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The membrane electric property of dendrites are important determinants for
the integration of information received by neurons. However, the spatial reso-
lution in experimental measurements of dendrites is limited, and data obtained
for dendrites by means of voltage imaging are noisy. It is thus difficult to di-
rectly measure the membrane properties and the spatiotemporal distribution
of membrane potentials. In the present study, we have developed a statistical
algorithm with a distributed constant type Kalman filter for estimating the
spatiotemporal distribution of membrane potentials from noisy data observed
at limited locations. In conjunction with estimating the membrane potentials,
we estimate the membrane electric properties of dendrites by using the expec-
tation maximization algorithm. To evaluate this method we apply it to the
simulation data and examine the relation between the number of observable
points and the estimated accuracy.
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Fig.1 Mathematical model of dendrite and graphical structure of Kalman filter. Dendrite (left fig-
ure) can be modelled using distributed constant circuit (central figure). Each large node and
small one in right figure represents true membrane potential and observed membrane poten-
tial, respectively. As shown in right figure, membrane potential at each time and position is

determined stochastically in terms of the voltage of neighboring compartments.
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Fig.2 Estimation of spatiotemporal distribution of membrane potential over the dendrite. Each
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symbol (a)-(e) indicates the number of spatial points where observed value can be used for
estimation; observed data of all points is used for (a), data of every other points, and every
two points, three points, is used for (b)-(c), and data of only & = 1 is used for (e). Thick
lines in the top figures are observed value used for membrane potential estimation and those

in bottom figures are estimated membrane potential.
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Fig.3 Estimation of parameters @(left), b(center), and D(right). Each parameter was inferred from

the initial parameter value 90 O different from optimal one. As used in figure 2, each symbol
(a)-(e) indicates the number of spatial points where observed value can be used for estimation.
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Table 1 Estimate error of parameters for membrane properties (%).

a b D
(a) | 0.8602 0.8591  0.8569
(b) | 1.083 1.083  0.426398
(c) | 1.240 1.256  0.672306
(d) | 1.389 1.439 1.042385
(e) | 6.258  6.437  7.482064
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