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Digital holographic speckle denoising method based on compound
modulation of object light
WANG Chunyang, KONG Yong, LI Huan, WU Hu, ZHANG He, WANG Meng

(School of Electrical and Electronic Engineering, Shanghai University of Engineering Science,
Shanghai 201620, China)

Abstract: In digital holography, the speckle noise caused by the high coherence of laser source will reduce the
imaging quality. In order to overcome this problem, the combination of a quartz depolarizer and an
electronically controlled liquid crystal diffuser for digital holography was proposed. By adding a quartz
depolarizer to the object light path, the depolarization performance of the depolarizer was used to make the
linearly polarized light in the object light path into randomly polarized light, which reduced the degree of
coherence with the reference light and realized the suppression of speckle noise. By applying an electric field
to the liquid crystal diffuser, the movement of the liquid crystal molecules and the orientation change of the
optical axis could be caused. The liquid crystal driving voltage could be adjusted to change the different
scattering effects on the incident light, thereby effectively reducing the coherence of the light source. The
reconstructed images using the quartz depolarizer and the electronically controlled liquid crystal diffuser were
compared and analyzed respectively with the reconstructed images of the combined device. The effectiveness
of the proposed method was verified by experiments. The experimental results show that the peak signal to
noise ratio of the reconstructed images of two experimental objects under the combined device reaches 16.91

and 18.30, the structural similarity is 0.47 and 0.43, the equivalent number of looks is 42% and 30% higher

5 H #B: 2022-06-08; & [E] H #7:2022-07-11

E&WB: LT aARAFAE (19ZR1421700)

EZBN: T4 (1997—), B, LA 54, FE2NFHFLLH AL, E-mail: 1468675925@qq.com
BEEE:ILTE (1977—), B, 4, 31332, T ZRNFRAERRAMF 4 EH AP R . E-mail: kkyy7757@aliyun.com


https://doi.org/10.5768/JAO202344.0201006
mailto:1468675925@qq.com
mailto:kkyy7757@aliyun.com

. 276 - o]

k¥

a4 2 Y

than the original reconstructed image, and the speckle index is 1.52 and 1.29, respectively. The proposed

method can better remove the speckle noises and retain more details of the image.

Key words: digital holography; noise suppression; liquid crystal; depolarizer; polarization state
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crystal diffuser
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FLPEWR A B 16.01 0.41 0.82 1.66
HiREE S 16.91 0.47 0.94 1.52

R2 TREFETEDHEZGHERER
Table 2 Objective indicators of reconstructed images of

coin under different methods

Ik PSNR SSIM ENL SI
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HEHs 18.30 0.43 0.92 129
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Fig. 7 3D spectrogram obtained by normalized processing of figure 6
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Fig. 8 3D frequency spectrum cross-section diagram corresponding to figure 7
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