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1 INTRODUCTION
If there are non-linear elements in the system or network, and the input and output are not superimposed and uniform, such system or network is called non-linear system or non-linear network. Non-linearity makes the whole not equal to the sum of parts, and the superposition principle fails. At some joint points of non-linear system, small changes in parameters often lead to qualitative changes in the form of motion, and behaviors that are essentially different from external excitation appear. It is the non-linear effect that forms the infinite diversity, richness, tortuosity, singularity, complexity, variability and evolution of the material world.
Non-linear systems and networks have broad application prospects in the engineering fields of the Internet of Things, medical care, intelligent systems [1–5], etc. With the development of science and technology, according to the current research Frontier, it is not difficult to find that the research fields of non-linear systems and networks are also expanding, including chaotic systems and circuits [6–9], non-linear device models [10–12], memristors [13–16], neural networks [17–21], neural circuits [22–24], synchronous control [25–27] and application research in related fields [28–31].
Therefore, in this Research Topic, 12 articles about non-linear systems and networks and their applications are reported. For non-linear systems, a reverse single side band (RSSB) system with orthogonal frequency division multiplexing (OFDM) signal transmission is designed Chen et al., and a credible and adjustable load resource trading system based on blockchain networks is studied Jiang et al.. For non-linear networks, they have studied the zeroing neural network and its trajectory tracking Zhao et al. and Lan et al., the Hindmash-Rose neural network model Fan et al., the dynamic robustness of the directed network Sun et al., the advanced metering infrastructure (AMI) network Wang et al. and the critical brain wave dynamics of neural networks Galinsky et al.. For non-linear devices, second-order storage elements Liu et al. are studied. For the synchronization control of non-linear systems and networks, the finite-time tracking adaptive iterative learning control method of aircraft track angle system Zhang et al. and finite-time hybrid function projection synchronization Zhang et al. are studied. In addition, considering the application of non-linear systems and networks, an image encryption algorithm based on three-dimensional (3D) chaotic Hopfield neural network is designed Yao et al.. Finally, the published articles are written by scientists working in major universities and research centers in China and the United States. However, in the second volume, more researchers from outside China should be attracted to participate.
2 SUMMARY OF PAPERS PRESENTED IN THIS RESEARCH TOPIC
Chen et al., in the paper “Pilot Optimization for OFDM in the RSSB System”, proposed a reverse single sideband (RSSB) system with orthogonal frequency division multiplexing (OFDM) signal transmission based on the improved pilot interval scheme and pilot power scheme. The improved pilot power scheme proposed in this paper can compensate for frequency selective fading by increasing pilot power in areas with relatively poor channel conditions. The simulation results show that the improved pilot interval scheme and the improved pilot power scheme can improve the system reception sensitivity by 2 dB respectively. The authors believe that these schemes can improve the system performance without increasing the complexity of the algorithm and the cost of RSSB system.
Jiang et al., in the paper “A Credible and Adjustable Load Resource Trading System Based on Blockchain Networks”, proposed a trusted and adjustable load resource transaction framework based on blockchain, which uses blockchain to realize trusted grid load resource transaction. This paper first proposes a two-layer blockchain architecture based on alliance chain. Then a distributed transaction processing mechanism based on hybrid consensus and fragmentation technology is designed. Finally, a two-level bidding model is proposed. Through a large number of experiments, the authors show that their proposed framework can achieve satisfactory results.
Zhao et al., in the paper “A Novel Zeroing Neural Network for Dynamic Sylvester Equation Solving and Robot Trajectory Tracking”, proposed a new activation function to ensure fast convergence in predefined times and robustness in the presence of external noise perturbations. This paper theoretically analyzes the effectiveness and robustness of the zeroing neural network system, and verifies it by simulation results. Finally, the proposed theory is applied to robot trajectory tracking to further verify the effectiveness of the proposed method.
