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Abstract

Pyramidal cell in the dorsal cochlear nucleus (DCN) is one of the first neurons in the central audi-
tory system to process acoustic signals, which plays an important role in the processing and inte-
gration of acoustic information. The KM model based on voltage dependent ion channel variables
can be established by the in vitro experimental data of DCN pyramidal neurons. We use hyas a bi-
furcation parameter to analyze the fast and slow dynamics of DCN pyramidal neurons. Then, a dy-
namic state-feedback control law incorporating a washout filter is used to control the Hopf bifur-
cation position of KM model, and our control task is realized.
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Figure 1. Time course of the membrane potential V stimulated by square wave current stimulated by hyperpolarization and
depolarization of the KM model at different h, . (al)~(a3) The current response of the KM model. The selected depolariza-

tion current is 140 pA, and the 50 ms hyperpolarization current is —200 pA. The change of h, is1, 0.5,0.05 in turn
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Figure 2. KM model (a) Time history of fast potassium current shutdown probability variable h, . In the hyperpolarized
state, h, gradually increases, and in the depolarized state, h, gradually decreases. The selected depolarization current is

140 pA, and the 50 ms hyperpolarization current is —200 pA
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Figure 3. Analysis of fast and slow dynamic bifurcation of KM model. The slow variable h, is a parameter, the red line

represents the stability point of the fast subsystem, and the blue line represents the maximum and minimum values of the
limit cycle. The blue-grey line indicates the trajectory of the system under the stimulation of hyperpolarized current
I, =—200 pA and depolarized current |, =140 pA
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Figure 4. KM model after control. The slow variable h, is a parameter, the red line represents the stability point of the fast

subsystem, and the blue line represents the maximum and minimum values of the limit cycle. The blue-grey line indicates
the trajectory of the system under the stimulation of hyperpolarized current I, =-120pA and depolarized current
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