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Why do we need AO for vision science?
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Structure of the human eye
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Defects of the eye’ s optics

Sourcesof retinal blur  Scattering
Diffraction

Aberrations

M avochr onaticpdnt spread fundions

Human eye 2.5 mm Perfect eye 6 mm Human eye 6 mm
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Wher e are aberrations from?

Artal, Guirao, Berrio, and Williams, Journal of Vision,1, 2001
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A complete description of s
the eye s optical defects @ Aberation
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Population Satistics of the Eye’ s Wave Aberration
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Everyone has a different pattern of aberrations

Per fect eye
(diffraction limited)

Wave
Aberration

5.7 mm pupil

Polychromatic
Point Spread
Funcion

Retinal
Image
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Thewaveaberration isnot static

(HH, 5.7mm pupil, 550 nm wavelength ;
WaweAbearatian Pant Spread Function

Dynamic cor rection can incr ease resolution and contr ast

Dynamicr angeof eye swaveaberr ation required dosed loop bandwidth
1~2Hztocorrect tempaor al fluctuation
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Adaptive optics can compensatefor
monochromatic aberrations

ber rationsin Lensand Cor nea
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Rochester AO system

design and performance
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- Adaptiveoptical system
for theeye
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System L ayout
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Wavefront correcting---Xingtics 97 channel DM
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01/22/2004 Li Chen--IPAM, UCLA 15

Geometry of three conjugate pupil planes

PMN actuata' s )
jrmCszTm sk S AEERD e atre
fEiEsEsas
AP
.Q:E't"i_: _i' : | Pupil szefar AO
_4)_ _4’_ 11 708mm (68 mm)
N asaarazssmsa
U
Lensiets(21d 1717) \tﬁ-_—& Pupil szefa retinal imaging

04mm (0.334mm) padng
24mm facal lengh

01/22/2004 Li Chen--IPAM,UCLA 16

625mm (6mm)




Wavefront correcting ----Tip-tilt removed
from slopevector
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Wavefront correcting----Direct slope
control algorithm
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M: total number of lendlets (221)
N: total number of actuators (97)
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System per for mance---Dynamic compensation
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System per formance---Aberration correction
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Static correction vs. dynamic correction
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What can AO do for vision science?
AO for imaging retina
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Interference fi lter
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Adaptive optics enhances
retinal image quality

Withautadaptive gptics With adaptiveoptics W ith adaptiveoptics
(andleimag® (andleimagp) (—<10imagey
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Increase in the power at the cone spatial
frequencies with dynamic corredion

Ratioof | magePove

0 10 20 30 40 50 60 70 80 90 100 110 120
Spatial Fr equency (ctleg)
Thecontrag of theconesinther etinalimageincr eased by 30% with dynamic
AO correction. Thisallowsconeclassnginther etinasof livinghuman aubjects
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Cone classing with AO

YY, 1 deg nasal-superior AP, 1.25 deg nasal MD, 1.25deg nasal
%L =51+5 %L =51+3 %L =60+3
JC, 1.25 deg temporal JW, 1 deg temporal BS, 1.25 deg nasal
%L =66+4 %L =80 %L =94+3
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Cour tesy Heid Hofer and Austin Roorda




Adaptive Optics hasdiscovered a
new form of color blindness

NC - Deuter angpe
Functional and phydcal loss
of M cones

MM - Pr otanope
Functional lossof L cones
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Joe Car rdl, Heidi Hofer & D avid Willians, Rochester
Jav & Maureen Neitz, Medica Callege of Wisconsin |

What can AO do for vision science?

AO for psychophysical experiment
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Visual Benefit of correcting
higher order aberrations
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Guirao, Porte, Williams, Cox, JOSA A, 2002

Adaptive optical system for
psychophysical experiment
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Visual acuity with letter E

Viaual acuity

Viaual dimulus Subject’stask
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Visual acuity improved with AO

(@mm pupil ,white light)

ot 1<+ 20/20

0.05 -

-0.1

0.15

-0.2

Dwithout AO
0.25 u
1 [ withAO_static
1 — —l<« 20/10
AP GYY HH
Sbjects
Li Chen--1PAM, UCLA 32

16



Contrast sensitivity improved with AO

(6mm pupil ,white light)
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Yoon and Williams,J. Opt. Soc. Am. A, (2002)

Adaptive optics can generateaberrations
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AO for accommodation experiment
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Defaus(D)

DM produces step changes in defocus without
changing magnification
(Artifidal eye, 6nm pupil)
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AQ for image metricsto predict
subjectiveimagequality

Requireslenghysubj ective pr ocedure

Reguiresalgor ithm totrandor m wave aberration
intooptimum valuesfor spher e, cylinder ,andaxis
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Chen L., Por ter J, Singer B, LlorenteL.,Nagy L .,and WilliamsD. R, ARVO 2003 ; WilliamsD. R.,ARVO 2002.

Blur matching

Sandard Aberr ation Simulus
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Subject Adjusts Amount of Defocusto Match
the Blur from Each Patient’s Wave Aberration

Patient wave aberration
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Doesthebrain compensateto the

eye' s optics defects?
Though HOA exigingthe eyealwaysblur theretinal image,
our subjectiveimpressonisthat thevison world isalways
shar p and clear ,suggegingthat thebrain might compensate
thdar subjectiveblur influence.

WaveAberration Simulus
Angle=0 deg 550nm wavd ength Angle=45 deg
Factor =1 1degree FOV Factor =0.6
01/22/2004 Li Chen--IPAM, UCLA 40

Arta P, Chen L., FernandezE., Singer B, Manzanera S, and WilliamsD., JOV, 2004
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Wave aberration rotated counter clockwise

ST
ST

Confocal Scanning Laser Ophthalm oscopy
with Adaptive Optics




AO Scanning Laser Ophthal moscope
Plane of focus

Scanning optics ‘
and
Adaptive optics /
* Confocal  petector
pinhole
[lTumination
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Scattered Light from the Plane of Focus
Plane of focus

Scanning optics ‘
and
Adaptive optics /

Confocal  petector
pinhole
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Scattered Light from Behind the

Plane of focus
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Plane of Focus
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Scattered Light from Before the

Plane of focus
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Optical layout of Rochester SL O with AO

47
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Setup of Rochester SL O with AO

600 mm

Spatal filter and
collimating lers

600 mm >
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Retinal imageswith Rochester confocal 9.0
(15degree, without AO)
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Summary

* Rocheder’s realtime AO ggem for vison science
— 97actuator defor mable mirror
— 221 lendet for wavefr ont measur ement
— realtimecampensation up to30Hz
— Closd loop bandwidth085Hz

* ThisAO ygem cangr eatly reducetheaberrationsinthe
gyetoachievenearly diffraction-limited per formance.
— Highreolutionretinal imagescan beobtained automatically and
quickly
— AO canimprovevisual per for mance

— Therear e anumber of applicationsof adaptiveopticsfor badc
stience(olor vidon) and medical(laser refractivesurgery, and
diagnogsand treatment of retinal diseases).
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