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Application of Heat Conduction Equation in Phase Extraction of
Speckle Fringe Pattern
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Abstract Denoising is a key problem in phase extraction for electronic speckle pattern interferometry (ESPI)
fringe. The heat conduction equation (HCE) is applied to denoise for ESPI fringe patterns and its filtering
performance is analyzed qualitatively and quantitatively. Based on the HCE filtered result, MBO algorithm and HCE
are applied further to binarization and phase map smoothing respectively. And the phase map of the fringe is extracted
successfully from a single fringe pattern. The research shows that HCE can efficiently reduce the noise of speckle

)

fringe pattern, improve the edge of binary fringe pattern, and perform phase recovery rather accurately.
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Fig. 1 Experimentally obtained fringe pattern by ESPI and its filtered results. (a) Initial image, (b) HCE filtered result,

(¢) mean filtered result, (d) Lee filtered result
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Fig. 2 Computer-simulated ESPI fringe pattern and its filtered results. (a) Initial image, (b) HCE filtered result,
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Table 1 Speckle index comparison of ESPI fringe patterns
before and after HCE filtering

Experimental Simulated
Fig. 1(a) 0. 7452 Fig. 2(a) 0.7917
Fig. 1(b) 0.1678 Fig. 2(b) 0. 2401
Fig. 1(o) 0. 2854 Fig. 2(c) 0.2773
Fig. 1(d) 0. 2739 Fig. 2(d) 0. 2665
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Fig. 3 Binary fringe patterns of Fig. 2(b). (a) Threshold

result by histogram differential method, (b) binary
result by MBO algorithm
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Fig. 4 Skeleton of binary fringe pattern in Fig. 3(b)
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Fig.5 (a) Three-dimensional (3D) phase distribution obtained by C spline interpolation, (b) its HCE smoothed result
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Fig. 6 Absolute error of 3D phase map between the
extracted phase [ Fig. 5(b)] and the ideal phase
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