Lan et al., in the paper “Towards Non-linearly Activated ZNN Model For Constrained Manipulator Trajectory Tracking”, proposed a non-linear activation function (NAF), and established a non-linear activation ZNN (NAZNN) model based on NAF. In this paper, the NAZNN model is applied to solve the exact solution of constrained TVLME (CTVLME), and the constrained robot manipulator trajectory tracking (CRMTT) problem is completed. In addition, the authors have also carried out theoretical analysis on the track tracking fault of wheeled robots with physical constraints, and applied the NAZNN model to the problem of manipulator track tracking fault. The experimental results of this paper prove that the NAZNN model can also effectively deal with the problem of manipulator track tracking fault.
Fan et al., in the paper “Hidden firing patterns and memristor initial condition-offset boosting behavior in a memristive Hindmarsh-Rose neuron model”, proposed a 3D memristive Hindmash-Rose (mHR) neuron model based on an ideal flux-controlled memristor with sinusoidal memductance function and non-linearly modulated input. The numerical results show that the mHR neuron model can generate rich hidden dynamics. Then, memristor initial condition-offset boosting behavior is revealed. This can trigger the generation of an infinite number of coexisting excitation patterns along the variable coordinates of the memristor. Finally, this paper designs an analog circuit to implement the mHR neuron model, and carries out circuit simulation based on PSIM.
Sun et al., in the paper “A New Effective Metric for Dynamical Robustness of Directed Networks”, studied the dynamic robustness of a directed complex network with additive noise. In the framework of mean square stochastic stability, a new robustness metric is proposed to characterize the synchronization of the network against additive noise. It is found that node dynamics plays a key role in the dynamic robustness of the directed network. They explained and verified it through numerical simulation.
Wang et al., in the paper “Intrusion detection framework based on homomorphic encryption in AMI network”, proposed an advanced metering infrastructure (AMI) network intrusion detection method based on joint learning client security. First, calculate the direction similarity of the model trained by the data processing center and the model trained by each client. Then, normalize the size of each client model update to the same size as the data processing center model update. Finally, the normalized update and adaptive weights are weighted average. The research results show that this method can effectively resist inference attack and poisoning attack.
Galinsky et al., in the paper “Critical brain wave dynamics of neuronal avalanches”, studied the potential collective process behind the phenomenological statistics of neuron avalanches, and analyzed that neuron avalanche is only the manifestation of different non-linear sides of the rich wave process in cortical tissue. In this paper, it is found that the wave mode system generates an anharmonic wave mode with time and space scale property through all possible combinations of the third-order non-linear terms described by the general wave Hamiltonian.
Liu et al., in the paper “AC Power Analysis for Second-order Memory Elements”, deduced the real power, reactive power and apparent power of the proposed second-order memory element, and revealed the difference between the ideal memory element and the traditional passive memory element. The authors quote the corresponding curves, which prove the difference between storage elements, and verify that the harmonic value in the element means that it will continue to provide energy when AC power is used.
Zhang et al., in the paper “Adaptive iterative learning control method for finite-time tracking of an aircraft track angle system based on a neural network”, proposed an adaptive iterative learning control method based on a neural network. This method can control the aircraft track inclination through the designed control input rudder deflection angle, so as to track the preset trajectory in a limited time interval. Through Lyapunov stability analysis, it can be seen that the designed controller and adaptive laws can stabilize the whole closed-loop system and realize the tracking of target trajectory in a limited time interval. Finally, the paper verifies the feasibility and effectiveness of the theory through a simulation example.
Zhang et al., in the paper “A new adaptive iterative learning control of finite-time hybrid function projective synchronization for unknown time-varying chaotic systems”, proposed a new adaptive iterative learning control scheme to solve the finite-time hybrid function projection synchronization problem of chaotic systems with unknown periodic time-varying parameters. Through Lyapunov stability analysis, two different chaotic systems achieve asymptotic synchronization in a finite time interval according to different proportion functions. Finally, the authors proved the feasibility and effectiveness of this method through simulation examples.
