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Local Entropy of Images
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Abstract Aiming at the characteristics of the intensity inhomogeneous and diversiform parathyroid lesions in the
ultrasound images of the parathyroid gland, we propose a hybrid level set model for parathyroid gland segmentation
based on local entropy of images. The proposed model uses both global and local image information. To address the
problem of the inhomogeneous intensity distribution in ultrasound images, local entropy of images is used to
determine the weight of the global term to improve the model’s adaptivity. In addition, two scales are adopted to
prevent over-segmentation and calculation inefficiency on the large and small scales, respectively. Experimental
results show that the proposed model can adapt to different ultrasound images of parathyroid gland, which makes
the evolution curve converge to the target contour automatically. In addition, this model has high segmentation
accuracy and computational efficiency.
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Fig. 1 Intensity homogeneous image, parathyroid ultrasound image, and their local entropy images. (a) Intensity

homogeneous image; (b) local entropy of intensity homogeneous image; (c¢) parathyroid ultrasound image; (d) local

entropy of parathyroid ultrasound image
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Fig. 2 Evolution curves for iterations 20 with different global weights. (a) Original contour; (b) a=0.1; (¢) «a=0.5;

(d) a=0.9; (e) a;,; =exp[—h(i, ;)]
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Fig. 3 Parathyroid ultrasound images with different intensity. (a)(b) Parathyroid lesion with clear edge; (c¢) parathyroid

lesion with weak edge; (d)(e) parathyroid lesion with fuzzy edge; (f) parathyroid lesion connected to the other tissue
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Table 1 Parathyroid segmentation results with different models

Model in Ref. [6]

Model in Ref. [12]

Proposed model

Test
. Running Running Running
Image DSC Iteration DSC Iteration DSC Iteration
time /s time /s time /s
a 0.907 846 413.94 0.851 477 211.54 0.949 258 127.74
b 0.724 1000 727.54 0.970 1000 676.31 0.977 996 633.97
c 0.931 1000 726.11 0.942 1000 670.08 0.957 1000 706.18
d 0.809 670 452.68 0.911 704 434,31 0.923 263 201.14
e 0.725 1000 467.76 0.848 1000 426.52 0.856 600 287.46
f 0.809 1000 343.30 0.778 1000 339.06 0.932 380 175.68
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Fig. 4 Segmentation results of different types of parathyroid images by three models. (a) Parathyroid ROI with original

contour; (b) segmentation results of the model in Ref. [6]; (c) segmentation results of the model in Ref. [12];

(d) segmentation results of the proposed model

1217001-7



K5 A SOUBERIAE AN ) RUBE TR 89 0 1 45

Fig. 5 Segmentation results of the proposed model at different scales. (a) Small scale; (b) large scale; (c¢) two-scales
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Table 2 Segmentation results of the proposed model at

different scales

Parameter Small scale  Large scale  Two scales
Iteration 380 380 380
DSC 0.921 0.904 0.932
Running time /s 144.22 165.45 140.27
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