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Photoreceptor protein-based simple cell receptive field for image processing
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A visual information processing device with ink-jet printed photoreceptor
protein bacteriorhodopsin (bR) was fabricated and applied to feature extraction. The printing
conditions (bR concentration, discharge frequency and droplet spacing) on transparent electrodes
were optimised to fabricate a 7-valued 5-lobe cos-on-centre Gabor filter and a 4-lobe sin-on-centre
Gabor filter that mimics the spatial structure of the response range "receptive field" of simple
cells in the primary visual cortex. The spatio-temporal frequency response showed a bandpass with a
spatial frequency of 0.10 mm-1 and a temporal frequency peak of 4 Hz for both filters. Edge
detection, direction detection and optical illusion detection were performed using this device. The
human eye"s edge detection and orientation detection functions were successfully reproduced using
only the properties of the biomembrane, without the use of software, complex circuitry or a power

supply.
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