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IntroductionIntroduction

• Diseases of the retina 
begin at the cellular level.

• Adaptive optics 
technology has improved 
the resolution of research 
grade retina cameras.

• Now retinal cells can be 
observed as small as a 
few microns in size.

Image of EA’s cone 
photoreceptors

~200 µm 



The ProblemThe Problem

Retinal image quality is a function of:

1. Ocular aberrations

2. Diffraction

3. Noise (e.g. detector & photon noise)

4. Retinal motion
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The ProblemThe Problem

Retinal image quality is a function of:

1. Ocular aberrations can be corrected with the AO  
system.

2. Diffraction can be reduced by dilating the pupil.

3. Noise (e.g. detector & photon noise) can be 
reduced by increasing the camera’s sensitivity.

4. Retinal motion still remains problematic.



AO cameras are highly sensitive to retina 
motion blur due to their high magnification. 

Shorter exposure durations would reduce 
motion blur, but at the expense of reduced 
signal.

BackgroundBackground



To determine the optimal exposure 
duration that generates negligible 
motion blur while maximizing the 
signal.

PurposePurpose



ProcedureProcedure

Using an adaptive optics camera, cone 
photoreceptors were imaged for a range of 
exposure  times (1/3 msec to 100 msec).
20 images were collected at each exposure 
duration.
Power spectra were computed and averaged 
for all exposure times.
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Results: Cone mosaic videos collected 
at different exposure durations

Results: Cone mosaic videos collected 
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1 msec
(9.2 fps)

10 msec
(8.6 fps)

33 msec
(7.2 fps)

100 msec
(4.8 fps)



Results:  Power spectra on subject EAResults:  Power spectra on subject EA



Results:  Power spectra on subject RJResults:  Power spectra on subject RJ



ConclusionConclusion

High resolution retina cameras should 
operate with an exposure of about 
10msec to minimize motion blur while 
maximizing signal-to-noise ratios.



AcknowledgementsAcknowledgements
•Donald T. Miller & Miller lab

•CfAO

•This project was supported by a Research 
Experiences for Undergraduates (REU) 
supplement to the national Science 
Foundation and Technology Center for 
Adaptive optics, managed by the University of 
California at Santa Cruz under a cooperative 
agreement No. AST-9876783


