Mouth-clicks used by blind expert human echolocators — signal description and model
based signal synthesis

ABSTRACT

Echolocation is the ability to use sound-echoes to infer spatial information about the
environment. Some blind people have developed extraordinary proficiency in echolocation
using mouth-clicks. The first step of human biosonar is the transmission (mouth click) and
subsequent reception of the resultant sound through the ear. Existing head-related transfer
function (HRTF) data bases provide descriptions of reception of the resultant sound. For the
current report, we collected a large database of click emissions with three blind people expertly
trained in echolocation, which allowed us to perform unprecedented analyses. Specifically, the
current report provides the first ever description of the spatial distribution (i.e. beam pattern)
of human expert echolocation transmissions, as well as spectro-temporal descriptions at a level
of detail not available before. Our data show that transmission levels are fairly constant within
a 60° cone emanating from the mouth, but levels drop gradually at further angles, more than
for speech. In terms of spectro-temporal features, our data show that emissions are consistently
very brief (~3ms duration) with peak frequencies 2-4kHz, but with energy also at 10kHz. This
differs from previous reports of durations 3-15ms and peak frequencies 2-8kHz, which were
based on less detailed measurements. Based on our measurements we propose to model
transmissions as sum of monotones modulated by a decaying exponential, with angular
attenuation by a modified cardioid. We provide model parameters for each echolocator. These
results are a step towards developing computational models of human biosonar. For example,
in bats, spatial and spectro-temporal features of emissions have been used to derive and test
model based hypotheses about behaviour. The data we present here suggest similar research
opportunities within the context of human echolocation. Relatedly, the data are a basis to
develop synthetic models of human echolocation that could be virtual (i.e. simulated) or real
(i.e. loudspeaker, microphones), and which will help understanding the link between physical
principles and human behaviour.



