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Abstract (250 words):

Involuntary eye movements cause distortions of retinal images produced by high-resolution systems such as the adaptive optics scanning laser ophthalmoscope (AOSLO) [1].  The smallest involuntary eye movement is ocular-microtremor, a continuous oscillation with a random noise-like appearance [2-7], of amplitude ~1micrometer [2-7] and of high temporal frequency (spectral content concentrated between 40-100Hz [2-4, 6, 8]).  We present realistic simulations of microtremor distortion of cone visualization, informing an alternate approach to previously reported frame-to-frame motion estimation and “dewarping” [1] to remove eye movement distortions in AOSLO systems.

The simulation (developed in MATLAB©) uses a scaled 2-D ideal representation (produced in AutoCAD) of two retinal cones (centre-to-centre spacing 2.8micrometers [9]). Microtremor movement is simulated using a range of physiologically realistic amplitudes (0.15, 1.50 and 2.50 micrometers) and frequencies (20Hz, 80 Hz and 150 Hz).  A realistic AOSLO imaging model is simulated to capture retinal images. Effects of model parameters on image distortion in the simulation are quantitatively assessed using image quality metrics. We focus primarily on capture frequency of AOSLO systems, critical in dealing with eye movement distortion.  Accepting that increased speeds will variably increase signal-to-noise ratio depending on the CCD camera used, we present theoretically optimal capture speeds to limit microtremor-related distortions.  

As the resolution of adaptive optics systems improves, imaging distortions due to eye movements are of increasing importance as a limiting factor.  Our model quantifies distortion due to microtremor movement, demonstrating that microtremor impacts significantly on cone resolution and existing systems would be expected to show microtremor-related image degradation.  
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