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allowing non-invasive assessment of the impact optical changes on vision. In particular, we studied 
the effect of correcting the eye’s ocular aberrations, and of inducing high order aberration and phase 
patterns representing astigmatic or presbyopic corrections (i.e. contact lenses or intraocular lenses) 
on visual acuity, contrast sensitivity and perceived visual quality. We found that different corrections 
alter the eye’s optical profile, and impact visual performance. For example, refractive surgery 
decreases the MTF and the CSF, and correcting optical aberrations increased decimal acuity, CSF, 
and improved performance of certain visual tasks (i.e. face recognition).  However, the perceived 
best focus is altered by prior visual experience, indicating that the eye is adapted to its aberrations, 
and vision is not only limited by optical degradation but also by the calibration to its internal blur code. 
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The human visual system is continuously adjusting to changes in the environment and within the 
observer to maintain a constant visual perception. Adaptation processes recalibrate so that how the 
world looks depend on the recent and long-term visual experience, as every subject is chronically 
exposed to a different pattern of retinal blur. A series of psychophysical experiments were performed 
to investigate whether subjects are naturally adapted to their own level of retinal blur, (2) extract the 
orientation features of the internally coded blur and (3) test whether the internal code for blur is similar 
between eyes despite interocular differences. To guarantee that all subjects were exposed to a 
controlled retinal blur, computationally blurred images with known blur pattern were projected 
through a custom adaptive optics system and all the measurements were performed monocularly 
under full correction of subject’s own retinal blur. Judgments of perceived blur were measured to 
determine the physical blur level that appeared best focused and oriented blur producing best 
perceived image quality were measured using a “Classification Image” inspired method. We found 
(1) a strong correlation between the blur of the best perceived image and the retinal blur produced 
by the subjects own ocular aberrations, (2) while there is some bias for in favour of individual blur 
orientation, subjects reveal relatively high tolerance to blur produced by different oriented blur and 
(3) the best perceived focus matched the retinal blur produced by the least aberrated eye. Adaptive 
Optics is an effective tool for testing visual perception under controlled retinal blur. The results strongly 
suggest that vision is adapted to the overall amount of retinal blur, calibration mechanisms for 
normalizing retinal blur operate to a lesser extent using orientation cues, and a cyclopean mechanism 
is used to compensate for interocular differences in retinal blur.  
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The eye is an optical instrument that project scenes of the visual world onto the retina. However the 
human eye is far from being a perfect optical system, and, as a consequence, the images projected 
on the retina are blurred by ocular aberrations, as well as diffraction and scattering. In natural, 
polychromatic light, the retinal image is affected by interactions among longitudinal chromatic 
aberration , wave aberrations and transverse chromatic aberration (TCA). In addition optical and 
structural properties of the eye change with age and with certain ocular conditions and treatments, 
altering the natural aberrations, as well as the interactions between monochromatic and chromatic 
aberrations, and consequently the visual function. In the last years, multiple technologies, based on 
wavefront sensing and Adaptive Optics (AO), have been developed for the measurement and 
correction of ocular aberrations. Therefore, visual simulators based on AO, incorporating a 
psychophysical channel, are essential to understand the visual impact of the chromatic aberrations 
of the eye, the interactions of these aberrations and their effect upon. A series of experiments allowed 
us to measure in vivo for the first time (1) the longitudinal chromatic aberration (LCA) of the normal 
eye using objective and subjective techniques in the same subjects in a wide spectral range, with 
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