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Fig. 1. Schematic diagram of laser coherent field imaging.
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Fig. 2. Flow chart of denoising information for laser coherent field imaging signal.
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Fig. 3. Schematic diagram of phase closure technique.
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Table 1. Comparison indicators table of different

de-noising methods.
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Fig. 4. Denoising effect diagram of different algorithms:

(a) Original template image; (b) direct reconstruction of
undenoised images by image algorithms; (c¢) image obtained
by sparse denoising algorithm after additive noise removal;
(d) image obtained by removing multiplicative speckle noise
by homomorphic filtering; (e) image obtained by
homomorphic filtering and sparse combined denoising.
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Fig. 5. Comparison  of outdoor imaging de-noising
experiment: (a) Ooutdoor imaging target; (b) direct
reconstruction imaging; (c) reconstruction imaging after de-

noising.
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Abstract

Noise is an important factor affecting the image quality of laser coherent field high resolution imaging
system. And there exists not only background light additive noise but also laser multiplicative speckle noise in a
laser coherent field imaging system. Both of the above noise affect the imaging quality of laser coherent field
system. In order to improve the imaging quality from the perspective of noise suppression and settle the
imaging quality degradation problem of laser multiplicative speckle noise and background additive noise in the
laser coherent field imaging system, the model for the influence of multiplicative speckle noise and background
additive noise on laser echo field demodulated signal is established in atmospheric downlink. Then, based on the
model, a novel homomorphic filter and sparse matrix trace cascade compound de-noising algorithm is put
forward. Firstly, based on the homomorphic filtering theory, the laser multiplicative speckle noise in the laser
echo demodulated signal is converted into the additive noise by logarithmic transformation. Then the low-
frequency laser multiplicative speckle noise is filtered by the high-pass filter, and the high-frequency
demodulated signal is retained. The logarithmic inverse transform is used to obtain the laser echo demodulation
signal after the multiplicative speckle noise has been filtered out. Next, the phase random disturbance of
atmosphere in laser echo demodulated signal is suppressed by phase closure technology and the imaging
spectrum component is reconstructed by the spectrum iterative reconstruction method. Then the high resolution
image is obtained by spectrum component inverse Fourier transform. Finally, the effect of background additive
noise on the image quality is suppressed by the sparse base tracking theory. The simulated and outdoor
experiment result are used to verify the denoising effect and image quality enhancement effect of the composite
de-noising method. Compared with the existing single denoising method, the composite denoising method is
shown to be able to effectively eliminate laser multiplicative speckle noise and background additive noise at one
time. The proposed method can improve image contrast and promote the Strehl ratio of imaging quality in a
coherent imaging system. It provides a theoretical basis for improving imaging quality and denosing laser

multiplicative speckle noise and background additive noise in coherent field imaging system.

Keywords: laser speckle noise, background light noise, homomorphic filter, sparse denoising
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