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Abstract Reconstructed image of digital holography has problems such as serious interference of speckle noise, low
contrast and so on. Thus a method based on speckle reducing anisotropic diffusion (SRAD) model and nonsubsampled
contourlet transform (NSCT) is proposed for improving reconstructed image quality of digital hologram. SRAD model
is adopted to eliminate speckle noise of reconstructed image. After NSCT decomposition, a low-frequency sub-band
and several high-frequency sub-bands are produced. Low-frequency sub-band coefficients are adjusted based on a
nonlinear gain function and an image segmentation method. In high-frequency sub-bands, edges are enhanced using a
NSCT modulus maximum edge detection method. A large number of experimental results show that, compared with
nonlinear diffusion denoising methods and NSCT enhancement methods proposed recently, the proposed method can
more effectively eliminate speckle noise and improve the contrast of reconstructed image. Furthermore, the edges
are smooth and clear. As a result, the accuracy of recognition and measurement in digital holography can be
improved.
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Fig. 1 Noise reduction results of reconstructed image of digital hologram 1. (a) Original image; results by (b) WS_TV,
(¢) CT_ND, (d) NSCT_ND, (e) NSRAD, and ({) SRAD (g, =1)
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Fig. 2 Noise reduction results of reconstructed image of digital hologram 2. (a) Original image; results by (b) WS_TV,
(c) CT_ND, (d) NSCT_ND, (e) NSRAD, and ({) SRAD (g,=1)
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Table 1 Quantitative index evaluation of five nonlinear diffusion methods

Experimental Index SRAD
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Fig. 3 Enhancement results of reconstructed image of digital hologram 1. (a) Original image; (b) image after noise
reduction; (¢) image after linear enhancement; results by (d) NSCT method 1. (e) NSCT method 2, and ()
proposed enhancement method of NSCT
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Fig. 4 Enhancement results of reconstructed image of digital hologram 2. (a) Original image; (b) image after noise
reduction; (c¢) image after linear enhancement; results by (d) NSCT method 1, (e) NSCT method 2, and ()
proposed enhancement method of NSCT
2 = NSCT 33 J7 ¥ 19 2 & F8 b1 F-

Table 2 Quantitative index evaluation of three NSCT enhancement methods

Experimental Proposed NSCT
) Index evaluation NSCT method 1 NSCT method 2
image method
Image 1 Contrast gain 1. 020 1.003 1.920
Image 2 Contrast gain 1. 096 1. 064 1. 631
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