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  Approximately 300 bat species are known to emit their ultrasonic biosonar pulses through the nostrils. In these animals, ultrasound is
produced by the larynx, propagates along the vocal tract, exits through the nostrils, and is finally diffracted by intricately shaped baffle
structures known as "noseleaves". Noseleaf geometry determines diffraction and hence the spatial distribution of the emitted ultrasound. As a
consequence, numerical predictions of the noseleaves' acoustic function can be made based on the digital models of noseleaf shape. To limit
model size and computational effort associated with numerical beampattern predictions, the vocal tract is often only partially included in these
models or left out completely. In order to investigate the effect of source placement within a complete or partial vocal tract attached to a noseleaf
shape on the numerical beampattern prediction, the noseleaf of the great roundleaf bat (Hipposideros armiger) was studied as a model.
Numerical beampattern estimates were obtained for a single monopole source positioned near the vocal folds or closer to the nostrils. Two
monopoles sources placed in each nostril were also investigated. It was found that source positioning could impact the beampattern whenever
they broke the symmetry in the near-fields of the two nostrils.
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INTRODUCTION

Bats make up about 20 % of all existing mammals and have about 1000 known species that
have evolved in a rapid diversification over time in which biosonar is likely to have played a
central role [1, 2]. Bat biosonar stands out among mammalian sensory systems through its
unique combination of capabilities, diversity, and parsimony. Bats are known to use both active
sonar, where they listen to the returning echoes from their own ultrasonic vocalizations emitted
through nostrils or mouth and passive sonar where they listen to incoming sound from foreign
sources.

In most bat species, ultrasound is produced by the larynx, propagates along the vocal tract
and finally comes out of the nostrils or mouth. In the case of nasal emission, the nostrils are
frequently surround by prominent structures called “noseleaves”. The geometry of these
noseleaves determines an acoustic diffraction process which is responsible for the spatial
distribution of the emitted ultrasound. Noseleaves are found in several groups of bat families
such as horseshoe bats (Rhinolophidae), old world leaf-nosed bats (Hipposideridae), new world
leaf-nosed bats (Phyllostomidae), and false vampire bats (Megadermatidae). Across the species
in these groups, the noseleaves are often intricately shaped structures adorned by flaps, ridges,
and furrows. In order to understand the potential functional relevance of these structures across
a large number of different species and noseleaf shapes, numerical methods are the most
efficient approach. Besides their efficiency, these methods also allow for easy experimental
manipulation of noseleaf features and the analysis of the functional link between noseleaf
geometry and far-field beampattern through the acoustic near-field.

In the work reported here, we have studied the effect of a choice that has to be made in any
of these numerical simulations, namely the position of the source or sources for the ultrasonic
field. In order to limit the size of the model and computational effort associated with numerical
beampattern predictions, the vocal tract, where actual the excitation takes place in-vivo, is often
included only partially or left out completely. As a consequence, the acoustic near-field of the
noseleaf has to be excited in a way that differs from the in-vivo situation. To evaluate the
potential impact of such solutions, we have experimented with them and compared the resulting
beampattern predictions to those obtained from a complete shape model that includes partial
vocal tract.

METHODS

Two noseleaf samples samples from adult great roundleaf bats (Hipposideros armiger, figure
1) were used for the present analysis. Both samples were taken form freshly collected specimens
and stored in low-concentration (about 10%) ethanol until the tomographic scans could be
performed. The specimens scanned consisted of complete bat heads, with pinnae removed and
their noseleaves intact and in a shape configuration that was free of any noticeable post-mortem
artifacts. Similarly, the vocal tract was preserved in its life-like form. Three-dimensional models
of the noseleaf geometry were obtained by x-ray microcomputer tomography (Skyscan 1172)
using a cone-beam volumetric reconstruction method. The original voxel representation of the
shape had an isotropic resolution of about 30μm edge length. Starting from these complete
models, different shape configurations and source placements were created by hand-editing the
voxels. There were four configurations that were tested. In first configuration (case 1), sound
sources were placed in each of the nasal tubes such that there was no path difference between
them. For second & third configurations (case 2 & 3), the path difference between the sources
was increased to λmin/8 & λmin/4 respectively, where λmin is 4.95 mm (70kHz). For the fourth
configuration (case 4), the source was placed in the vocal tract 4 mm from the location of the
start of vocal tract. For all experimental configurations, the acoustic near field inside a
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cuboid-shaped volume surrounding the noseleaf was predicted using a finite element model
consisting of linear cubic elements derived directly from the voxel shape representation. The
forcing vector of the model was set up to simulate either a point source placed in the vocal tract
or two point sources placed in each of the nasal tubes of the noseleaf. Frequencies spanning the
entire frequency range (54 to 70 kHz in 2kHz steps) known to be covered by biosonar pulses’
second harmonic [3] were analyzed. The far-field directivity pattern was predicted by projecting
the complex wave field amplitudes on the finite element’s computational domain outwards using
a Kirchhoff integral formulation [4, 5]. The angular resolution of the beampattern estimates
was 1o in azimuth and in elevation.

