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Adaptive optics for imaging
Astromomy Retinal imaging

Since 1977, Hardy et al, JOSA A Since 1989, Dreher et al. Appl Opt
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Ocular High order
Aberrations (HOA)

Decrease resolution
and contrast of & =%
fundus images

Decrease quality of
images prOJected on _
the retina

Adaptive optics to improve
retinal images ""

Adaptive optics to |mprove
vision :

Customized refractive surgery,

Motivation
custom IOLs, contact lenses or
ophthalmic lenses aim at

|
correcting high order
m aberrations

In the even that high order aberration correction
was achieved, is this relevant to vision?

Adaptive Optics




First psycophysical
measurements with AO
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Visual benefit of AO correction
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Change of VA with AO correction
Does high contrast Visual Acuity
improve with correction of HOA?

How does this depend on target
luminance (50-0.8 cd/m?2) and polarity?

Is the improvement in visual quality
correlated with the improvement

optical quality?
S -

Marcos, Sawides, Gambra & Dorronsoro; Journal of Vision 2008
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Accommodative
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Adaptive optics correction

Close loop correction

Wave Aberration PSF

I RMS =0.039 pm

Pupil diameter: 6.6 mm
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AQO correction of HOA
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Focus shift after HOA correction

Best focus adjusted by the subject before
and AO correction
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Visual Acuity vs luminance:
Effect of AO correction

Example on one subject
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Visual Acuity vs luminance:
Effect of AO correction

Average across subjects
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Comparison with previous literature

Effect of AO-correction on VA
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Visual Acuity vs luminance

Reversed polarity
Example on one subject

151
H -
<
© No AO
£
6 015.
()
al AF
O ) )
01 1 10 100

Target luminance (cd/m?)

Marcos et al. JOV 2008




Visual Acuity vs luminance
Average across subjects
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Comparison with previous literature

Effect of contrast polarity on VA (natural aberrations)
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Effect of AO on WoB/BoW ratio

| = Without OA —— With OA |

Benefit AO on VA: Summary
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Correlation of optical/visual performance
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Improvement in optics & vision:correlated
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Effect of AO on visual performance with
real-world targets

Subjective quality preference
of natural images
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Ocular Aberratien
Correction

Effect of aberrations on
accommodation

Are monochromatic
aberrations a cue for the
direction of
accommodation?

Rosales et al JOV 2006

W|Ison etal. JOSA A 2002

.. Investigated using AO
s Natural ) AO

Effect of aberrations on
accommodation

Simulated targets

Allows testing the
effect of retinal

Also allows possible
interactions between

blur on the defocus and
accommodative accommodation-
response induced HOA

Gambraet al. JOV
2009 (submitted)
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Adaptive Optics (2) corrected aberrations (of I
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(4) adding - 1 um of spherical |
aberration

(5) - 2 um of vertical coma. i




EX perl m ent 13 Hz Wavefront sensing
Staircase accommodation test l
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Real-time accommodative response

v'Correcting HOA
aberrations
improves
accommodation
accuracy
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Accommodative lag & fluctuations
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Conclusions

1.- Adaptive optics allows to test relationships
between optical and visual performance.

2.- Correcting aberrations improves visual acuity in
most conditions, at least in subjects that experience
significant correction.

3.- Aberrations play arole in the accommodative
response and fluctuations. Correction of higher
order aberrations reduced accommodative lag.
Induction of HOA increases fluctuations.
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