Yao et al., in the paper “An image encryption algorithm based on a 3D chaotic Hopfield neural network and random row-column permutation”, proposed a color image encryption algorithm based on 3D chaotic Hopfield neural network and random row and column arrangement. Firstly, this paper proposes a 3D chaotic Hopfield neural network to generate random sequences for generating diffusion keys and permutation keys. Then, the rows and columns of the original image are randomly arranged according to the arrangement key. Finally, the separately encrypted sub-images are spliced together to obtain the final encrypted image. The simulation results and security analysis show that the encryption scheme has good performance.
3 CONCLUDING REMARKS
It can be seen that in this Research Topic, we focus on multidisciplinary scientific research by considering non-linear systems and networks. They can be applied to different research fields, including non-linear physics, mathematics, medicine, economics, computer science and engineering. Through this Research Topic, we hope to encourage more scholars and researchers to promote innovative research in non-linear systems and networks and their applications.
AUTHOR CONTRIBUTIONS
All authors listed have made a substantial, direct, and intellectual contribution to the work and approved it for publication.
FUNDING
This work was supported by the Natural Science Foundation of Hunan Province under Grants 2022JJ30624, 2022JJ10052 and 2021JJ30741; the Scientific Research Fund of Hunan Provincial Education Department under grant 21B0345; the National Natural Science Foundation of China under Grant 62172058; and the Postgraduate Training Innovation Base Construction Project of Hunan Province under Grant 2020-172-48.
PUBLISHER’S NOTE
All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.
REFERENCES
 1. Xu Q, Chen X, Chen B, Wu H, Li Z, Bao H. Dynamical analysis of an improved FitzHugh-Nagumo neuron model with multiplier-free implementation. Nonlinear Dyn (2023). doi:10.1007/s11071-023-08274-4
 2. Yu F, Liu L, Xiao L, Li K, Cai S. A robust and fixed-time zeroing neural dynamics for computing time-variant nonlinear equation using a novel nonlinear activation function. Neurocomputing (2019) 350:108–116. doi:10.1016/j.neucom.2019.03.053
 3. Yu F, Shen H, Yu Q, Kong X, Sharma PK, Cai S. Privacy protection of medical data based on multi-scroll memristive hopfield neural network. IEEE Trans Netw Sci Eng (2023) 10(2):845–58. doi:10.1109/tnse.2022.3223930
 4. Ding S, Wang N, Bao H, Chen B, Wu H, Xu Q. Memristor synapse-coupled piecewise-linear simplified Hopfield neural network: Dynamics analysis and circuit implementation. Chaos, Solitons and Fractals (2023) 166:112899. doi:10.1016/j.chaos.2022.112899
 5. Lin H, Wang C, Cui L, Sun Y, Zhang X, Yao W. Hyperchaotic memristive ring neural network and application in medical image encryption. Nonlinear Dyn (2022) 110:841–55. doi:10.1007/s11071-022-07630-0
 6. Yu F, Xu S, Xiao X, Yao W, Huang Y Cai S, et al. Dynamics analysis, FPGA realization and image encryption application of a 5D memristive exponential hyperchaotic system. Integration (2023) 90:58–70. doi:10.1016/j.vlsi.2023.01.006
 7. Lin H, Wang C, Xu C, Zhang X, Iu HHC. A memristive synapse control method to generate diversified multi-structure chaotic attractors. IEEE Trans Computer-Aided Des Integrated Circuits Syst (2022) 42:942–55. doi:10.1109/TCAD.2022.3186516
 8. Yu F, Shen H, Zhang Z, Huang Y, Cai S Du S, et al. A new multi-scroll Chua’s circuit with composite hyperbolic tangent-cubic nonlinearity: Complex dynamics, Hardware implementation and Image encryption application. Integration (2021) 81:71–83. doi:10.1016/j.vlsi.2021.05.011
 9. Yu F, Zhang W, Xiao X, Yao W, Cai S Zhang J, et al. Dynamic analysis and FPGA implementation of a new, simple 5D memristive hyperchaotic sprott-C system. Mathematics (2023) 11(3):701. Article ID 701, 2023. doi:10.3390/math11030701
 10. Hirshy H, Singh M, Casbon MA, Perks RM, Uren MJ Martin T, et al. Evaluation of pulsed I–V analysis as validation tool of nonlinear RF models of GaN-based HFETs. IEEE Trans Electron Devices (2018) 65(12):5307–13. doi:10.1109/ted.2018.2872513
 11. Bernardini A, Vergani AE, Sarti A. Wave digital modeling of nonlinear 3-terminal devices for virtual analog applications. Circuits, Systems, Signal Process. (2020) 39(7):3289–319. doi:10.1007/s00034-019-01331-7
 12. Cui H, Yao Z, Wang YE. Coupling electromagnetic waves to spin waves: A physics-based nonlinear circuit model for frequency-selective limiters. IEEE Trans Microwave Theor Tech (2019) 67(8):3221–9. doi:10.1109/tmtt.2019.2918517
