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Quantum-inspired partial differential equation-based medical
ultrasound image despeckling method

Fu Xiaowei, Wang Yi, Chen Li, Tian Jing
College of Computer Science and Technology, Wuhan University of Science and Technology, Hubei Province Key Laboratory of Intelligent

Information Processing and Real-time Industrial System, Wuhan 430065, China

Abstract: Objective Ultrasonography is one of the most important modalities of medical imaging system, and medical ultra-
sound images play a significant role in medical imaging techniques. However, medical ultrasound images are always con-
taminated by a noise called “speck noise” , which has a visual effect similar to speck, instead of the point-like Gaussian
white noise. Speck noise seriously degrades the quality of medical ultrasound images. Thus, in a contaminated medical ul-
trasound image, the observer has difficulty discriminatingthe fine details and structural features, hindering the application of
ultrasound images in clinical diagnosis and treatment. In this paper, the quantum-inspired diffusion coefficient is introduced
to discuss the challenge of despeckling while preserving the edge detail and structural features of ultrasound images.

Method The proposed method improves the diffusion coefficient in traditional P-M equations based on the denoising method
by some foundational knowledge in quantum theory. Anisotropic diffusion model is built on the basis of the traditional P-M
equations. The proposed quantum-inspired diffusion coefficient changes over the gradient direction to take advantage of the
better directional selectivity of wavelet coefficients. The optimization of this coefficient can be strengthened by the improved

anisotropic diffusion model. Thus, a novel quantum-inspired partial differential equation based on medical ultrasound image
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despeckling method is proposed. Result Experiments are conducted on both images with simulation speck noise and real
medical ultrasound images to show the performance of the proposed method in comparison with other classic despeckling
methods. Among all compared methods, the proposed method obtains the best objective evaluation, such as signal-to-noise
ratio, edge preserve measurement, structural similarity index measurement, and equivalent number of looks. Experimental
results of both images with simulation speck noise and real medical ultrasound images can demonstrate that the proposed
method efficiently reduces the speck noise and maintains the edge, detail, and structure of the images. Conclusion An
effective despeckling method inspired by quantum theory and based on partial differential equations is proposed for medical
ultrasound image despeckling; experiments are conducted to demonstrate the effectiveness of this method. The proposed
method effectively addresses the problem of reducing speck noise in a medical ultrasound image while maintaining the de-
tails, edge, and structure of the image. Good despeckling results are obtained. The introduction of quantum theory can not
only provide a solution to the present medical ultrasound image despeckling problems but also inspire researchers to make
use of the theory in various medical image processing methods. A new path of interdisciplinary exploration can be achieved

in the medical image processing research and even in other complicated problems in various disciplines by combining the

quantum-inspired theory or other advanced theories in multiple fields to gain better processing performance.

Key words: quantum-inspired; partial differential equation; medical ultrasound images; despeckling
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Fig. 1 Despeckling experiments on simulation speck
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Table 1 SNR of despeckled images with simulation speck
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Table 2 B of despeckled images with simulation speck

o> O™ fost  DICWT  PM-PDE A5k
0.6 0.32 0.45  0.40 0.45 0.55
0.7 0.27 0.40  0.36 0. 44 0.52
0.8 0.23 0.35  0.32 0.43 0.50
0.9 0.20 0.31 0.29 0.44 0.46
1 0.18 0.27  0.28 0.42 0.42

®3  EHIBERIRE EREBE SSIM $5iR
Table 3 SSIM of despeckled images with simulation speck

2

o 4E frost  DTCWT PM-PDE A0k

0.6 13.30 16.93 14. 64 15. 00 17.50
0.7 11.86 15.75 13.43 14.95 16. 82
0.8 10.66 14.73 12.51 14. 81 16. 18
0.9 9.64 13.83 11.91 14.70 15. 60
1 8.63 12.85 11.16 14.59 14. 87

o> gW:  frost  DTCWT PM-PDE ZASCHik
0.6 0.73 0.87  0.78 0.81 0.89
0.7 0.68 0.8  0.75 0.81 0.87
0.8 0.64 0.82 0.7 0.81 0.85
0.9 0.60 0.79  0.69 0.81 0.84
1 0.56 0.76  0.67 0.81 0.81
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Table 4 Proposed method and traditional P-M method

on images with simulation speck
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PM-PDE 43 ~ PM-PDE A3  PM-PDE A3

0.6 10.90 13.14 0.47 0.52 0.58 0.69
0.7 10.81 12.77 0.47 0.52 0.58 0.67
0.8 10.78 12.47 0. 47 0.52 0.57 0.66
0.9 10.67 12.09 0. 47 0.51 0.57 0.64

1 10.62 11.77 0. 47 0.51 0.57 0.63
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Fig. 2 Despeckling experiments on real medical ultrasound image

BEREMIFTX o 2 5 NIk EIR 5% Wy
tbﬁo
x5 HXEFBFEBEHLR

Table 5 Experiments of real medical ultrasound image
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