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Abstract: Objective This study aims to solve problems such as low contrast, unclear edges, and unremarkable details in
medical images, improve the visual effect of medical images, and preserve good edge information. Methods A medical
image enhancement algorithm based on improved multi-scale Retinex and Non-subsampled Shearlet Transform (NSST) is
proposed. First, the method improved the multi—scale Retinex by employing gradient—guided filtering, which incorporated
local image gradient information to steer the filtering process. According to the principle of multi-scale Retinex, a reflected
light component was calculated and an enhanced image was generated. Meanwhile, the Non-subsampled Shearlet Transform
(NSST) was introduced to decompose the image into high-frequency and low-frequency components. The low-frequency
components were processed by gradient-guided filtering to extract the structural and characteristic information of the image
and improve the background contrast. The image was restored through the inverse transform of NSST. The two images were
fused using the Laplacian-Gaussian pyramid to enhance the common features and avoid over-exposure. Finally, the Contrast
Limited Adaptive Histogram Equalization (CLAHE) was used to improve the local contrast and obtain the final enhanced
image. Results The results of simulation experiments and ablation experiments showed that this algorithm could effectively

improve the contrast of medical images and completely preserve the details and edge information. Conclusion Through the
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objective analysis of four image evaluation indicators, namely the peak signal-to-noise ratio (PSNR), entropy, perceptual

image quality evaluator (PIQE), and mean (M), it is found that this algorithm is optimal, can effectively improve the

quality of medical images, and provide technical support for diagnosis.
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Table 1 Evaluation indicators of different algorithms

for blood vessels

R TN AR
o=
Ry REmropy RPIQE Ry

Original — 5.25 54.40 18.21
HE 54.79 4.84 54.63 127.75
AHE 69. 23 6.17 49. 36 37.17
MSR 76. 61 5.69 48. 54 33.49
NSST 87.54 5.41 46. 19 18.17
Lap-2DHE 54.76 5.93 56.93 127.27
AL 64.23 6.78 40. 59 61.50
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Table 2 Evaluation indicators of different

algorithms for the liver

o 496 A7
Ho=x
Rypsai REmmpy RPIQE Ry
Original — 3.36 67.55 9. 84
HE 55.16 3.03 59.29 128. 45
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Table 3 Evaluation indicators of different algorithms

for abdominal cavity

i I AT
Rosni Ripivopy Ryigr Ry

Original — 5.41 57.30 26. 69
HE 57.08 4. 49 51.80 133. 16
AHE 65.15 6.19 50.32 52. 84
MSR 70. 08 6.42 55.95 48. 85
NSST 74.54 5.16 58.57 26. 60
Lap-2DHE 55.35 5.95 44. 82 127. 61
A 60. 95 7.37 50.23 71.79

N

(a) [RE

(b) GFMSR

(¢) GRNSST

x4 B ARELETEMIER
Table 4 Evaluation indicators of different

algorithms for lungs
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Fig.7 Results of ablation experiments
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Table 5 Evaluation indicators of cervical spine

ablation experiments

. A A
Fox
Ry RFAHrupy RPIQF. Ry
Original — 5.27 64. 60 29. 12
GFMSR 67.31 5. 86 56. 10 55. 06
GRNSST 80. 08 5.83 62.47 29.50
G+N+Lap 73.08 6. 17 66. 61 44.03
ours 63.09 7.29 50. 55 73.38
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Table 6 Evaluation indicators of pelvic ablation

experiments
- O AR
Rpsai REntropy RPIQE Ry

Original — 4.39 73.79 28.91
GFMSR 66. 40 6. 10 64.33 60. 34
GRNSST 82.25 5.02 74. 48 27. 67
G+N+Lap 73.24 6.13 66. 40 45.24
ours 63.95 7.20 52.27 71.36
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