 13. Gao L, Ren Q, Sun J, Han ST, Zhou Y. Memristor modeling: Challenges in theories, simulations, and device variability. J Mater Chem C (2021) 9(47):16859–84. doi:10.1039/d1tc04201g
 14. Ma M, Xiong K, Li Z, Sun Y. Dynamic behavior analysis and synchronization of memristor-coupled heterogeneous discrete neural networks. Mathematics (2023) 11:375. Article ID 375, 2023. doi:10.3390/math11020375
 15. Khalid M. Review on various memristor models, characteristics, potential applications, and future works. Trans Electr Electron Mater (2019) 20:289–98. doi:10.1007/s42341-019-00116-8
 16. Ma M, Lu Y, Li Z, Sun Y, Wang C. Multistability and phase synchronization of rulkov neurons coupled with a locally active discrete memristor. Fractal Fract (2023) 7:82. Article ID 82, 2023. doi:10.3390/fractalfract7010082
 17. Yu F, Kong X, Mokbel AAM, Yao W, Cai S. Complex dynamics, hardware implementation and image encryption application of multiscroll memeristive hopfield neural network with a Novel local active memeristor. IEEE Trans Circuits Systems--II: Express Briefs (2023) 70(1):326–30. doi:10.1109/tcsii.2022.3218468
 18. Lin H, Wang C, Sun Y, Wang T. Generating n-scroll chaotic attractors from a memristor-based magnetized hopfield neural network. IEEE Trans Circuits Systems--II: Express Briefs (2023) 70(1):311–5. doi:10.1109/tcsii.2022.3212394
 19. Shen H, Yu F, Kong X. Dynamics study on the effect of memristive autapse distribution on Hopfield neural network. Chaos (2022) 32(8):083133. Article ID 083133, 2022. doi:10.1063/5.0099466
 20. Wan Q, Li F, Chen S, Yang Q. Symmetric multi-scroll attractors in magnetized Hopfield neural network under pulse controlled memristor and pulse current stimulation. Chaos, Solitons & Fractals (2023) 169:113259. Article ID 113259. doi:10.1016/j.chaos.2023.113259
 21. Shen H, Yu F, Wang C, Sun J, Cai S. Firing mechanism based on single memristive neuron and double memristive coupled neurons. Nonlinear Dyn (2022) 110:3807–22. doi:10.1007/s11071-022-07812-w
 22. Deng Z, Wang C, Lin H, Sun Y. A memristive spiking neural network circuit with selective supervised Attention algorithm. IEEE Trans Computer-Aided Des Integrated Circuits Syst (2022) 1. doi:10.1109/TCAD.2022.3228896
 23. Hong Q, Chen H, Sun J, Wang C. Memristive circuit implementation of a self-repairing network based on biological astrocytes in robot application. IEEE Trans Neural networks Learn Syst (2020) 33(5):2106–20. doi:10.1109/tnnls.2020.3041624
 24. Yan R, Hong Q, Wang C, Sun J, Li Y. Multilayer memristive neural network circuit based on online learning for license plate detection. IEEE Trans Computer-Aided Des Integrated Circuits Syst (2021) 41(9):3000–11. doi:10.1109/tcad.2021.3121347
 25. Zhou C, Wang C, Yao W, Lin H. Observer-based synchronization of memristive neural networks under DoSattacks and actuator saturation and its application to image encryption. Appl Maths Comput (2022) 425:127080. Article ID 127080. doi:10.1016/j.amc.2022.127080
 26. Tan F, Zhou L. Analysis of random synchronization under bilayer derivative and nonlinear delay networks of neuron nodes via fixed time policies. ISA Trans (2022) 129:114–27. doi:10.1016/j.isatra.2022.01.023
 27. Yao W, Wang CH, Sun YC, Zhou C, Lin HR. Exponential multistability of memristive Cohen-Grossberg neural networks with stochastic parameter perturbations. Appl Maths Comput (2020) 386:125483. Article ID 125483. doi:10.1016/j.amc.2020.125483
 28. Yu F, Kong X, Chen H, Yu Q, Cai S Huang Y, et al. A 6D fractional-order memristive hopfield neural network and its application in image encryption. Front Phys (2022) 10. Article ID 847385, 2022. doi:10.3389/fphy.2022.847385
 29. Yu F, Yu Q, Chen H, Kong X, Mokbel AAM Cai S, et al. Dynamic analysis and audio encryption application in IoT of a multi-scroll fractional-order memristive Hopfield neural network. Fractal and Fractional (2022) 6 (7):370. doi:10.3390/fractalfract6070370
 30. Zhu Y, Wang C, Sun J, Yu F. A chaotic image encryption method based on the artificial fish swarms algorithm and the DNA coding. Mathematics (2023) 11:767. Article ID 767. doi:10.3390/math11030767
 31. Yu F, Zhang Z, Shen H, Huang Y, Cai S Jin J, et al. Design and FPGA implementation of a pseudo-random number generator based on a Hopfield neural network under electromagnetic radiation. Front Phys (2021) 9. Article ID 690651, 2021. doi:10.3389/fphy.2021.690651
Conflict of interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.
Copyright © 2023 Yu, Lin and Pham. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.




OPS/images/crossmark.jpg
©

|





OPS/xhtml/nav.xhtml
Contents

		Cover

		Editorial: Advances in non-linear systems and networks		1 Introduction

		2 Summary of papers presented in this Research Topic

		3 Concluding remarks

		Author contributions

		Funding

		Publisher’s note

		References









OPS/images/cover.jpg
& frontiers | Frontiers in Physics






OPS/images/logo.jpg
P frontiers | Frontiers in Physics





