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How Bad Is This Wave Aberration?

RMS Wavefront Error = 0.87 pm



Some Aberrations Interact
Strongly in Image Blur

Spherical Defocus and

Defocus Aberration  Spherical Aberration
rms = (.5 pm rms = 0.16 pm rms = (.52 pm



Zernike Modes
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How Bad is This Wave Aberration?

Wave Aberration Point Spread Function

Use Retinal Image Quality, Not the Wave Aberration



Principle of Adaptive Optics

Aberrations 1n Lens and Cornea
Distort Wave front

Deformable Mirror
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Adaptive Optics Can Create Wave Aberrations
(Subject: ND)

Wave Aberration After AO correction With coma added
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Convoluted retinal image







Blur Matching

Binary Noise Stimulus

e Lots of Sharp Edges

e Edges At All Orientations

* Seen Through Adaptive
Optics

550 nm, 1 deg, 6 mm pupil



Amplitude(um)

Blur Matching of Patient Wave Aberrations

The subject adjusted the amplitude of defocus so that the
subjective blur matched that of the patient wave aberration.

0.3

0.2 1

0.1 ~

-0.1 4

-0.2 ~

-0.3

-0.4 -

Patient wave aberration

Zernike mode

Stimulus

Defocus(D)

0.3 ~

0.2 ~

0.1

-0.2 ~

-0.3 -

Defocus

345 6 7 8 9 1011121314151617 18 19 20

Zernike mode












Amplitude (um)

ave Aberration RMS

Small RMS

- Aperture(mm)



Metric matches (D)
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Strehl Ratio of Point Spread Function

Diffraction-limited PSF

(Perfect Eye)
H
H,, Strehl Ratio = —=
H dl
Actual PSF

(Aberrated Eye)

C. of Austin Roorda



Metric matches (D)
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A Simple, Biologically-Plausible Metric
for Subjective Image Quality

2 : ( ) Subjective
X —
Image
Quality

Point Spread  Gaussian Neural Blur
Function oc=0.98



Metric matches (D)
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Metric Matches (D)
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Optimizing refraction with an
image quality metric

search 1n
3-D space
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Guirao and Williams (2003)




Conclusions

* Generating blur with adaptive optics leads
to a robust metric for correcting vision.

e It is hard to estimate subjective
blur from the wave aberration.
Zernike Decomposition doesn’t help
much.

e The point spread function
combined with a biologically
plausible model of neural blur
is better.

e Standards for optimizing correction from wavefront
are in the works



