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Abstract

The human visual system undertakes most of the information-sensing task, with the retina de-
tecting incident light containing information, such as intensity, wavelength, and duration, con-
verting it into nerve impulses, which are transmitted to the brain through nerves and synapses.
The ability to simulate visual perception will be a key step toward robotic vision and artificial in-
telligence. Compared with electrically stimulated artificial synapses, photoelectric synapses have
great potential in the construction of neural networks due to their characteristics of high band-
width, low energy consumption, and high transmission speed. However, photoelectric synapses
still need to be converted when reading information, so there is a certain bottleneck in reducing
energy consumption and improving speed. Therefore, we simulated all-light visual perception
learning based on tungsten trioxide photochromic materials, and read optical signals with zero
contact, which verified the learning experience behavior of materials. Moreover, through artificial
neural networks, we proved that extending the training time of materials can improve the recog-
nition accuracy of handwritten digits, providing a new idea for realizing the construction of a fast-
er and more energy-saving visual perception nervous system.
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Figure 1. Schematic diagram of perceptual learning through UV LED sti-
mulation on a WOj thin film
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Figure 2. SEM images of the film surface (enlarged) and cross
sections
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Figure 3. XRD pattern of the film
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Figure 4. Absorption spectra of the films in the
pigmented and bleached states
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Figure 5. Transmission spectra of the films in the
pigmented and bleached states
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Figure 6. Synaptic characteristics of 600 nm light transmittance changes of a WO; film under 365 nm LED irradiation
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Figure 7. Gray-scale image of the
handwritten number “9”
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Figure 8. Schematic diagram of the
structure of the artificial neural network

8. AT#HEMEERREE

80
01

Percentage/%
=N W s U1 O
o O o o o o

= N

o 1 2 3 4 5 6 7 8 9
Category

(=}

Figure 9. Weight plot from artificial neural
network simulation
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Figure 10. Time-varying gray-scale images of the handwritten digit “9”
during learning and image recognition accuracy over learning time
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Figure 11. Time-varying grayscale images of handwritten digit “9” during
forgetting and image recognition accuracy as a function of forgetting time
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Figure 12. Time-varying grayscale images of the handwritten digit “9” and the variation of image rec-
ognition accuracy over time during relearning
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