Controlling the Phase in a Neuronal Feedback Loop
Through Asymmetric Temporal Delays
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= Two-Neuron System with Asymmetric Delays

Frequency of Limit Cycle
Phase Shift
Variational Perturbation Theory (VPT)



Feedback in the Avian Visual System
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Time-Continuous Model of Neuron Dynamics by Hopfield

= Leaky neuron with external input and input from other neurons:
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;. input voltage, Lf}-: output voltage, ']}_j: synaptic interconnection matrix

« Nonlinear Transfer Function:

Vi = g(u;)

U#



Two-Neuron Model With Delay

dul(t)
= —uy(t) + ay tanhjus(t —
= Model Equation: dt {8+ o alt = 72)
du;t(t) = —us(t) + astanh|uy (t — 7))
= (Characteristic Equation: (N + 1)2 — ayase NI =

= Supercritical Hopf-Bifurcation:
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Resumming Divergent Weak-Coupling Series via VPT
= Expansion Parameter: € — .M

= Weak- Coupllng Series Strong- Coupling Expansion
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= Introduction of Variational Parameter to the Perturbation Expansion:
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e \/PT Results:

= (Convergence:
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Asymmetric Delays: Numerical Results

= Delay Parameter: e=\T—10
. Sy dt uy (tyus(t)
= Covariance; ¢ = " " Ve
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Poincare-Lindstedt Method
= Expansions: e= /7 — 10

u(t) = eU(t) —E[U@)(tweU(U(tH..}

w(€) = wo+ ewy + €2wo + ... .
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« 7173 plane:
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e Rescaling: & = w(o)t, U(t) = V(§)



Perturbative Results
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VPT Results
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Summary

In Neural Networks, Oscillations Can Arise from Temporal Delays

In a Two-Neuron Network, Asymmetric Delays Can Control the Phase of
the Oscillations and lead to Synchrony

VPT Permits the Evaluation of Divergent Series for Strong Coupling

The Perturbation Series for the Frequency and the Phase of the
Oscillations as well as the Fourier Series for the Limit Cycle Can be
Resummed Efficiently Using VPT
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