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Reconstructed Image Enhancement of Digital Holography in
Contourlet Domain Based on Particle Swarm Optimization
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Abstract Aiming at the problem of low contrast, blurred edges and textures, and speckle noise of reconstructed
image in digital holography, an adaptive enhancement method for reconstructed image of digital holography in
contourlet domain based on uniform searching particle swarm optimization is proposed. Median filtering algorithm is
used to suppress speckle noise of the reconstructed image. After the contourlet decomposition, edge enhancement is
performed for the band-pass directional subbands by a nonlinear gain function. While the coefficients of low-pass
subbands are adjusted by the gain function based on a gray-scale transform and the local mean. The gray-scale
transform aims to expand the dark areas of digital holographic image. The undetermined parameters are found by
uniform searching particle swarm optimization. The fitness function takes into account the contrast. definition and
peak signal-to-noise ratio of image. A large number of experimental results show that, compared with three existing
enhancement methods, the proposed method can more effectively improve the contrast and definition of reconstructed
image in digital holography, highlight edges and textures, and suppress speckle noise. As a result, the measurement
accuracy of digital holography can be improved.
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Fig. 2 Results of four enhancement methods for reconstructed image of digital holography 1. (a) Original image; (b) image by

median filtering; (¢) histogram double equalization method; (d) stationary wavelet transform and retinex method; (e)

NSCT method; (f) proposed method
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Fig. 3 Results of four enhancement methods for reconstructed image of digital holography 2. (a) Original image; (b) image by
median filtering; (c¢) histogram double equalization method; (d) stationary wavelet transform and retinex method; (e)

NSCT method; (f) proposed method
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Table 1

Quantitative index evaluation of the proposed method with existing methods

Experimental Histogram double Stationary wavelet NSCT Proposed
Index evaluation

image equalization method transform and retinex method method
Contrast gain 3. 14 1.32 1.18 2.21
Image 1 Definition gain 1.93 1.55 2.16 2.43
PSNR 36.13 25.53 71.09 60. 87
Contrast gain 4. 60 2.16 1.15 2. 65
Image 2 Definition gain 2.02 1.71 2.24 2. 36
PSNR 16. 59 26.19 71.98 59.52
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Fig. 1 (a) Schematic diagram of fiber laser pumped continue-wave mid-infrared optical parametric oscillator
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and (b) measurement result
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