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ABSTRACT

Since the first application of its paradigm to the recurrences of Earth’s ice ages [4], the
Stochastic Resonance (SR) has been suggested as occurring in a number of phenomena in
biology, chemistry and physics; in particular, in the activity of certain sensory neurons [6, 5]
and in neuronal networks from the mammalian brain [7].

Moreover, although the early natural examples of SR were modeled in terms of the classical
double-well potential [9], the SR paradigm was recently extended to different model systems.
Among these, the threshold or excitable devices have received much attention [13].

The leaky integrate-and-fire (LIF) neural model has been extensively employed to account for
both the linear and the nonlinear features of information coding in single neurons [8, 12]. There,
the input signal mimicking the “ionic current” (usually a periodic one) is integrated up to a
threshold level, then a spike is fired, the integral function (corresponding to the “membrane
voltage”) is reset to zero and the integration restarted.

Such a simple model can be made more realistic by introducing noise in its operation; and there
are two ways to do this.

The most used one is by adding noise to the input signal. In fact, the SR behaviour of such a
model was thoroughly investigated in the case of underthreshold signals and gaussian white
noise [1, 10, 11].

However, the system activation can also be obtained by supposing the noise to affect the firing
threshold. In this case, by using a gaussian-distributed stepwise noise with a high innovation
pace, the corresponding model can be well approximated by suitably defining an instantaneous
firing rate [2, 3]. This allowed us to analytically solve the relevant equations and obtain the
main statistical functions describing the system’s activity. Its “resonant” behaviour could thus
be demonstrated [2, 3]. But besides the regular SR, also bimodal resonance curves were found,
either for low frequencies and large amplitudes of modulation or for high modulation
frequencies [3] - a behaviour that can be explained in terms of firing patterns phase-locked to
the input signal.

The question arises whether the bimodal feature of SR is shared from the LIF model with noise
on the input signal. In this report, a comparative analysis of behaviour of the two models
affected by the same type of noise is performed by numerically simulating their firing activities.
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