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I. Introduction

Eukariotyc cells maintain a membrane potential, which plays a vital role e.g. in signalling and trans-
portation mechanisms. It is created by the concentration difference of various ions between the two
sides of the membrane. The neurons besides the cardiac muscle cells are able to change their mem-
brane potential significantly within a few milliseconds. This mechanism is called action potential and
is generated by the change in the membrane permeability what indicates an ion current through the
membrane. We are interested in those initializer of the action potential, which are caused by the neigh-
bouring neurons, the most typical way of this is the synaptic current. A synaptic current at one point of
the cell might not makes the cell to create the action potential, but the sum of more is able to do that.
The goal of this paper is to present a method for determining the propagation and initialization features
of the action potential based on recordings outside the neurons done by multielectrodes.

Figure 1: The simulational setup. The ballstick neuron model built up form the segments (black
rectangles) is placed to the x = 0 position, the electrodes marked with black squares are found in a
30 µm distance. On the left side the one dimensional projection of the Gaussian base functions are
shown.(bf: base function, seg: segments)
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II. Overview of Relevant Current Source Density Methods (CSD)

The relationship between the current sources and the generated potentials is given by the Poisson-
equation:

σ∇2Φ(r, t) = −C(r, t), (1)

where σ is the electrical conductivity of the extracellular medium, Φ is the extracellular potential, r
refers to the position, and C(r, t) =

∑N
n=1 In(t)δ3(r−rn) is the current source density, the summation

goes over all point sources,the position of the nth current source is rn . There are several methods
which use different assumptions for solving the above mentioned equation.

A. Traditional CSD
The traditional CSD method [1] uses the recorded extracellular potential from a laminar electrode,
which is placed perpendicularly (z direction) to the layers of the cortex. Based on this setup and
assuming that the layers are endless and homogeneous, the current source densities of each layer can
be given:

C(zj) = −σΦ(zj + h)− 2Φ(zj) + Φ(zj − h)

h2
(2)

where zj is the position along the z-axis of the jth electrode and h is the inter-electrode distance.

B. Kernel CSD
The kCSD method [2] extends the applicability of the traditional CSD by enabling to calculate the
current sources at arbitrary positions by using kernel methods.

The CSD distribution can be expressed as the sum of the M sources:

C(x) =
M∑
j=i

aj b̃j(x) (3)

b̃ is the source function correlated to the segments of the neuron,aj is a multiplication constant.
The generated potential by the b̃i is denoted as bi, and the connection is made by theA linear operator.

bi(x, y, z) = Ab̃i(x, y, z) =
1

4πσ

∫∫∫
b̃i(x

′, y′, z′)√
(x− x′)2 + (y − y′)2 + (z − z′)2

dx′dy′dz′ (4)

There is an infinite number of source distributions we could use, one of the most common one is the
Gaussian source function:

b̃i(x, y, z) = e−
(x−xi)

2+(y−yi)
2+(z−zi)

2

R (5)

Here R is the double of the variance of the Gaussian function. The connection between the current
sources densities and potentials is introduced by the A operator(A : F̃ → F )

Φ(x) = AC(x) =
M∑
i

aibi(x) (6)

where bi = A(̃b)i.
The detailed derivation of this method can be found in the [2]. reference, due to the length limitation

it’s not detailed here. To determine the CSD distribution in arbitrary positions(x), the following kernel
functions were introduced:

K(xk, xl) =
M∑
i=1

bi(xk)bi(xl) (7)
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K̃(xk, yl) =
M∑
j=1

b(xk)b̃j(yl) (8)

Using the simulated or measured extracellular potentials (V ) and assuming K̃ is invertible the solu-
tion for C is straightforward.

C(x) = K̃T
(x)K̃−1V (9)

C. Spike CSD
The Spike CSD [3] aims to calculate the current source distribution of single neurons. This requires the
estimation of the cell-electrode distance and a simplified model of the shape of the neuron. Separating
the potential patterns generated by different neurons is a crucial point. A key for doing this is the
separation based on the clustering of potential shapes generated by the action potentials, which are like
fingerprints: different for every neuron. The limitation of this model is the simplified morphology of
the model and the low spatial resolution.
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Figure 2: The original and the calculated current source distribution on colour map.

III. The kCSD method for single neurons (ksCSD)

In this method we mix the main ideas of the previous two methods, that is the calculation of current
source distribution of single neurons by using kernel methods. The main advantages of this method
is the more accurate spatial resolution, but for this the morphology of the cell is needed. Fluorescent
dyes enable such reconstruction after the recording was done. In order to test the method simulations
with different parameters were carried out.

A. Simulation
The simulation of extracellular potential of a ballstick neuron model was done by using LFPy [4],
which is a tool designed to calculate the extracellular potential of model neurons. An excitatory current
lasting 100 ms injected into the soma-ball assured the continuous action potential generation. The
neuron model consisted of 15 segments with varying diameters. In the method three dimensional
Gaussian source functions were used which were aligned on the axis of the model neuron.
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Figure 3: The shape of the current distributions (OMC: Original Membrane Current, kCSD: estimated
currents ) along the cell at the peak of the spike.

B. Parameters
In the calculation shown here the following parameters were used (Fig. 1.):
• Number of electrodes: 10
• Number of source functions: 15
• Width of source functions: 70 um
• Cell to electrode distance: 30 um

C. Results
The colourmaps on Figure 2. show the spatio-temporal distribution of the membrane currents used in
the simulation and also the estimated ones by using the ksCSD method. The colourmaps are almost
identical, but there are some small differences as Figure 3 represents. Furthermore it’s important to
notice, that this is just one setup of the several parameters without any noise, and neurons have a much
more complex morphology. Further on we wish to use the ksCSD method on experimental data in
order to understand the propagation and initialization features of the action potential.

IV. Conclusion

In this paper a novel method for calculating the current source density distribution was shown. Al-
though additional experiments are required for establishing the morphology of the cells, with this extra
information high spatial resolution is reachable. The model used in this paper is a simple ballstick
model, the extension towards more complex morphology is required. The preliminary results suggest
that it’s worthful to continue developing this method towards more detailed neuron models.
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