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To study the relationship between the aberration of the human eye and the human
visual system, we developed an adaptive optics (AO) system which has a liquid
crystal phase modulator (LCPM). Higher-order aberrations can be created and
subject’s eye movement can be followed by using the LCPM. However, it was
difficult to use LCPMs in adaptive optics systems because the conventional LCPMs
have two large problems which are polarization dependence and wavelength
dependence. In this study, we invented the AO system to solve these problems with
an optical system and a red laser diode. The aberration was measured in real time
with the sampling rate of 10 Hz and the closed loop system was operated in 2.5 Hz.

An illumination system and an image capture system for the retia were added to
the AO system. We used a custom model eye and human eyes to evaluate basic
ability of the AO system. Consequently, the AO system reduced RMS errors from
2.03um to 0.10pm, and the retinal image of the model eye was better with the
compensation than that without compensation. From the experiments of the human
eye, aberrations of the normal eyes were reduced to less than 0.1 m (RMS) in
less than three seconds. We found that the high resolution retinal images can be
obtained by using the LCPM.

Adding a visual stimulus apparatus to the AO system, we developed an AO
visual simulator to study the relationship between the contrast sensitivity and
higher-order wavefront aberrations of human eyes. The contrast sensitivity was
measured in a psychophysical experiment using visual stimulus patterns provided
by a large-contrast-range imaging system, which included two liquid crystal
displays illuminated by red light emitting diodes from the backside. Experiments
conducted with four normal subjects revealed that their contrast sensitivity to a
high-spatial-frequency vertical sinusoidal grating pattern was lower in the presence
of a horizontal coma aberration than in the presence of a vertical coma or no
aberrations. It was found that visual experience may cause the correction of the
blurred image by aberrations.
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