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A medical ultrasound image denoising algorithm combining
Shearlet Transform with anisotropic diffusion

XU Shunan

(School of Computer Science, Xi’an Shiyou University, Xi'an 710065, China)

Abstract; To address the issues of artifacts and visual distortions caused by traditional shearlet algorithms when removing speckle
noise in medical imaging, this paper proposes a new algorithm that integrates Non—Subsampled Shearlet Transform (NSST) with
Anisotropic Diffusion Denoising based on Pixel Outlier Factor ¢ ( QSRAD). Firstly, the non - subsampled pyramid filter and
direction localization are incorporated into the shearlet multi-scale decomposition, ensuring that every part of the image is retained
and information loss is avoided. Secondly, by introducing the outlier factor () to optimize the SRAD algorithm, it can more
accurately distinguish between image edges and noise information, effectively preserving image details. Finally, a new thresholding
strategy is designed for the high—frequency components by combining QSRAD and soft thresholding to remove residual noise and
improve image quality; for the low—frequency components, the adaptive diffusion coefficient of QSRAD is utilized to suppress noise
while preserving image texture and structural information. Compared with objective metrics of ordinary images, biomimetic images,
and real ultrasound images, experimental results demonstrate that the proposed algorithm outperforms other comparative algorithms
in both speckle noise suppression and detail preservation, exhibiting excellent denoising capabilities and practicality.
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Table 2 Analysis of Equivalent Number of Looks ( ENL) based on Region of Interest ( Rol) in real ultrasound images

1z Lee Shearlet['*! SRAD Shearlet+PM!") Wavlet+SRAD!®  Adaptive-Wavelet'?' A L5
ovary 4.111 4.318 4.330 4.288 4.288 4. 444 6.462
embryo 3,020 3.163 3.194 3.241 3.241 3.303 4.764
kidneyliver 2.394 2.613 2.786 2.592 2.592 2. 605 3.913
thymus 9.785 10. 076 10.319 10. 396 10. 396 10. 461 15. 341
thyroid 4.000 4.124 4.197 4.352 4.352 4.626 6.231
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Fig. 5 Denoising of true ovary images

(b) Lee (c) Shearlet"

(f) Wavlet+SRAD™” (2) Ad-Wavelet”"
B 6 EXLEREGERER

Fig. 6 Denoising of true embryo images
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(f) Wavlet+SRAD"” (g) Ad-Wavelet™"
E7 EXFSEGERER

Fig. 7 Denoising of true kidney liver images
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Fig. 8 Denoising of true thymus images
(a) IR (b) Lee (c) Shearlet"” (d) SRAD
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Fig. 9 Denoising of true thyroid images
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Table 3 Speckle Suppression and Mean Preservation Index ( SMPI) comparison analysis in real ultrasound images
14 Lee Shearlet*] SRAD Shearlet+PMM?) Wavlet+Srad!®)  adaptive-Wavelet!?!) A& SCHIL
ovary 0.455 4 0.434 3 0.434 0 0.430 8 0.430 8 0.428 5 0.3342
embryo 0.522 1 0.5182 0.518 3 0.510 4 0.510 4 0.500 8 0.416 5
kidneyliver 0.276 7 0.277 0 0.276 6 0.276 5 0.276 5 0.272 4 0.177 8
thymus 0. 866 2 0.866 0 0.864 3 0.863 9 0.863 9 0.863 2 0.766 3
thyroid 0.403 5 0.394 8 0.393 8 0.390 5 0.390 5 0.3729 0.293 2
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