy ) 3
BEAE FEXANFERE A8 T RS SRR BN A L
4 RO B IS — Tl BB A5 /5 800G 1 IR A% T i 25 ]
G0N A oy itz LI WD ST BO R WA N ERILE 7w NN 6
R ARAT 15 o R 04 [ B B v P B R B iR i 1 R



%52 KRB BT 25 ()4 SERUMHT B4 o 23 PR A DR 74 L A 61
B &g, WNSEE FIEH T8 6% F E 10 s iE [6] YuL, Kim M K. Pixel resolution control in numerical re-

B A R 4 RO ok 0 S 42 B P L
AR P A IR IR, RERE R S L 5%
B BURE LT —HERROR . Bz, A2 =5 16
AR R, AN ST SR B RE 7 i 2 R TR AR AT
A, T LA P bR R HEL e A R R S B A
PP B i 0 B DR A

S 3k

[11  Goodman J W. f HLIH-5E42 g, Jbat: i Tolk Hi i
#, 2006.

[2] XuL, Peng X, Miao J,et al. Studies of digital microscopic
holography with applications to microstructure testing|J].
Applied Optics, 2001,40(28): 5046-5051

[3] Binet R, Colineau J, Lehureau J-C. Short-range synthetic
aperture imaging at 633 nm by digital holography[J]. Ap-
plied Optics, 2002, 41(23): 4775-4782.

[4]  Takaki Y,Ohzu H. Fast numerical reconstruction technique
for high-resolution hybrid holographic microscopylJ]. Ap-
plied Optics, 1999,38(11): 2204-2211.

[5] Haddad W S, Cullen D, Solem J C, et al. Fourier-trans-
form holographic microscopel[J]. Applied Optics, 1992, 31
(24): 4973-4978.

[10]

[11]

[12]

[13]

construction of digital holographyl[J].
2006,31(7): 897-899.
Lu X, Zhang Y, Zhong L, et al. Fourier algorithm method

Optics Letters,

for reconstruction of large-aperture digital holograms
based on phase compensation|J]. Optics Letters, 2004,29
(5): 614-616.

Xu L, Peng X, Guo Z, et al. Imaging analysis of digital
holography[J]. Optics Express, 2005,13(7): 2444-2452.
Mendlovie D, Lohmann A W. Space-bandwidth product
adaptation and its application to superresolution: funda-
mentals[J]. Journal of the Optical Society of America A,
1997, 14(3): 558-562.

Lohmann A W, Dorsch R G, Mendlovic D, et al.
Space-bandwidth product of optical signals and systems|[J].
Journal of the Optical Society of America A, 1996, 13(3):
470-473.

Claus D, liescu DI, Bryanston-Cross P. Quantitative
space-bandwidth product analysis in digital holography|J].
Applied Optics, 2011, 50(34): H116-H127.

Yamaguchi [, Zhang T. Phase-shifting digital holography|J].
Optics Letters, 1997,22(16): 1268-1270.

Li-Ping C, Xiao-Xu L. The recording of digital hologram at
short distance and reconstruction using convolution ap-

proach[J]. Chinese Physics B, 2009, 18(1): 189-194.

(5 42 50)

[R]. ARL-TR-1463, Army Research Laboratory, 1997.

[4] M40 4, 2EHEEE , BLIE A AS [RDRI AR I Ak A1 88 A il 4% 2
TR EE A6 (1] 4 ORHRR 2 5 TR 224k, 2011, 29 (6)
925-928.

[5] 1555 A 82 0E Y GICs BB BB, B
B, 2000, 15(1) : 52-56.

[6] XA WRINEC, ARG, S MK A 55 H R Kk TR
ARHPEREXT LULI]. #8575 i 2274z, 2004:76-78.

(7] 5KAE, i, EIR R, S R M KA B A AR
il £ B H 8 mm P U R[] 55 T 2% 4], 2011, 32
(12):1510-1513.

(8] WRINEL, KR R IRIG, G T A1 B IR LT A 2k
RS R R SR S REM R, 2007, 15(1) : 70-72.

(9]  EF, R, skite, Lm0 T Ak A1 85 &
FIBFSE()]. kR R R ,2009,28 (4) : 844-849.

[10]

[11]

[12]

[13]

[14]

AR A AR P B A7 55 i 2540 S PEREDF ST KT
i, 2006 (5):1-4.

2 i AT PR R FE RT NEZ MK A 5 Ay ) 4 S HO T [M). e
A AU HTORA, 2009.

Chung D D L. Electro-magnetic interference shielding ef-
fectiveness of carbon materials[J]. Carbon, 2001, 39 (2):
279-285.

FEAEE, 2 R0, X006 S DI BRETF AEXS 3 mm B 2 Js 1k
RERFFEL)]. T, 2005(5) :4-7.

TCFERE AR, 2R S DI AT 4 52 A ARG 8 mm I T
WeHERERITIEL)]. BEREHY/ LA FPRE, 2006(3) : 19-21.
Wilian G, Rouse. Millimeter wave screening cloud and
method[P]. US 5148173.1993.

KRG 2T AR G HOR K AEREDT S (M.
HL L TR, 2012,