(a) (b)

(c)

FIGURE 1: Surface renderings of the analyzed shapes (polygonal meshes): a) sample 1 without vocal tract, b) sample
2 without vocal tract, c) sample 2 with vocal tract.

RESULTS

The beampattern predictions obtained for both samples showed a dependence on the source
position selected for the different simulations: For sample 1, the beampatterns for case 1 (zero
path difference between sources) showed a single main lobe wider in azimuth than elevation at
lower frequencies with no side lobes. At higher frequencies, however the beam widened in
elevation more than in azimuth with a side lobe that appeared to break away from main lobe.
For case 2 (λmin/8 path difference between sources), beampatterns showed a single main lobe
wider in elevation than azimuth at lower frequencies. In the medium frequency range, the main
lobe split into two lobes but combined into one again at higher frequencies. There was, however,
no fully separated side lobe. As the path difference was increased between sources in case 3
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FIGURE 2: Placement of the sound sources for the different simulations: a) configuration with two numerical sound
sources (S1 & S2) placed in the nasal tubes, the parameter of these simulation is the distance between the sources d.
d takes values of 0 (case 1),λmin/8 (case 2), λmin/4 (case 3), where λmin is 4.95 mm (70kHz), b) configuration with a
single sound source (S) placed 4mm from the point of the start of vocal tract (case 4)

(λmin/4 path difference between sources), the split became more pronounced and spanned the
entire frequency range. Finally, when a single source was placed in the vocal tract 4mm from
the point of the start of vocal tract , the split disappeared and the beampatterns showed again a
single main lobe without a clear side lobe.

The beampatterns for sample 2 (figure 4) were qualitatively very similar to those of sample
1(figure 3) except that split of the main lobe into two lobes in case 2 was much more prominent
in sample 2 than sample 1 and spanned the entire frequency range.

DISCUSSION

The results obtained in the present study strongly suggest that the placement of sources in
numerical simulations used to predict the beampatterns of noseleaves can have a major impact
on the results. This was found to be true in the cases where the vocal tract had been removed
from the sample geometry and two sources were used to emulate the sound coming out of the
two nostrils. In these cases, the positioning of the two sources can be critical: If the two sources
are placed at different depth inside each nasal tube, this can result in the formation of multiple
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FIGURE 3: Comparison of beampattern estimates for sample 1 for the four different combinations of the location of
placement of sound sources. a) Beampatterns for case 1 with no path difference between sources b) Beampatterns for
case 2 with λmin8 path difference between sources c) Beampatterns for case 3 with λmin/4 path difference between
sources d) Beampatterns for case 4 with source in the vocal tract 4 mm from the start of vocal tract. The amplitude is
linearly encoded in colored scale, where red represents the maximum value.
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FIGURE 4: Comparison of beampattern estimates for sample 2 for the four different combinations of the location of
placement of sound sources. a) Beampatterns for case 1 with no path difference between sources b) Beampatterns for
case 2 with λmin/8 path difference between sources c) Beampatterns for case 3 with λmin/4 path difference between
sources d) Beampatterns for case 4 with source in the vocal tract 4 mm from the start of vocal tract. The amplitude is
linearly encoded in colored scale, where red represents the maximum value.

lobes in the beampattern that are were not seen with a single source placed down inside an
intact vocal tract. These split beam are thus likely to be artifacts. These artifacts can be avoided
- even in the two-source configuration without a preserved vocal tract - if care is taken to
position both sources at an even depth inside each nasal tube. The present findings can thus be
seen as evidence that simulations of noseleaf patterns without vocal tract and two sources
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placed in the nasal tube can produce valid results and hence it is not necessary to increase the
computational problem to include the entire vocal tract.
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