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Editorial on the Research Topic
 Neuro-inspired sensing and computing: Novel materials, devices, and systems




With the increasing amount of environmental and scientific data, energy-efficient and high-performance sensing, processing, and memory technologies for the tremendous data are essentially required (Mennel et al., 2020; Lanza et al., 2022). Learning from biological system is always the right way (Gu et al., 2020). Neuromorphic sensing and computing technologies have attracted enormous attention from academia and industry, due to their potential applications in intelligent sensing, parallel processing, and cognitive computing with low power consumption (Zhu et al., 2018; Sun et al., 2019; Wang et al., 2020; Liao et al., 2022). As the basis of human perception and cognition, the biological sensory neural networks with distributed and hierarchical topological structure, as well as parallel computing architecture have inspired researchers to design various artificial sensory-processing systems and algorithms toward perceptual and cognitive intelligence (Fazeli et al., 2019; Tan et al., 2021; Yu et al., 2022).

So far, breakthroughs in neuromorphic hardware (materials, devices, and systems, etc.) and software (machine learning algorithms, etc.), have facilitated the development of artificial sensory neural systems, making continuous progress toward cognitive sensing and computing. We believe that continued efforts in conceiving and exploring novel neuromorphic materials, devices, architectures, and algorithms are essential to achieving the ambitious goal of perceptual and cognitive intelligence.

This Research Topic “Neuro-inspired sensing and computing: Novel materials, devices, and systems” launched recently aims to highlight the most recent advances and achievements in neuro-inspired intelligent sensing and computing from researchers with multidisciplinary and interdisciplinary backgrounds. Below is the abstract information.

Neuroscience of pain: Neck pain is a worldwide health problem. Clarifying the etiology and providing effective interventions are challenging for the multifactorial nature of neck pain. As an essential component of cervical spine function, the sensorimotor control system has been extensively studied in both healthy and pathological conditions. Qu et al. from Nanchang University in China, Aalborg University in Denmark, and Northumbria University in UK provide a short review on neck pain from perspectives of proprioception, sensorimotor control system, neural plasticity, and potential interventions. This mini review may provide inspirations and new ideas to design artificial tactile and pain perception systems.

Reservoir network for image recognition: Liquid state machine (LSM) is a type of recurrent spiking network with a strong relationship to neurophysiology and has achieved great success in time series processing (Maass, 2011). However, the computational cost of simulations and complex dynamics with time dependency limit the size and functionality of LSMs. Dai et al. from Tohoku University in Japan present a large-scale bioinspired LSM with modular topology. They integrated the findings on the visual cortex that specifically designed input synapses can fit the activation of the real cortex and perform the Hough transform (Ballard, 1981), a feature extraction algorithm used in digital image processing, without additional cost. From their results, the proposed structure can not only significantly reduce the computational complexity but also achieve higher performance compared to the structure of previous reported networks of a similar size, as well as better robustness against system damage than the small-world and random structures. The proposed computationally efficient method may greatly contribute to future applications of reservoir computing.

Efficient competitive rate-based algorithm: Based on Competitive Spiking Neural Network (CSNN), Cachi et al. from Virginia Commonwealth University in US, Universidad de Córdoba in Spain, and Polish Academy of Science propose a rate-based algorithm equivalent to CSNN but that is much simple and well-suited to be run on regular computers. Based on the test results with MNIST and Fashion-MNIST, CRBA has reduced computational cost by up to three-orders of magnitude without reducing accuracy compared with CSNN. CRBA can be used for efficient deployment of CSNN on neuromorphic computers.

Arithmetic memristor: Implementation of arithmetic logic operations taking advantage of the non-linear characteristics of memristor can significantly improve the energy efficiency and simplify the complexity of peripheral circuits. Xin et al. from Northeast Normal University in China demonstrate an arithmetic logic unit function using a lateral volatile memristor based on layered 2D tungsten disulfide (WS2) materials and some combinational logic circuits. Mechanism and performance of the 2D memristive devices are comprehensively studied and characterized, showing a potential way to develop 2D memristive devices for future arithmetic logic applications.

These typical research works on the neuroscience understanding of pain, neural network model, algorithm, and memristive hardware are important for developing novel intelligent sensing and cognitive computing technologies. Learning from neuroscience, we believe more and more novel neuromorphic sensing and computing materials, devices, algorithms, and systems will be explored. We hope this Research Topic focusing on “Neuro-inspired sensing and computing: Novel materials, devices, and systems” will further initiate fruitful discussions and deep thinking in the community. We look forward to continuous progresses and breakthroughs in this emerging field of cognitive sensing and computing. In the end, we thank all the contributing authors for their novel research works and publications. We also thank the editorial team of “Frontiers in Computational Neuroscience” for their efforts in organizing this Research Topic.
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