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Fig.1 Numerical experiment comparison of 3 algorithm in example 2
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Tab.1 The gray deference and gray scrambling degree of 3 algorithms in example 2
k 1 2 3 4 5 6 7 8 9 10

CM 1.7863 3.4622 5.6088 7.4883 7.7291 7.4698 7.4386 7.4216 7.4279 7.4254
GD M 6.5071 5.5605 5.5943 6.1538 5.0810 5.8948 5959 5.8191 83900 6.0319
LM 4.9029 3.854 5 4.3967 4.5481 3.9237 4.2976 4.5513 4.1119 4.1449 4.037 3
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Continue table

k 1 2 3 4 5 6 7 8 9 10
CM 0.5836 0.7611 0.8455 0.820 0.884 0.817 0.812 0.8810 0.811 0.8810
GDD M 0.8654 0.8442 0.8451 0.882 0.8308 0.824 0.5538 0.8506 0.897 0.8555
LM 0.8252 0.7828 0.8070 0.8128 0.7862 0.8030 0.8129 0.7950 0.7964 0.791 6
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Fig. 4 The scrambling comparison of 3 algorithm in example 3
2 3 3
Tab.2 The gray deference and gray scrambling degree of 3 algorithms in example 3
k 1 2 3 4 5 6 7 8 9 10

CM 0.7842 1.3612 2.2878 29199 3.1949 3.0733 3.0403 3.0539 3.0450 3.056 2
GD M 1.1553 2.1272 2.3942 23352 2.3366 2.2712 22594 2.3172 2.2399 2.2886
LM 2.3613 23016 1.9133 1.9773 2.1338 2.0263 1.9323 2.0510 1.9828 22021

CM 0.6740 0.7983 0.8749 0.9006 0.9088 0.9053 0.9043 0.9048 0.9045 0.904 8
GDD M 0.7665 0.8660 0.8801 0.8772 0.8773 0.8740 0.8734 0.8763 0.8723 0.8749
LM 0.8785 0.8756 0.8522 0.866 0.8664 0.898 0.835 0.8614 0.870 0.8703
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Digital Image Scrambling Algorithm Based on Circulant Matrix

YE Guo-dong', YUE Zhong-liang', ZHU Chang qing’

(1. Institute of Science, Guangdong Ocean University, Zhanjiang 524088, China;
2. Institute of Science, Shantou University, Shantou 515063, China;

3. Key Laboratory of Virtual Geographic Environment, Nanjing Normal Univeraity, Nanjing 210054, China)

Abstract: Presenting a new image scrambling algorithm based on circulant matrix. The algorithm throwt equably the po-
sition of image pixel into confusion from space position and has high degree of scrambling with little warp. The algorithm
shows many superiority such as carrying out simply, operating easily, high stability, and better effect through the com-
parison of numerical experiments among the circulant matrix method, Josephus traversing and chaos method. It is hard to
uncoil the encrypted image when the keys s and t are not open even if the algorithm is open. The algorithm is suitable to
any size of square matrix image, and also can be extended to color image, but it do not suit for the norsquare matrix im—
age.

Keywords: image scrambling; circulant matrix; Josephus traversing; chaos algorithm



