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Fig. 2 Facial mask and deformed fringe: (a)facial mask; (b)four-step phase-shifting
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Fig. 3 The wrapped phase map: (a)the wrapped phase map on the reference plane
(b) the wrapped phase map on the facial mask
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Fig.4 The wrapped phase map of the mask: (a)processed by Gdeisat method;
(b) processed by the proposed method

N T OB B B /N AN S AR 15 L Gdeisat 300 IR SCT7 1 A8 Ak BN ] b i 22 S L FRATTEAT T XS
P S, SR FHAH [R] C B R B Y matlab 2016a ROAS FI 4 Ak B8 500 84T 20 A 20 B8 R /0N 762 0K 1T EL AR A Y
S0 v R ] S 56 B0 (R 20 BER 0l 688 X582) 73 i) R L #E e /N AN i B A3 125 L Gdeisat J5 & LA
SCTTREATAR B, 2 1 S5 T =R B A BRI AL XS

4

35

k1S

¥ Cpusin)
phase(rad)
L

the proposed algorithm

05k +  Gdeigat method 41
o i n i s i i
] 100 200 300 400 500 600 700
sampling point{pixel)
* Cpmnie} (b)
(a)

P 5 Fp g B SR AH AL - () /NS A AL X 1B 4 () AT KA AL B 2R
(b) T HLHE ZEAH 7 & 4 (b) AL 5 Ca) i ] — AT (= 260) 3% S A A7 B9 B AR
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Tab.1 Comparisons of time consumption of the three methods (unit:s)
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Fig. 6 Tested specimen and deformed fringe: (a)the specimen; (b) the first fringe

of the reference plane; (c) the first fringe of the specimen
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Fig.7 The wrapped phase map: (a)the wrapped phase of the reference plane; (b) the wrapped phase of the specimen

B i 25 R v A L DX A R A 22

(b}
7 AN (2% e ML (bR G Y B2 A

F {piaats)

®)
B8 FARMIAE S AL AR B (a) 4% Gdeisat AN ; (b) 34 SCI7 15 b 38
Fig. 8 The wrapped phase map of the specimen: (a)processed by Gdeisat method;

(b) processed by the proposed method
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Fig.9 The continuous phase map of the specimen: (a)unwrapped from Fig. 8(a) by minimum discontinuity
phase unwrapping algorithm; (b)unwrapped from Fig. 8(b) by minimum discontinuity phase unwrapping algorithm
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Tab. 2 Comparisons of time consumption of the three methods(unit:s)
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Acceleration of minimum discontinuity phase unwrapping

algorithm based on wraps reduction with reference fringe

ZHOU Can-lin', LI Xiao-lei®, SI Shu-chun', LI Hui', LEI Zhen-kun®
(1. School of Physics, Shandong University, Jinan 250100, China;
2. School of Mechanical Engineering, Hebei University of Technology, Tianjin 300130, Chinaj;
3. Department of Engineering Mechanics, Dalian University of Technology, Dalian 116024, China)

Abstract: In three-dimensional (3D) surface measurement of projected grating, the demodulated phase
is wrapped within the range (—=, =), and the phase unwrapping becomes one of the critical steps for
3D shape measurements. In literature, Gdeisat et al. proposed an algorithm, which combined the
minimum discontinuity phase unwrapping algorithm with wraps reduction to reduce its execution
time. But the method needs to take a large amount of processing time to reduce the number of phase
wraps by frequency or spatial domain algorithm with complex operation process and limited precision.
In view of the above problems, we propose an improved method to accelerate the minimum
discontinuity phase unwrapping algorithm based on wraps reduction with reference fringe. Firstly,
four phase-shifting grating fringe patterns are projected onto the tested object and reference plane
respectively by digital-light-processing (DLP) projector. The deformed fringe patterns are captured by
a CCD camera. Secondly, the wrapped phases corresponding to the object and reference plane are
determined by four-step phase shifting method, and the number of phase wraps corresponding to the
object is reduced by a simple division operation. Then, the minimum discontinuity phase unwrapping
algorithm is applied to the phase image of the object with the reduced number of wraps to obtain the
continuous phase map. The proposed method not only eliminates the complex and exhaustive
operation in the Gdeisat method, but also can directly remove the phase aberration of the system.
Finally, the experiments are used to verify the feasibility of the proposed method. The results
demonstrate that the proposed method works very well with high efficiency.

Keywords: phase unwrapping; three-dimensional (3D) surface measurement; fringe analysis; Fourier

transform; phase-shifting method; minimum discontinuity phase unwrapping algorithm



