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Residual Generator Based Measurement of Current

Input Into a Cell
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Abstract: We address the problem of real-time estimation of the excitation current
into a cell. The membrane voltages can be measured experimentally, even in vivo.
On the other hand, a direct measurement of the current into a cell interferes with
the voltage activity. We propose a method to estimate the current input into a cell
using the measured voltage and an observer based residual generator scheme. Our
approach can be applied to all cell models of the Hodgkin-Huxley type.
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1 Introduction

The paper addresses a measurement problem from cell biology. In particular, the po-
tential on the membrane of a cell such as a neuron can be recorded directly via voltage
measurement. The electrophysiological behaviour of the cell, especially the membrane
voltage dynamics, is influenced by ionic channels which allow ions to move through the
cell’s membrane.

Voltage clamp is a standard method to measure ionic currents across a membrane [1,
2]. The technique developed by Cole [3] uses two electrodes. One electrode is used
to measure the intracellular voltage relative to ground. This voltage is amplified and
compared with a given reference voltage. The difference of these signals is amplified
again and feed back via the second electrode. With this feedback the potential on the
membrane is hold at a specific level. The current injected into the cell by this feedback
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