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Background Removal of Fringe Projection Patterns Based on
Modified Fuzzy c-Means Clustering Algorithm
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Abstract Background removal remains one of the most challenging issues in the phase retrieval from a single frame fringe
projection pattern. This study proposes a modified fuzzy c-means (FCM) clustering algorithm to remove background from
a single fringe projection pattern. To remove the background part from the fringe projection patterns, a modified FCM
algorithm was used to divide the fringes into black and white fringes and optimize the modified FCM objective function to
get the background part. The performance of this algorithm was evaluated by applying it to two simulated and one
experimental fringe projection pattern. Furthermore, it was compared with the Fourier transform method, morphological
operation-based bidimensional empirical mode decomposition method, and variational decomposition TV-Hilbert-L
model. The experimental results indicate that the proposed algorithm improves the ability of background removal and
accuracy of phase extraction.
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Fig. 1 Results comparison of first simulated fringe projection pattern. (a) Original fringe projection pattern; (b)—(d) Fig. 1(a) corresponding

theoretical background, fringe, and unwrapped phase; (b1)-(d1)corresponding results of FT on background, fringe, and unwrapped
phase; (b2)-(d2) corresponding results of MOBEMD on background, fringe, and unwrapped phase; (b3)-(d3) corresponding
results of TV-Hilbert-L.” on background, fringe, and unwrapped phase; (b4)-(d4) corresponding results of proposed method on

background, fringe, and unwrapped phase; (e)-(e4) enlarged details corresponding to Fig. 1(d)-(d4)
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Fig. 2 Results comparison of second simulated fringe projection pattern. (a) Original fringe projection pattern; (b)-(d) Fig. 2(a) corresponding
theoretical background, fringe, and unwrapped phase; (b1)-(d1) corresponding results of FT on background, fringe, and unwrapped

phase; (b2)-(d2) corresponding results of MOBEMD on background, fringe, and unwrapped phase; (b3)—-(d3) corresponding results of
TV-Hilbert-L* on background, fringe, and unwrapped phase; (b4)-(d4) corresponding results of proposed method on background ,

fringe, and unwrapped phase; (e)-(e4) enlarged details corresponding to Fig. 2(d)-(d4)
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Fig. 3 Results comparison of experimental fringe projection pattern. (a) Original fringe projection pattern; (b) corresponding theoretical

unwrapped phase; (c1)-(el) corresponding results of F'T on background, fringe, and unwrapped phase; (c2)-(e2) corresponding

results of MOBEMD on background, fringe, and unwrapped phase; (c3) - (e3) corresponding results of TV-Hilbert-L* on

background, fringe, and unwrapped phase; (c4)-(e4) corresponding results of proposed method on background, fringe, and

unwrapped phase
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Table 1 Evaluation metrics on results for simulated fringe projection patterns

Fringe projection pattern Method SNR; /dB MSE,
FT 6.93 2.36X1077
- MOBEMD 9.51 1.39%1077
et TV-Hilbert-1." 14.93 3.68x10°°
Proposed method 16.53 2.63X107°
FT 10. 52 8.63X10 7
Fig.2 MOBEMD 11. 14 1.17Xx10°°
TV-Hilbert-1.* 16.49 3.10x107°
Proposed method 16. 82 2.66X107°
F2 I SRAAR Y E TN HE bR
Table 2 Evaluation metrics on results for experimental fringe projection pattern
Fringe projection pattern Method MSE,
FT 1.63Xx10°
Fig. 3 MOk.ﬁEMD 4.25%X10°7
TV-Hilbert-1.* 3.02X1077
Proposed method 2.11X1077
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