Models of Horizontal Eye Movements: Part 4, A Multiscale Neuron and Muscle Fiber-Based Linear Saccade Model (Synthesis Lectures on Biomedical
Engineering)

In this book, a multiscale model of the saccade system is presented, focusing on a multiscale
neural network and muscle fiber model. Chapter 1 presents a comprehensive model for the
control of horizontal saccades using a muscle fiber model for the lateral and medial rectus
muscles. The importance of this model is that each muscle fiber has a separate neural input.
This model is robust and accounts for the neural activity for both large and small saccades.
The muscle fiber model consists of serial sequences of muscle fibers in parallel with other
serial sequences of muscle fibers. Each muscle fiber is described by a parallel combination of
a linear length tension element, viscous element, and active-state tension generator. Chapter 2
presents a biophysically realistic neural network model in the midbrain to drive a muscle fiber
oculomotor plant during horizontal monkey saccades. Neural circuitry, including omnipause
neuron, premotor excitatory and inhibitory burst neurons, long lead burst neuron, tonic neuron,
interneuron, abducens nucleus, and oculomotor nucleus, is developed to examine saccade
dynamics. The time-optimal control mechanism demonstrates how the neural commands are
encoded in the downstream saccadic pathway by realization of agonist and antagonist
controller models. Consequently, each agonist muscle fiber is stimulated by an agonist neuron,
while an antagonist muscle fiber is unstimulated by a pause and step from the antagonist
neuron. It is concluded that the neural network is constrained by a minimum duration of the
agonist pulse, and that the most dominant factor in determining the saccade magnitude is the
number of active neurons for the small saccades. For the large saccades, however, the duration
of agonist burst firing significantly affects the control of saccades. The proposed saccadic
circuitry establishes a complete model of saccade generation since it not only includes the
neural circuits at both the premotor and motor stages of the saccade generator, but it also uses
a time-optimal controller to yield the desired saccade magnitude.
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