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Plan

* Overview of the study (motivation, plan, findings)

* Dive 1. model-motivated experimental design
— a specific way in which theory and experiment can interact

* Dive 2: data-motivated modeling
— a specific way in which inter-individual differences are useful



The eyes move!
e Saccades

— Abrupt shifts, approximately 3 per sec
— Move areas of interest into the fovea

* Smooth pursuit

— Tracking movements
— Stabilize the image of a moving target

3

( Fixational eye movements
— Occur between saccades
— Apparently random
— Sweep across many cones
— Function unclear
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Fixational eye movements modify the retinal input

Static component

* blurred Dynamic component
 mostly filtered out by the - edge-enhanced
retina, which is temporally - selectively transmitted
high-pass to the brain

« The dynamic component no longer has (pairwise) spatial correlations!
— Not obvious: involves a matching between the statistics of eye movements, statistics of natural
scenes, and retinal resolution, and retinal dynamics

« We can no longer claim that the “purpose” of retinal ganglion cell filtering is to
remove correlations; correlations are removed by fixational eye movements.



Fixational eye movements: What is known

Fixational eye movements resemble Brownian motion but are not “noise”

FEM'’s reformat space to spacetime, amplifying proportional to spatial
frequency

— This decorrelates natural images, which have a 1/f2 power spectrum

— More rapid motions lead to greater amplification but over a narrower frequency range

— FEM’s can be viewed as part of a continuum that includes microsaccades and saccades

FEM'’s are under neural control
— Retinal drifts are similar for head fixed or mobile (Aytekin et al., 2014, Poletti et al., 2015)
— Retinal drift speed is task-dependent (Intoy et al., 2020, Zhao et al., in prep.)

FEM'’s are thus a tunable filter — which the retina is not

Our question: How sophisticated is task-dependent tuning?
— Can it go beyond compensation for head movement and an overall “diffusion constant”?
— Can it exploit detailed knowledge of task requirements?



Experiment Overview
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Measuring small eye movements by
high-precision eye tracker

b Purkinje images
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H vs N discrimination is facilitated by
vertical or oblique drifts.
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Dive 1: Experimental design

We used a computational model to select letter pairs for which FEM trajectories are predicted
to have a strong influence on discriminability.

measured FEM trajectory
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Dive 1: Experimental design

0.015
ad one FEM trajectory;
o .
£ 0 ons. many examples of noise background
0~
0
time (ms;000 1500 0 Images
compute for two |:> dimension- reduce |:> cross-validated |:>peﬁormance for
candidate letters (1to 10 PCs) Fisher discriminant one neuron
simulate an =~ ONcenter OFF center verify conditional |:> performance for a
ce .
array of o - : independence neural population
neurons : 10
T 09
g
‘90.8 /—
c
£07
=06 '~F-P ON cells |
05 |-+ P OFF cells
' 5 10 15 20 25
1.0
8 0.9
S 08
c W
go7
=06 '+ M ON cells
05 —M OFF cells
- ' 5 10 15 20 25
Lin TheSiS 2022 number of neurons




10
£ 09
S08
207
<06

0.5

1.0
g 09
g 08
= 0.7
* 0.6

0.5

Dive 1: Experimental design
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Dive 2: Data-driven modeling

letter present at The data are a bit more complicated: each condition is
characterized by a velocity distribution...
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...which we can characterize by their covariance ellipses.
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Dive 2: A funny thing about ellipses
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Dive 2: Shared transformations of ellipses

* No single pair of ellipses unambiguously defines a
linear transformation

« With two or more pairs of ellipses, a shared
transformation -- if it exists -- is fully constrained.



Dive 2: Analysis

Is there a single transformation that accounts for
these findings?
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Back to the original hypothesis:

Q/T' vertical  oblique vertical oblique
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by vertical or oblique drifts. facilitated only by vertical drifts.

The shared transformation changes the covariance ratio
in the direction that enhances performance:
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Summary

Fixational eye movements are a tunable filter at the front end of vision

While we are unaware of FEM’s and they might appear to be “noise™:

— they are under neural control
— they can be finely tuned to task — in particular, the orientation of the critical features
— this tuning can be open-loop, driven by cognitive factors

This tuning is a combination of a rotation and a stretch of FEM velocity
statistics.

We hypothesize that shared transformation reflects FEM planning in 2-d
space holistically, rather than separately on each coordinate



