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A cable-driven robotic eye for the study of
oculomotor behaviors

Akhil John, Bernardo Dias, Reza Javanmard, John Van Opstal, Alexandre Bernardino
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e Eye Is actuated by 6 extraocular muscles in agonist- e Develop a biologically inspired 3D model of the eye,
antagonist pairing to perform movements like saccades actuated by 6 independent cables

(rapid eye motion between fixation points)
e Study neural control of the oculomotor system through
e Overdamped system due to the viscous fatty tissues open-loop optimal control techniques
V surrounding the eye and drag from the optical nerve

‘ S | | e Replicate human behavior like kinematic and dynamic
e Has 3 DoF, but restricts Its orientation by rotation axes characteristics with both linear and nonlinear models
\ Eye coordinate frame /

that lie in the YZ plane (Listing’s law)

Nonlinear Simulator Linear Approximation Nonlinear Approximation
e Sphere with 6 cables ruled by rigid- e Analytical approximation of dynamical e Model built using NN trained with data from
body dynamics equation equations using local derivative techniques the nonlinear simulator
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(Teye ) e Controller based on a linearized local state e Controller based on nonlinear numerical
optimization
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ﬂ& - Both linear and nonlinear models minimize Duration and Energy,
Time(ms) while maximizing Accuracy
Cost function minimization convex solution
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: o Conclusion
T Tosonalcomponent®) Vertical component (° ] e Co-contraction of the cables has a substantial effect on reaching
Listing’s Plane from our models é equilibrium at goal orientation.
oo,  PeakVelocity vs Amplitude  seccade arecion ceo Duration vs Amplitude O 1 e Listing’s Plane error increases with amplitude for both models,
| Amplitude (°) but nonlinear shows lower deviation from the plane
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" Amplitude (°) e Amplitude (%) / K %0 10 2'0_ 0 40 / e Future work: Improving the modelling of friction and cables,
P Amplitude implementing signal dependent noise with feedback control
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