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Automatic Phase-Distortion Compensation Algorithm in
Digital Holography
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Abstract A method for the automatic phase-distortion compensation in digital holography is proposed, in which the
image segmentation technique is used to automatically segment the detected objects, thus a phase mask is
generated, and the phase-distortion in areas without containing the detected object region is further obtained. The
least-squares fitting of phase-distortion based on the phase-distortion correction model is done and the automatic
phase-distortion compensation is eventually achieved. In experiments, a built-in digital holographic inspection

platform is established and the wafer surface measurement is conducted. The results show that the proposed method

can be used to automatically correct phase-distortion.
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Fig. 1 Recording principle of point hologram
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Fig. 2 Level set segmentation results. (a) Measured square
object image after segmentation; (b) binary image of
Fig. 2(a); (c) simulated rectangular object image
after segmentation; (d) binary image of Fig. 2(c¢)
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(d) phase value in the 200" row of phase map with distortion
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Table 1 Standard deviation and height value of phase in the 200" row after correction by three algorithms

Standard deviation of each interval in row 200

Algorithm type Height /nm Relative error /%
0-274 275-367 368-561
Algorithm 1 0.22 0.58 0.19 69.20 30.80
Algorithm 2 0.12 0.58 0.12 89.03 10.97
Proposed algorithm 0.09 0.58 0.10 97.20 2.80

4 4k v

B X G I Xk G AR AR R L AR {7 B AH XS 28 48 W 28 AN
] 220 A DL L 3R — Bl T R B B 2 B
FHAE IR AZ 38 AN I . IR R IR T KT SR R A
Ji HR R [ 5 2051 1 24 BBCPER  f BAG T 4 L
XA 5 B AG I y AA 1 E FOAR (02 EAT W AE AL IR . SR
R I PR B S R UL e A R T Bk N T Bl ik
YR 78 XS ) A O B0 AT XF L S BRI 4R Y Y
T PEAZ 0 0 B W 228 A T 7 4 R I R A, FE A B
TE T i W A8 1 E J5 % B AT AT 1R 5 A S

s £ X #

[1] DiJ L, ZhaoJ L, Fan Q, et al. Phase correction of
wavefront reconstruction in digital holographic
microscopy[J]. Acta Optica Sinica, 2008, 28 (1):
56-61.

RRVLA, B, o, & BFEL L RMAR P ER
Wi B A AL A IE [T O62f 224k, 2008, 28(1):
56-61.

[2] Kebbel V, Adams M, Hartmann H J, et al. Digital
holography as a versatile optical diagnostic method
for microgravity experiments[]]. Measurement Science
and Technology, 1999, 10(10): 893-899.

[3] XulL, Peng XY, Miao ] M, et al. Studies of digital

holography  with

microscopic applications  to

microstructure testing [J]. Applied Optics, 2001,

40(28): 5046-5051.

[4] Seebacher S, Osten W, Jueptner W P O. Measuring
shape and deformation of small objects using digital
holography[J]. Proceedings of SPIE, 1998, 3479:
104-115.

[5] Kebbel V, Jueptner W P O. Application of digital
holographic microscopy for inspection of micro-optical
components|J]. Proceedings of SPIE, 2001, 4398:
189-198.

[6] LiuYF, Zhang W B, Xu T X, et al. Study on in-
line incoherent digital holographic microscopy in
reflection configuration[J]. Chinese Journal of Lasers,
2016, 43(11): 1109002.

X%, sksonk, VR, A RO R Al AR AE T
FEBRMBB RGO ). P EEOL, 2016,
43(11): 1109002.

[7] Deng L J, Huang X Y, Zeng L. M, et al. Dual-
wavelength image-plane digital holographic microscopy
based on bi-color LED chips[J]. Acta Optica Sinica,
2018, 38(1): 0111004.

WA, WAH, WA, . T XE LED 1
W KGR T &8 BMAD]. Je¥¥M, 2018,
38(1): 0111004.

[8] DiJ, Zhao J, Sun W, et al. Phase aberration
compensation of digital holographic microscopy based on
least squares surface fitting[J]. Optics Communications,
2009, 282(19): 3873-3877.

[9] WenY F, Qu W J, Cheng C, et al. Phase errors
elimination in compact digital holoscope (CDH) based on

a reasonable mathematical model[C]. Proceedings of

1209001-6



e ES

2
¥

i

[10]

[11]

[12]

[13]

[14]

[15]

SPIE, 2015, 9302: 930207.
Cuche E, Marquet P, Depeursinge C. Simultaneous
amplitude-contrast and quantitative phase-contrast
microscopy by numerical reconstruction of Fresnel
off-axis holograms[J]. Applied Optics, 1999, 38(34):
6994-7001.

Zhang Y Z, Wang DY, Wang Y X, et a/. Automatic
compensation of total phase aberrations in digital
holographic biological imaging [J]. Chinese Physics
Letters, 2011, 28(11): 114209.

Zuo C, Chen Q, Qu W J, et al. Phase aberration
compensation in digital holographic microscopy based
on principal component analysis[J]. Optics Letters,
2013, 38(10): 1724-1726.

Liu Y, Jiao M X, Xing J H, et al. Automatic
compensation of phase distortion based on Zernike
surface fitting in digital holographic microscopy [J].
Journal of Xi’an University of Technology, 2017,
33(2): 193-198.

Xz, AR, RERL, F BHFLBEBHMAT
Zernike R MG WA AL ZE A b2 (0], WRHT
JeBE2EA L 2017, 33(2): 193-198.

Colomb T, Montfort F, Kiithn J, et a/. Numerical
shifting,

parametric lens for magnification, and

complete  aberration compensation in  digital

holographic microscopy[J]. Journal of the Optical
Society of America A, 2006, 23(12): 3177-3190.

Osher S, Sethian J A. Fronts propagating with
Algorithms based on

curvature-dependent speed:

Hamilton-Jacobi  formulations[]]. Journal  of

Computational Physics, 1988, 79(1): 12-49.

[16]

[17]

[18]

[19]

[20]

[21]

[22]

1209001-7

LiCM, XuCY, Gui CF, et al. Level set evolution

without  re-initialization: a new  variational
formulation[C]. IEEE Computer Society Conference
on Computer Vision and Pattern Recognition, 2005:
8588904.

Chan T F, Vese L A. Active contours without
edges[J]. IEEE Transactions on Image Processing,
2001, 10(2): 266-277.
Caselles V, Catté F, Coll T, et al. A geometric
model for active contours in image processing [J].
Numerische Mathematik, 1993, 66(1): 1-31.
Malladi R, Sethian ] A, Vemuri B C. Shape modeling
with front propagation: a level set approach[J]. IEEE
on Pattern Analysis and Machine
Intelligence, 1995, 17(2): 158-175.
LiC M, Xu CY, Gu C F,

regularized level set evolution and its application to

Transactions

et al. Distance
image segmentation[J]. IEEE Transactions on Image
Processing, 2010, 19(12): 3243-3254.

Li J C. FFT computation of angular spectrum
diffraction formula and its application in wavefront
reconstruction of digital holography[J]. Acta Optica
Sinica, 2009, 29(5): 1163-1167.

ZRE . AT 20 e A AR e 5 R A
oA B E A by AT LT] . e i, 20009,
29(5): 1163-1167.

Li H. Variational level set method for multi-phase
image segmentation[D]. Qingdao: Qingdao University,
2008: 9-10.

A ZHREGEGR SR ZESKEEITED]. F
5 HE KRS, 2008: 9-10.



