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Reconstructing Method of Digital Holograms on Arbitrarily Tilted
Planes Based on Angular Spectrum Interpolation

Pan Weiqing Zhu Yongjian
(Department of Science ., Zhejiang University of Science and Technology, Hangzhow, Zhejiang 310023, China)

Abstract To reconstruct a image on arbitrary tilted plane from a digital hologram, a reconstruction method based on
angular spectrum transform and interpolation processing method is proposed. The angular spectrum diffraction theory
is applied to analyze the proposed method. Two interpolation algorithms of forward and inverse spectrum rotations are
presented. The sampling interval is analyzed based on the condition of information conservation of rotation
transform. It's shown that the interval values depend on the bandwidth of the spectrum on tilted plane and the spatial-
band width product of the hologram. The holographic reconstruction is realized on a 71° single axis rotation. The
partially defocus blurred aberration resulted from the tilted object plane is removed by this method. Meanwhile the

range of sampling interval on tilted plane is presented.
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Fig. 1 Schematic illustration for digital holographic

reconstruction on arbitrarily tilted plane
HRAE A 5T 55 BS AR BT 63 /(e ) # AT
3 it DR U A A T 1) A 75 P TG S T 3 6 - T 9 Y
S AR %06 W A 1 5 T H A TG 3 B L AR
#1532
Flu,v) =9 f(x.y)} :ij(x,y) X

exp[— 2n(uz + vy)Jdzdy, (D)
o e RO A F Cus o) SR 63 B A3

551 1% XoF I 1) - T 9 IR Ok

k=2xlu v wlusv)], (2)
A wlu,v) = QA7 = =)V [\ H L R E—
YAE S 2000 oA (a3 W R A A
Fa.0) = HAfG.), =0k KX N k =
2nla o wa,»], i wlu,v) = A —a* —
o) T T TE A 2 5 R OR A — 6
(] — 1 35 1 181 0% 43 3t 76 WA [m) - T Ak bR R F W] AT
FHE AR 0
PR (3
T T Ay AR T8 A 72 i L M3 2 2 T A 6T DR
FHISE v BRERE T 0, ff1 o e e 2 H A 1l

{k =Tk

cosd, 0 —sind,
sing, 0 cosd,

it LA 225 -1 L 9 6 3 i n) el RCT DR A 2
AR AR A5 2L B

F(a.,v) = F(cos 0,a + sin 0, ,0). (5
X () A 308 B 2 4 o RV AT A5 310 5 22 68 o7 14 % T
G A o BRI H T AL R 28 22 18] A Ale b T e 42 #t
S AR AN TE 2 B BT DATE BT AL B rp 2 7E
APt L B A ] B Al AE R i FET A
P 5 1] B R 19 00+ PRt Ry 1 A5 BT SRk A B Y
Ten A i BT A T R AT 48 A R A B

u
A 9]1:00
0,=30°
16,60°
! A /A
T %l v
\ . 1 6=90

Pl 20 T T AR A 4 3 2 2 T 1 Al b S A it 2k
Fig. 2 Curves for transforming Fourier frequency in

source coordinates into reference coordinates
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Fig. 3 Recording configuration of off-line

digital holography
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Fig. 4 Digital hologram of (a) the printing characters on tilted plane, (b) holographic spectrum with filtering window of

61.82 mm ' X41,32 mm ', reconstruction amplitude image on parallel CCD plane at (¢) 106 mm and (d) 115. 2 mm
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Fig.5 (a) Reconstruction amplitude image and (b) spectrum by setting the interval as the lower limit Aa=0. 0527, Ao =
0.2056, (c) reconstruction image and (d) spectrum by setting the interval as the upper limit Az = 0. 0854, Av=
0.7342, (e) reconstruction image and (f) spectrum by setting the interval lower than the lower limit Aa=0. 0379,
A9=0. 0566, (g) reconstruction image and (h) spectrum by setting the interval higher than the upper limit

Aa=0.1004,A9=0. 8842 on a 71° tilted plane
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Fig. 6 Reconstruction image on parallel plane from (a) the tilted plane and (b) the original recording hologram;

(c) the error image by subtracting image (a) and image (b)

4 4k ®

P T — Pl A R e e A 4 RV A (AR AR
EANE E i TR R EEN T R R
B U (AR e RN A (S . P O T T S
3 MAC 5 T B AT A0 A 4 T A e AR e e AR
e, FEATIIE T TS IE S AR e AU (A 1 R B IR 4
BT e SR A R 0 B Ak B O EAR A b
T A A R v P e A T B R R R H A B T
25 I R B A U A b i FRE R H N AR /N R T
) b A SO DUt A ) o A /0 B ke A 48 i R T L
) A T T A 4 8 IR 2 (Rl TE R . SEIR A5 AR R
B, A ST 2 5 15 AT K A s T b ) T A S [R] B
T BBT SR £, DT A5 3] 57 2 0 T 0T PR A . SRR TR
B /N 25 T BRAEL s D) 2% s 30 28 R APR 0 0 8 1
B S ECH I G E R 2 o BRI
% FECHIG T & . R ) e AR A 7 35 AT DL S
37 Mk T 2 JE S AR R, R 25 R R R T
EEE 5 . 27 WA 1T B EL R, W] )iz
FTHIE T p R mk i f 2 M msE e 8, 3.

