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Fig. 1. (a) Traditional architecture of sensing and processing; (b) schematic of human sensory system; (c) in-sensor computing archi-

tecture; (d) low-level sensory processing functions; (e) in-sensor computing units with reconfigurable responsivity for neural net-

work computing; (f) application fields of in-sensor computing technology.
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Fig. 2. (a) Schematic of a two-terminal memristor; (b) typical I-V curve of digital memristor; (c) typical I-V curve of analog mem-

ristor; (d) three main mechanisms of memristors; (e) application of analog and digital memristor.
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Fig. 3. (a) Schematic of the human visual system; (b) schematic diagrams of the synapse, neuron, and two-terminal memristor;
(c) schematic diagram of STP and LTP behavior; (d) comparison of current response of artificial synapses under red light and ultra-
violet light*?; (e) diagram of synaptic plasticity regulated by visible/ultraviolet light; (f) current response of artificial synapses stim-
ulated by visible light pulses; (g) current response of artificial synapses stimulated by ultraviolet light pulses; (h) simulation of syn-
aptic STDP function regulated by visible light; (i) schematic diagram of low-level and high-level processing functions of visual in-

sensor computing system based on memristor arraylsﬁ].
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Fig. 4. (a) Schematic illustration of the biological haptic perception system; (b) artificial haptic perception system consisting of pres-
sure sensor and Nafion-based memristor; (c) current response of tactile system at different pressing magnitudes; (d) schematic of
processing by K-nearest neighbors algorithm®!l; (e) tactile sensory nerve consisting of haptic sensor and HfO,-based memristor;
(f) current response of artificial tactile neuron under “SOS” and “TEAM” Morse code signals stimulus®Y; (g) artificial afferent nerve
system integrating MXene sensor, ADC-LED circuit and optoelectronic memristor; (h) simulation of photo-tunable synaptic PPF
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Fig. 5. (a) Schematic of biological olfactory system; (b) schematic of artificial olfactory inference system; (c) current response of

memristor with W/WO3;/PEDOT:PSS/Pt structure under pulse stimulus; (d) experimental and ideal conductance modulation

curves of the memristive synapsel™; (e) schematic of the gas sensing mechanism; (f) current response of SnO, based gas-sensing

memristor depending on NO gas concentration; (g) schematic diagram of the gas-sensing array consisting of Ta,O5, HfO,, and SnO,-

based memristors!™.
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Fig. 6. (a) Schematic structure of the flexible MXene-ZnO-based memristive device; (b) I-V curves of device under UV irradiance

with different intensities; (c) current profile of MXene-ZnO memristor regulated by light and humidity; (d) simulation of synaptic

LTP and LTD behaviors by UV light and electrical pulses; (e) schematic of neural network based on MXene-ZnO-based memristive

synapses!*!); (f) operational diagram of the multimode spiking perception and processing system/®!.
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Table 1.  Performance comparison of memristors applied to in-sensor computing systems.
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SPECIAL TOPIC—Physical electronics for brain-inspired computing
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Abstract

To develop future interactive artificial intelligence system, the construction of high-performance human
perception system and processing system is vital. In a traditional perceptual and processing system, sensors,
memory and processing units are physically separated because of their different functions and manufacture
conditions, which results in frequent shuttling and format transformation of data resulting in long time delay
and high energy consumption. Inspired by biological sensory nervous system, one has proposed the concept of
in-sensor computing system in which the basic unit integrates sensor, storage and computing functions in the
same place. In-sensor computing technology can provide a reliable technical scheme for the area of sensory
processing. Artificial memristive synapse capable of sensing light, pressure, chemical substances, etc. is one type
of ideal device for the application of in-sensor computing system. In this paper, at the device level, recent
progress of sensory memristive synapses applied to in-sensor computing systems are reviewed, including visual,
olfactory, auditory, tactile and multimode sensation. This review points out the challenge and prospect from the
aspects of device, fabrication, integrated circuit system architecture and algorithms, aiming to provide possible

research direction for future development of in-sensor computing system.

Keywords: in-sensor computing, memristors, artificial synapses, sensors
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