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Two-dimensional multi-scale permutation entropy algorithm
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Abstract: In order to solve the problem that equal values in the subsequence lead to an increase in the probability of cer-
tain ordinal patterns when extending the permutation entropy algorithm to two-dimensional domain, a two-dimensional
multi-scale permutation entropy based on uniform quantization (MUPE,;)) algorithm based on uniform quantization was
proposed. By redefining the ordinal patterns based on uniform quantization, the effect of equal values on the calculation
was eliminated. The MUPE,, algorithm was used to investigate various synthetic textures, MIX,, (p) images and en-
crypted images. The results reveal that MUPE, is able to effectively quantify the complexity and information conceal-
ment capabilities of encrypted images even if there are a large number of equal values. Consequently, the MUPE,, algo-
rithm provides an effective means for evaluating images.
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1.0 3.22 0.16 3.17 0.18 3.91 183
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100 3.03 0.01 2.97 0.02 338 0.30
200 3.04 0.04 2.98 0.06 3.41 4.89
300 3.02 0.10 2.96 0.11 3.36 24.93
400 3.02 0.17 2.95 0.18 3.37 78.94
500 3.03 0.29 2.96 0.35 338 179.47
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Level MUPE,, MUPE,,, 1+ 5L /s MPE,, MPE,, TH5E /s MSE,, MSE,, 115} /s
0 42175 0.103 3.0201 0.128 0.609 170
1 42475 0.102 3.106 3 0.129 1.323 188
2 4.259 8 0.099 3.110 6 0.129 1.521 182
3 42729 0.101 3.123 1 0.129 1.777 182
4 42919 0.103 3.1355 0.129 2.248 181
5 42991 0.101 3.1409 0.129 2.504 180
6 43362 0.099 3.169 7 0.131 5.66717 179
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