5 F X M

1 Pan Weiqing, Zhu Yongjian, Lang Haitao. Phase-contrast
imaging technology with digital holographic microscope based
system calibration [ J ]. Chinese J. Lasers, 2010, 37 (7).
1812~1820
W, R, R, BT RGOS E AN B2 BT
®IT]. FE# kL, 2010, 37(7): 1812~1820

2 S. Murata, M. Yasuda. Potential of digital holography in
particle measurement[J]. Opt. Laser Technol. . 2000, 32(8):
567~574

3 Wu Yingchun, Wu Xuecheng, Wang Zhihua e al..
Reconstruction of digital inline hologram with compressed sensing
[J]. Acta Optica Sinica, 2011, 31(11): 1109001

R, R, R O ESRAE SR TR
K, 2011, 31(11): 1109001

4 G. Coppola, P. Ferraro, M. lodice et al.. A digital holographic
microscope for complete characterization of
microelectromechanical systems[]]. Meas. Sci. Technol. , 2004,
15(3): 529~539

5 J. Kithn, F. Charriere, T. Colomb et al.. Digital holographic
microscopy for nanometric quality control of micro-optical
components[ C], SPIE, 2007, 6475; 64750V

6 P. Marquet, B. Rappaz, J.

holographic microscopy: a noninvasive contrast imaging technique

Magistretti et al.. Digital

allowing quantitative visualization of living cells with
subwavelength axial accuracy [J]. Opz. Lert. . 2005, 30 (5).:
468~470

7 Zhao Jie, Wang Dayong, Li Yan et al.. Experimental study on
the quantitative phase-contrast imaging of the biological samples
by digital holographic microscopy[J]. Chinese J. Lasers, 2010,
37(11): 2906~2911
B, R, O E BT B BRORN T YR S A
RSB )]. PRk, 2010, 37(11): 2906~2911

8 A. Sten, B. Javidi. Theoretical analysis of three dimensional
imaging and recognition of micro-organisms with a single-
exposure on-line holographic microscope[ J]. J. Opt. Soc. Am.
A, 2007, 24(1): 163~168

9 X. Wang, D. Zhao, F. Jing e al.. Information synthesis
(complex amplitude addition and subtraction) and encryption with
digital holography and virtual optics[J]. Opt. Express, 2006,
14(4) . 1476~1486

10 T. M. Kreis, M. Adams, W. P. O. Jiiptner. Methods of digital
holography: a comparison[ C]. SPIE, 1997, 3098 224~233

11 S. Ganci. Fourier diffraction through a tilted slit[J]. Eur. J.
Phys. . 1981, 2(3): 158~160

12 D. Leseberg, C. Freére. Computer-generated holograms of 3-D
objects composed of tilted planar segments[J]. Appl. Opt.,
1988, 27(14): 3020~3024

13 L. Yu, Y. An, L. Cai. Numerical reconstruction of digital
holograms with variable viewing angles[ J]. Opt. Express, 2002,
10(22) . 1250~1257

14 K. Matsushima, H. Schimmel, F. Wyrowski. Fast calculation
method for optical diffraction on tilted planes by use of the
angular spectrum of plane waves[J]. J. Opt. Soc. Am. A,
2003, 20(9) . 1755~1762

15 S. De Nicola, A. Finizio, G. Pierattini et al.. Angular spectrum

0809002-5



H |

# ot

method with correction of anamorphism for numerical

reconstruction of digital holograms on tilted planes[J]. Opt.
Express, 2005, 13(24): 9935~9940
16 Writing group of Handbook of Mathematics. Handbook of

Mathematics [ M ]. Beijing: Higher Education Press, 1979.
329~330

(B TR BH. B FHIML dbar. & 5807 W A,
1979. 329~330

17 R. Keys. Cubic convolution interpolation for digital image
processing [ J ]. IEEE Transactions on Signal Processing .

Acoustics, Speech, and Signal Processing, 1981, 29 (6).
1153~1160

EERE AT E

0809002-6



