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Abstract: When a gray-level image is affected by different factors, such as the size ratio of the target to
the background, noise, or random details, its gray-level histogram exhibits peakless, unimodal, bimodal,

or multimodal patterns. To deal with the issue of automatic threshold selection in these four situations
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within a unified framework, an automatic threshold selection method using the exponential Rényi entropy
under the multi-scale product in the stationary wavelet domain is proposed. First, stationary wavelet multi-
scale transformation is applied to the original gray-level image in the horizontal, vertical, and diagonal di-
rections, and a fused image is constructed via the multi-scale multiplication of high-frequency sub-bands in
each direction. Then, the fused image is sampled by the inner and outer contour image to construct a one-
dimensional gray-level histogram. Finally, the exponential Rényi entropy corresponding to the constructed
histogram is calculated, and the threshold corresponding to the maximum exponential Rényi entropy is tak-
en as the final threshold. The proposed method was compared with four automatic threshold segmentation
methods, two clustering segmentation methods, and two active contour segmentation methods. The ex-
perimental results for 16 synthetic images and 50 real-world images indicated that with regard to the seg-
mentation accuracy, the proposed method outperformed the second-best method by 41. 2% and 20. 8% in
terms of the average Matthews correlation coefficient for the synthetic and real-world images, respective-
ly. Although the proposed method has no advantage with regard to computational efficiency, it has more
robust segmentation adaptability and a higher segmentation accuracy than the other eight segmentation
methods.

Key words: image thresholding; exponential Renyi entropy; stationary wavelet domain; multi-scale prod-
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Fig. 5 Selected thresholds and the segmentation results of the EREM method on synthetic images with unbalanced target

and background sizes
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Tab.1 MCC values of nine segmentation methods on 16 synthetic images in Fig. 5-7
Testimages ATE™  PF™  Ew  Sppf  RSSFCA™  FsC®' ADRLS™  GLFIFFY  EREM
Fig.5(a)  0.3423 0.0429 0.7288 0.2422 0.038 3 0.027 4 0.000 0 0.000 0 1.000 0
Fig.5(b)  0.0073 1.0000 0.0043 1.0000 0.053 5 0.030 6 0.916 4 0.000 0 1.000 0
Fig.5(c)  0.3720 0.0848 0.5926 0.1201 0.0455 0.024 0 0.0198 0.0000  0.9806
Fig.5(d)  0.2761 0.0630 0.6448 0.1467 0.0415 0.017 4 0.000 0 0.000 0 1.000 0
Fig.5(e)  0.3398 0.0924 0.3395 0.0821 0.043 3 0.008 7 0.000 0 0.0000  0.9806
Fig. 5(f) 0.0493 0.0395 0.0395 0.0681 0.037 2 0.048 8 0.000 0 0.000 0 1.000 0
Fig.6(a)  0.9832 0.9919 0.9853 0.9540 0.992 0 0.946 7 0.9638 0.9364  0.9928
Fig. 6(b) 0.9836 0.9910 0.9836 0.9808 0.9920 0.947 4 0.9635 0.944 9 0.990 0
Fig.6(c) 0.9916 0.9927 0.9720 0.8634 0.9910 0.9358 0.962 6 0.946 1 0.9935
Fig.6(d)  0.9944 0.9936 0.9795 0.9676 0.994 5 0.934 3 0.9659 0.9429  0.9945
Fig.6(e)  0.3089 0.9908 0.9850 0.7740 0.9850 0.9657 0.963 6 0.8920  0.9739
Fig. 6(f)  0.9780 0.9225 0.9724 0.9369 0.856 0 0.944 5 0.000 0 0.9013  0.9780
Fig.7(a)  0.6504 0.6333 0.6435 0.3418 0.6385 0.8951 0.000 0 0.3968  0.9944
Fig.7(b)  0.7348 0.1363 0.9008 0.4739 0.104 0 0.962 6 0.940 6 0.000 0 1.000 0
Fig.7(c)  0.9907 0.9889 0.9700 0.8645 0.9811 0.904 6 0.908 5 0.8832 0.9801
Fig.7(d)  0.5066 0.4439 0.4885 0.4935 0.3987 0.8730 0.3525 0.0000  0.9944
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Fig.9 Selected thresholds of the 5 threshold segmentation methods on 4 real-world images
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Fig. 10 Segmentation results of 9 methods on 4 real-world images in Fig. 9(a)-(d)
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Fig. 11 MCC values of 9 segmentation methods on 50 real-world images
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Tab.2 Comparisons of 9 segmentation methods in com-

putational efficiency (s)

CPU time on synthet- CPU time on real-

Methods ic images world images
Mean Mean

EW™ 0.000 031 0. 000 042
SDD™ 0.001 340 0.002 117
ATE"™ 0.022 277 0.024 564
PE™ 0.020 265 0. 041 370
EREM 0.061 223 0.070 134
FSC'® 0.329 234 0.714 120
RSSFCA™ 1.811577 3.798 606
GLFIF™ 2.600 437 2.702 787

ADRLS™ 7.070 475 12. 368 462
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