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Abstract: Dynamic characteristics of grid multi-scroll attractors provide important support for
information security applications such as chaotic secure communication and image encryption. A
novel coupled cellular neural network was constructed by coupling a cellular neural network with
a cosine activation function and a cellular neural network with a memristor activation function and
introducing a memristor to simulate the electromagnetic radiation effect. The coupled network
could generate complex grid multi-scroll attractors. Theoretical analysis and numerical simulation
indicate that the number and spatial distribution of grid multi-scroll attractors are determined by
the number and spatial distribution of stable node-focus (SNF) equilibrium points, and the
generation of SNF equilibrium points can be controlled by adjusting memristor parameters to
achieve precise regulation of the number of grid multi-scroll attractors. In addition, circuit
experiment verification of the system was completed based on the field-programmable gate array
(FPGA) hardware platform, achieving the generation and regulation of grid multi-scroll
attractors at the hardware level. The experimental results are consistent with the numerical
simulation results. Finally, an image encryption scheme is designed based on the proposed
system, and its good security performance is verified through tests of security indicators such as
key sensitivity, information entropy, and pixel correlation.
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Table 2 Original key and six fine-tuned keys
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Fig. 10 Key sensitivity test results
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Fig. 11 Plaintext and ciphertext images and their corresponding histograms
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Table 3 Comparison of correlation coefficients
among different algorithms

Z7% 3k HEAH N
K- I Xk
A3 0.0098  —0.007 4 0. 000 2
[28] -0.0031  -0.0196  -0.0110
[29] 0.0036  —0.0100 0.0105
[30] 0.006 5 0.003 1 0.007 8

F4 BAXEEXEGH8NMIERNPCRs 1 UACIs
Table 4 NPCRs and UACIs at eight locations in
plaintext and ciphertext images

L& (17.50) NPCR/% UACI/%
(85, 170) 99. 603 3 34.360 5
(138, 256) 99.610 9 33.448 3
(246, 248) 99.517 8 33.480 2
(108, 235) 99. 545 3 33.5799
(218, 240) 99.574 3 33.4543
(210, 223) 99.533 1 33.682 1
(28, 247) 99.580 4 33.3952
(90, 241) 99.574 3 33.4211
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