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Study Objectives

* Drift creates temporal modulations in the visual input to the retina
* Do we control our drift to maintain certain temporal modulations?

* Can altering these temporal modulations predictably improve or
impair vision?
* By changing drift behavior
* By manipulating the stimulus



Overview

* What is ocular drift and how is it simulated?

* Theoretical construct of contrast sensitivity predictions

* Review of Drift Gain Experiments: Free View and Grating
 Comparison of prediction with experimental results

* Next Steps



What is ocular drift?

Drift (and tremor) characteristics during fixation
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Figures from Rucci & Poletti, 2015; Annual Review of Vision Science



s drift useful? Do we control it?

* Enhance fine spatial detail (Rucci et al., 2007)
* Prevent fading

* evidence of slow control

 Drifts are error-correcting, zero-velocity smooth pursuit (Nachmias, 1961;
Epelboim & Kowler, 1992)

* “fixate” vs “hold eyes still” (Steinman et al., 1973)

* Drift shows characteristics similar to a random walk (Engbert & Kliegl,
2004)



Random Walks: A diffusion model

* Brownian Motion
* One dimensional example

e At every time step, a particle
moves left or right with equal
probability

* On average, the particle
doesn’t go anywhere (mean 0
displacement)

* The variance of the
displacement is described by
D, the diffusion coefficient

(x%) = 2Dt

p(,t) =

1
A Dt

exp (

55’2

4Dt

)



Diffusion Model of Ocular Drift
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Spatiotemporal frequency content of retinal
motion during modeled drift
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Human temporal sensitivity

human temporal profile
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Linear Filter model of human temporal sensitivity as
described by Watson (1986). Parameters chosen reflect
transient response (Roufs & Blommaert, 1981).
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What if the retinal diffusion changes?

temporal power @ (spatial freq, DR) temporal power vs. diffusion coefficient
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Prediction: There is an optimal drift behavior (D) that maximizes
sensitivity at each spatial frequency.



ain 1 (Normal)

Modulating retinal motion

* Gaze contingent display is used to
amplify or reduce retinal motion by
some gain

* Free View experiment: Do subjects
adjust drift behavior to compensate
for altered retinal image motion?

* Grating experiment: Can sensitivity
be improved by manipulating
retinal image motion?

From Norick’s DriftGain report



Free View: Conclusions

* Drift changes to compensate for retinal motion
* decreased curvature when not enough motion; increased when too much
* Indications of larger span, higher speeds when not enough motion

* Drift is not entirely a random walk
* Characteristics change over time
* Displacement-squared does not increase linearly with time

* Fractional Brownian motion could serve as a better model (Engbert & Klieg],
2004)



Grating: Inconclusive

e Effects in free view conditions were not seen in grating experiment



G rati ﬂg EXperi ment  2AFC task: What is the orientation of the
grating?

* 1 deg scotoma prevented vision of grating
in high acuity foveola

* Contrast of the gratings updated following
the PEST algorithm in order to determine
the 75% contrast threshold

* First data set:
* 16 cpd gratings
e Gains=10, .5, 1, 2, 3]
e 7 Subjects

* Second data set:
* 16 and 10 cpd gratings
e Gains=[.75, 1, 1.2]
e 3 subjects

From Norick’s DriftGain report



Data Set 1
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Data Set 2: not as clear
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Subjects’ D varied at
different gains; more
diffuse

No apparent change
in performance across
different gains

Better contrast
sensitivity at 10 cpd
than at 16 cpd
(expected)



Did we predict this data? (16 cpd)
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Did we predict this data? (10 cpd)
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Next Steps
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