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Fig. 1 Laser speckle image noise suppression process based on fusion filtering
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Fig. 2 Simulation experimental diagrams. (a) Simulated original package phase diagram; (b) package phase map after adding noise
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Fig. 3 Images after filtering. (a) Sine cosine filtering; (b) sine cosine full variation filtering; (c) homomorphic sine cosine filtering;
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Table 1 Comparison of speckle suppression index of simulated package phase map filtering results

Filtering method Sine cosine filtering Sine cosine full variation Homomorphic sine cosine Fusion filtering
rerng (Method 1) filtering (Method 2) filtering (Method 3) (Method 4)
Speckle suppression index 0.8312 0.8305 0.6268 0.6231
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Fig. 4 Specification of composite specimens with preset defects
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Fig. 5 Composition diagram of digital shearing speckle interferometry system. (a) Schematic diagram; (b) photo
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Table 2 Speckle suppression index for different filtering methods

Filtering Speckle suppression index

method 1.1 1.2 1.3 1.4 2.1 2.2 2.3 2.4 3.1 3.2 3.3 3.4
Method 1 0.7092  0.6057  0.7149  0.6675 0.4197 0.4162 0.4020 0.4001 0.6740 0.4313  0.6551  0.4520
Method 2 0.6911  0.5921  0.7142  0.6667  0.3981  0.3975 0.4009  0.3992  0.6686 0.4235 0.6546  0.4532
Method 3 0.7089  0.6023  0.6783  0.6038 0.4162 0.4127 0.3603  0.3594  0.6859  0.4306  0.5170  0.4152
Method 4 0.6878  0.5344  0.6705 0.5898  0.3718 0.3707 0.3417  0.3442  0.6288  0.4168 0.5047  0.4008
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Fig. 8 Comparison of speckle suppression index for different filtering methods
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Table 3 The number of phase residual points for different filtering results

Filtering The number of phase residual points
method 1.1 1.2 1.3 1.4 2.1 2.2 2.3 2.4 3.1 3.2 3.3 3.4
Method 1 172341 110607 64041 59811 544792 477548 442251 423643 197967 8152 69946 47525
Method 2 11604 7840 8212 7067 62117 46883 63404 79964 12519 14668 28220 15126
Method 3 471640 281888 699187 571680 592437 520614 869965 868960 534251 97765 750659 419293
Method 4 3467 2309 3646 3035 33117 35845 37974 34250 3293 621 5912 814
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Fig. 9 Phase unwrapping comparison of different filtering results
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Abstract

Objective

the different interference characteristics of the laser and the measurement environment, there will
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In the process of using digital laser shearing speckle interferometry technology for measurement and detection, owing to

be multiplicative and additive noise
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of different properties in the phase map wrapped in the measurement results. However, noise presented in the wrapped phase diagram
makes it difficult to conduct and ensure accurate subsequent phase unwrapping. Therefore, investigating how best to suppress and
remove noise contained in wrapped phase diagrams is crucial for measurement applications involving shear speckle interferometry.
Currently, problems remain with noise suppression and the removal of speckle interference-wrapped phase maps. For example,
traditional noise suppression methods (such as sine cosine full variation filtering) consistently fail to fully suppress both multiplicative
and additive noise while protecting wrapped phase information, which makes the analysis error from subsequent processing either too
large or complex to conduct. Hence, in this study, we propose a homomorphic filtering-based sine cosine full variation fusion filtering
method that effectively removes multiplicative and additive noise while protecting wrapped phase map information. Subsequently, the
effectiveness of the proposed method is experimentally verified.

Methods This study proposes the suppression and removal of wrapped phase map noise during digital laser shearing speckle
interferometry measurements using a homomorphic filtering-based sine cosine full variation fusion filtering method. First,
homomorphic filtering is performed on the original wrapped phase image containing noise to suppress and remove multiplicative noise
components from the wrapped phase image. Subsequently, the filtering results undergo sine and cosine decomposition to remove the
periodic noise components in the wrapped phase diagram. Finally, the decomposed sine and cosine images are subjected to full
variational filtering to remove the remaining additive noise components. Simultaneously, the speckle suppression index is introduced
as a criterion to determine whether the filtering process has completed while suppressing the noise. Subsequently, the decomposed
sine and cosine images are subjected to arctangent transformation to achieve filtering recovery of the final wrapped phase image.
Additionally, the effectiveness of the filtering method is verified through simulation experiments and composite test pieces with preset
defects.

Results and Discussions It was confirmed that the proposed fusion filtering method achieved the goal of protecting phase
information while removing multiplicative and additive noise in wrapped phase images. By simulating the wrapped phase diagram and
its corresponding noisy image, noise suppression results were obtained using the proposed method alongside other traditional methods
(Fig. 3). From their speckle suppression indices , it can be observed that the speckle suppression index obtained using the proposed
fusion filtering method was the smallest, indicating that this noise suppression effect is the best, Thus, verifying the feasibility of the
proposed method. The proposed filtering method was validated using composite materials with preset defects. According to the
filtering results, it can be observed that the speckle suppression index of the image obtained using the proposed method after filtering
was approximately 10.7% lower than that of traditional sine cosine full variation filtering. After phase unwrapping the filtering
results, the number of phase residual points in the noise suppression image obtained using the proposed method was the smallest, and
the phase unwrapping results stabilized, thus, verifying the stability and superiority of the proposed fusion filtering method.

Conclusions This study proposed a sine cosine full variation fusion filtering method based on homomorphic filtering to address the
issue of noise in a wrapped phase map obtained from shear speckle interference. By considering different noise properties, we
effectively achieved the suppression and removal of various noises, ensuring smooth future phase unwrapping. Compared to the
traditional full variation denoising process based on sine cosine decomposition, this solution reduces the speckle suppression index by
approximately 10.7% and protects phase information for subsequent phase unwrapping processes. Moreover, the filtering effect
stabilized with fewer phase residual points during the unwrapping process. First, the feasibility and effectiveness of the method were
verified by manually adding noise through a wrapped phase simulation. Subsequently, the actual wrapped phase map containing noise
obtained by detecting the composite specimen plate with preset defects was filtered, and the filtering effect was quantitatively
evaluated using the speckle suppression index. The phase information protection effect was also evaluated through phase unwrapping,
and the effectiveness and superiority of the proposed method were verified using both simulation and practical detection experiments.

Key words measurements; fusion filtering; digital shearing speckle interferometry; speckle image; noise suppression
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