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Fig. 1. Algorithm flow diagram for fast phase unwrapping.
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Fig. 2. (a) Phase object with peak values and (b) its off-axis hologram; (c) the retrieved result of the Fourier transform; the un-
wrapped results by (d) branch-cut and (e) least square; (f) the retrieved result of this proposed algorithm.

184201-3


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 72, No. 18 (2023) 184201

WK R 532 nm BIGIE, B R4 BLE QA 2(b)
7. g FAR S0 10 52 PR R I rr) 4 EEL Pt 22 48 A o7 1R
AL S EIRE AN 2(c) iR, AT, fE
TG LIRS AR L2, A2 fift AL 2 B
A REAT BN AL AE B A RIS YD F
AN IRIE XS K] 2(c) HEATARALE, 19 2R B AR
FE 2(d) FE 2(e) B, $KIG, AR SCRE LS
IR EAOL AN 2(F) Frs. o] WL, AR SCE R R H
K BIAINL E 2 L AN, AT BRG—, A
SRR R IRSEA 500 pixel x 500 pixel X 8.

W 3 AR AR AL 48 O R DR 2% I
PEIUR A B LR RO B B R e 3 h, =
Hiaw s s, &AM IR FILIK R 45 R bn e
744 0.5371 nm.

“"w—_—
m— Y% ' |
300 | — H/h Ik

« ARICHEE

200
100

1
0
400

300+
—100 |
200
— 200} 100
ol . . . .
310 330 350 370 390
. .

0 100 200 300 400 500

Position/pixel

Height/nm

—300

& 3 2(d)— () H 2 60 i £ T b ) T A
Fig. 3. One-dimensional (1D) phase profile along the black
dashed lines in Figs. 2 (d)—(f).
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Table 1.  Comparison of three algorithms.
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Fig. 4. (a) A hologram; (b) the retrieved result by Fourier transform; (c) the retrieved result by the proposed algorithm.
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Abstract

Digital holography is one of the most widely used quantitative phase imaging technologies at present,
owing to its non-contact, high-accuracy and full-filed measurement. However, when the optical path difference
induced by the measurement sample is larger than the used wavelength, a phase unwrapping algorithm has to
be utilized to unwrap the phase and retrieve the actual phase. And the existing phase unwrapping algorithms
suffer huge computational burden and slow retrieval speed. Although they have been greatly improved, their
retrieval speed is limited by the phase unwrapping. In order to solve the above-mentioned problems, a digital
differentiation-integration based phase unwrapping is proposed in this paper. This algorithm is based on the fact
that the actual phase information is contained in the complex-valued function after Fourier transform, band-
pass filter and inverse Fourier transform. After Fourier transform, band-pass filter and inverse Fourier
transform, a complex-valued function containing the actual phase is retrieved, and two sub complex-valued
functions can be extracted with just one-pixel shift digitally. Then, two functions are divided pixel by pixel, and
another complex-valued function containing the differentiation of the actual phase is obtained. So the
differential phase can be retrieved easily by the phase extraction. Finally, the retrieved differential phase is
integrated along the inverse direction of shifting, and the unwrapped phase can be obtained directly. This
algorithm can work effectively when the variation of the measurement phase is in a range of (—mn, =]. This
algorithm is just based on the Fourier transform and the complex-valued division. Unlike the existing
unwrapping algorithms, this algorithm is much easier to conduct and has light computation burden. Therefore,
this algorithm can realize fast and accurate phase reconstruction directly. Several simulation and experimental

results can verify the effectiveness of this algorithm.
Keywords: off-axis digital holography, phase retrieval, Fourier transform, phase unwrapping
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