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A study on Hair Bundle Feature Estimation Based on Negative
Stiffness Mechanism Using Integrated Vestibular Hair Cell Model

Dongyoung Kim'?, Kihwan Hong?, Kyu-Sung Kim** and Sangmin Lee'”

'Department of Electronic Engineering, Inha University
’Institute for Information and Electronics Research, Inha University
3Department of Otolaryngology-Head & Neck Surgery, Inha University School of Medicine
(Manuscript received 31 October 2013; revised 8 December 2013; accepted 16 December 2013)

Abstract: In this paper hair bundle feature model and integration method for hair cell models were proposed. The
proposed hair bundle feature model was based on spring—damper- mass model. Input of integrated vestibular hair
cell model was frequency and output was interspike interval of hair cell that was reflected the feature of hair bundles.
Irregular afferents that had a great gain variation showed reduction of negative stiffness section. Regular afferents
that had a small gain variation, however, showed same feature with base negative stiffness feature. As a result, inte-
grated vestibular hair cell model showed almost the same modeling data with experimental data in the modeled
eleven frequency bands. It is verified that the proposed model is a good model for hair bundle feature modeling.
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Table 1. Parameter values of the model for spontaneous hair-bundle oscillation[8]
Parameter Definition Value
mgsr Mass of stimulus fiber 100-10" P kg
&sp Drag coefficient of stimulus fiber 100 nN-secm™
Kgp Stiffness of stimulus fiber 150 uN'm™
mug Mass of hair bundle 60-10 P kg
Eup Drag coefficient of hair bundle 130 nN-secm™
Ngs Number of active transduction elements 35
¥ Geometrical gain of stereociliary shear motion 0.14
Ksp Stiffness of stereociliary pivots 200 uN-m™
Xsp Resting deflection of stereociliary pivots 246 nm
K1, Stiffness of tip link 4000 uN'-m™
d Distance of gate spring relaxation on channel opening 7 nm
X Resting extension of gate spring with channel closed 12 nm
KRE,MAX Maximal stiffness of reclosure element 1600 uN-m™
KRE,MIN Minimal stiffness of reclosure element 100 uN'-m™
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Fig 2. A graph of spontaneous hair bundle oscillation[8]. (a)
experimental kinocilium, (b) modeled kinocilium
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F 2. AHP 2elle] uf 7l ZH[7]
Table 2. Parameters and values of the afterhyperpolarization
model[7]

Parameters Value

regularity

*

A T, [ms] cv
regular 2.15 6.50 0.0476
irregular 0.50 2.36 0.5082
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