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Introduction

The ability of various species to localize sounds - estimat-
ing with reasonable accuracy the direction from which a
given sound source is coming - is thought to make use of
several cues [1]. Differences in arrival times of the sound
between the two ears (interaural time difference, ITD) and
difference in intensity (interaural level difference, ILD) are
thought to be the main cues for estimating the azimuth of
a sound source. Estimating the elevation and whether or
not the sound is coming from the front or back is usually
thought to involve monaural spectral cues arising from
the anisotropic filtering properties of the head and outer
ears.

Spiking neural network framework

We present a framework for analyzing these cues using
spiking neural networks, extending the Jeffress model for
ITD sensitivity [2]. Coincidence detector neurons perform
a similarity operation on their inputs. Using this similarity
mechanism, networks can be designed which exhibit neu-
rons sensitive to sounds coming from particular locations.
Mechanisms underlying ITD, ILD and spectral filtering
sensitivity can be addressed in this framework. In particu-
lar, we demonstrate a very simple neural network that
exhibits spatial sensitivity. The network consists of a
matrix of coincidence detectors each receiving an input
from the left ear and the right, each passed through differ-
ent cochlear filters. The binaural neurons in the network
are sensitive to both ITD and ILD cues. Maximum likeli-
hood estimation based on the output of these neurons
can localize sounds to a very high degree of accuracy, sug-
gesting that a distributed code based on these very simple

neurons provides sufficient information to estimate
sound location.

Learning

The spiking neural network model we have developed
uses synchrony and distributed codes. This makes it an
ideal candidate for studying learning using spike-timing
dependent plasticity (STDP) [3,4], which has been
observed in several places in the auditory system [5].
Experiments have shown that we are able to learn to local-
ize sounds when our head or ear shape changes (thus
changing the filtering properties) [6]. We investigate how
plasticity might explain these findings in our model.
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