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Multi-electrode recording is now a common technique to simultaneously collect neuronal spike data
of a population of the neurons in a brain region, and thus allows exploring various underlying
functions of the brain. Computational modeling usually emerges when the parameters of interest
cannot be directly measured by the experiments. However, the inverse problem of estimating
parameters from spike trains is severely ill-posed due to the huge mismatch in the system
complexity between the brain and the model, and thus needs a stochastic approach to find most
likely solutions among many possible ones. Since the brain typically exhibits complicated dynamics
that is difficult for the model to reproduce, the modeling errors are inevitable. In the present thesis,
we introduce a novel methodology based on the Bayesian inference framework to overcome that
challenging issue. The experimental spike data is fractioned into short time segments and the model
parameters are estimated segment by segment in the constraint that the segmental estimates are
fluctuated around the neuronal estimates. By relaxing the parameter search, the segmental Bayes has
been hypothesized to compensate the modeling errors and thus improve the estimation accuracy.
The performance evaluation on experimental data indicated that the segmental Bayes outperforms
the conventional Bayes and the minimum error method by minimizing the fitting errors in the
feature space. It also had a strong robustness against non-stationarity of the spike data. To enable its
further applications, verification of our proposed methods using simulation spike data was
conducted. Unlike the experimental data, it is straightforward to measure the estimation errors
because the true parameter values of the simulation data are known. Superiority of the segmental
Bayes was also confirmed by the simulation data. We thus argue that the segmental Bayes provides
a useful tool in neuroscience to estimate model parameters from spike trains with complicated

dynamics.



