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Fig. 1. Flowchart of Hierarchical phase unwrapping.

224204-2


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. 70, No. 22 (2021) 224204

B IR R E 92 A3, B AR
PEERTE, WICTT R EHRAAE I 35 1R ey
Ik AE Yk M R AHGH R A&, L, A
fifp LS R DN, JERE

3 PG AT

R T BT A A RO, RIS T
— RN 05 By, R I EAL CPU
Intel i5-4590, F 4% 3.30 GHz, 7% & & 16 GB,
IR REUE ] CPU BUAZALEE. S5 FH 4 B B
PWRATI A N = 632.8 nm Fl Ay = 532 nm, K T
T 05 B R AR, 7 FL 320 Th AN T S R 5
e, FH AT A A B A = 289.0 nm 122
-»

(a)

0246 810121416182022
102 nm

& 2

-3-2-10 1 2 3
rad

I B Ay = 3339.8 nm. B %%, #IH PEAK
PRE A CRR I A, H A3 A an i 2(a) o, RST
4 500 pixel x 500 pixel, EFIEAE N 2198.6 nm;
AR AR G2 B, FFEH—AE
4 BB IMEIE R 0, 772520 0.001 B = 17 (1 M
A WE 2(b) Bz FIH BRI A A PR 2 5300 1291 4k
SR N T N XER AR, 43 AN 2(c)
A 2(d) B, IEIHRT DAt PR AR 37
AT IR

R T TRIRASCEE BB AR 58 S A A
WERL (BIE D) MR (s 1) FnEds:
LML (BRI, SASCRE L (L)
HATILER. 4 FVEIEIRE 25 R 3(a)—3(d) FIr
N, SEREMRZIE 3-—-3(M) FiR. AT ER

4-3-2-10 1 2 3 4
rad

(a) R R IR () B A2 RIE; () A Al (d) A X RE IR AE AL

Fig. 2. (a) Original height map of the simulated sample; (b) simulated multiplexed off-axis hologram; and corresponding wrapped

phase maps at (c) A\; and (d) Ag.
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Fig. 3. Reconstructed results by (a) Algorithm I, (b) Algorithm II, (¢) Algorithm III, and (d) Algorithm IV; and the corresponding
residue maps obtained by (e) Algorithm I, (f) Algorithm 1II, (g) Algorithm I, (h) Algorithm IV.
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white dashed lines in Fig.8).
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Abstract

Dual-wavelength digital holography can expand the unambiguous measurement depth in phase unwrapping
by using a differential synthetic wavelength which is longer than the single illumination wavelength. However,
the phase noise is significantly amplified due to the magnification of the differential synthetic wavelength,
resulting in a lower measurement accuracy. On the other hand, a lower noise level can be achieved by using
additive synthetic-wavelength which is shorter than the single illumination wavelength. However, the
corresponding unambiguous measurement depth is greatly reduced due to the phase ambiguity. In this case,
combining the merits of the differential synthetic-wavelength and the additive synthetic-wavelength, different
low noise phase unwrapping algorithms have been developed in recent years. However, these algorithms are
complex and time consuming because they need to calculate multiple intermediate variables or search for the
constrained boundary conditions in two-dimensional space. Therefore, in this paper, we develop a hierarchical
phase unwrapping algorithm by using the two synthetic wavelengths for dual-wavelength digital holography to
realize low noise and fast unambiguous measurement with large depth. In this algorithm, the unwrapped phase
difference obtained by the differential synthetic wavelength is used to guide the wrapped phase of one single
wavelength to realize phase unwrapping, and then the optical path difference obtained by the single-wavelength
unwrapped phase is employed to guide the wrapped phase sum, and thus realizing phase unwrapping. As a
result, the phase noise is attenuated and the depth sensitivity is preserved for dual-wavelength phase
unwrapping. After theoretical analysis, a series of simulation experiments is carried out on the reconstructed
quality, anti-noise characteristics and speed through comparing with state-of-the-art dual-wavelength phase
unwrapping algorithms, including the conventional algorithm, the linear programming algorithm and the direct
linear programming algorithm. In this case, a flipping dual-wavelength common-path digital holography with
orthogonal carrier is built to acquire multiplexed off-axis hologram in one shot and illustrate the operation of
the algorithm with circular step target, and stability test of the setup. Both the simulation and experimental
results show that the proposed method can be simplified and deterministic, resulting in a lower noise phase
unwrapping in a time of 20.5 ms for a phase map of one megapixel. We expect that the proposed method can

have practical applications in measurement that requires high accuracy, fast speed, and large depth.

Keywords: dual-wavelength digital holography, phase unwrapping, synthetic wavelength, low noise
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