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Directivity database

This supplementary material to [1] provides a database and Matlab scripts that allow
comparing and visualizing the datasets from different studies. For interpolation and
visualization, the scripts require the SUpDEq toolbox'. The considered datasets are
listed in Table 1. The data has been collected from tables, plots, and datasets from the
supplemental material of the respective studies. While some studies present directivity
patterns averaged over a sentence or while singing, others report phoneme-dependent
data.

Furthermore, the datasets vary in their sampling grids, with many measured in the
horizontal plane and just a few measured spherically. Finally, most datasets included
in this work present frequency-band averaged values, for example, in one-third octave
bands, while a few newer studies provide the raw data in the form of transfer functions.
As a result, the datasets are sparse both in their spatial and their frequency resolution.

While most datasets in our database are stored in form of an table in an Excel
sheet (Database_Directivity_Patterns.xlsx), some of the newer studies provide the
datasets of the directivity patterns as supplementary material. The following dataset
can be included in the database: Leishman et al. [2] provide the datasets in digital form
as supplementary to their paper? For this, the file SpeechDirectivity.CSV needs to be
separately downloaded and put in the Matlab path. All datasets from our studies are
stored in the SOFA format [3]. The datasets from [4, 5] contain in total 23 phonemes
measured twice for 13 subjects®. In [6] we analyzed for the same subjects as above the
influence of hand postures on voice directivity®. These datasets are stored according to
the SOFA convention ”General TF”. Finally, we presented the results of dummy head
measurements with and without face masks [7], these datasets are stored as well as
SOFA-Files according to the ”GeneralFIR” convention in the supplementary material
to this study’. For convenience, we have included the datasets of our studies in this
supplementary material so that they do not have to be downloaded separately.

Additional dataset

As part of this supplementary material voice directivity datasets determined over a
complete sentence which we measured in the same series and for the same subjects as
in [4] are included. These datasets have not been published before and comprise one
measurement for each of the 13 subjects (subject#) containing directivity patterns for
the following phonetically balanced German sentence: ”Die Schiissel mit Apfeln haben
wir auf den Kiichentisch gedeckt.” The naming of the measured and post-processed
datasets with 32 sampling points is:

Directivity_sentence_{ subject#}.sofa

Additionally, datasets that have been spatially upsampled to a dense Lebedev grid with
2702 sampling points using the SUpDEq method [8] are filed:

Directivity sentence_{ subject#} _upsampled.sofa

As in [9] the transfer functions for each direction of the directivity pattern are stored
in the data field Data separately for the real and imaginary parts. The data field
ReceiverPosition contains azimuth ¢ and elevation 6 for each direction and in the third
field, the subject’s optimal head radius is given, which we determined according to Algazi
et al. [10] based on measurements of each subject’s head width, height, and length.

! Available: https://github.com/AudioGroupCologne/SUpDEq

2 Available: https://scholarsarchive.byu.edu/directivity/1
3 Available: https://doi.org/10.5281/zenodo. 7452117
4Available: https://doi.org/10.5281/zenodo.5995215

5 Available: https://doi.org/10.5281/zenodo. 3952320
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Visualizations

Our database allows direct comparison and visualization of datasets from the considered
studies. For this, methods for interpolating the frequency scale and upsampling the
sampling grid have been implemented in the Matlab scripts. The interpolation over
frequency for the frequency-band-based datasets is carried out as a linear interpolation of
the magnitudes. For the spatial upsampling, we implemented methods from the SUpDEq
toolbox that can be applied to both the frequency-band and transfer-function-based
datasets allowing for spatial upsampling to an arbitrary target grid. For the datasets
for which only the magnitudes in respective frequency bands are given, we spatially
upsampled the datasets using natural neighbor interpolation [27]. For the complex-valued
datasets that provide transfer functions, we applied the SUpDEq (Spatial upsampling
by Directional Equalization) method [8] which has been evaluated in [28] for voice
directivities. The visualization comprises three different kinds of plots, polar plots in the
horizontal and/or vertical plane, plots on a continuous frequency scale in the horizontal
and/or vertical plane as well as balloon plots.

Matlab scripts

As mentioned above the Matlab scripts require the SUpDEq toolbox!. The Matlab script
runme .m defines which dataset is to be analyzed and some properties of the plots, e.g.
whether an averaged plot over the directivity patterns of all subjects is to be created or
whether a single data set is to be considered (only available for some of the datasets).

The Matlab scripts Voice_Directivity_Tables.m, Voice_Directivity_Leishman.m,
Voice_Directivity_Poerschmann.m read the directivity patterns from the database
and store the datasets in the form of a struct. Databases from external sources must be
downloaded and placed in the appropriate folders, or the Matlab path must be adjusted.
If desired, the frequency scale can be interpolated. The struct contains information
about the type of sampling grid, the type of measurement, the measurement distance,
and the directivity data itself (magnitudes of transfer function values, frequency values,
sampling grid).

The Matlab script Plot_Voice_Directivity_FA_2023.m generates three different
types of plots. Polar plots show the directivity patterns in defined frequency bands
for the horizontal and/or vertical planes. The function further creates plots in the
horizontal and/or vertical planes on a continuous frequency axis, showing the structure
of the directivity patterns over frequency and angle in a single plot. Finally, for an
analysis of the spherical shape of the directivity, balloon plots for different frequencies
are drawn. For each of the plots, the datasets are spatially interpolated using the
SUpDEq toolbox.

5The digital dataset of [25] has not been used for our database due to technical reasons.
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Table 1: Overview of all studies on voice directivity that are considered in the database.
The last column indicates in which form the data sets could be made usable in
the database. An [x] denotes single data sets suitable for comparative purposes,
and a [o] denotes full data sets determined in multiple frequency bands and on
a well-defined sampling pattern.




Visualizations

The following plots were obtained by applying the database and the Matab scripts. We
show polar plots that depict the data in frequency bands in the horizontal and vertical
planes. Furthermore, we depict visualizations of the datasets in the horizontal and
vertical planes on a continuous frequency axis. Finally, as an example of spherical plots,
we show some balloon plots.

Polar plots

We show the directivity patterns in the horizontal and vertical planes. Figures 1 — 2
depict the directivity patterns in octave bands with center frequencies between 500 Hz
and 8 kHz in the horizontal and vertical planes for the datasets from Table 1 that provide
data for fluent speech. As the data measured by Moreno and Pfretzschner [13] is limited
to 4kHz, the 8 kHz octave band is not shown in these plots.

Frequency plots

Figures 3 — 4 depict the directivity patterns in the horizontal and vertical plane for the
datasets from Table 1 that provide data for fluent speech on a continuous frequency axis.
The datasets apart from [1] were interpolated from the values given in the respective
frequency bands to a continuous frequency scale.

Balloon plots

Figure 5 — 8 visualize the directivity for the datasets providing spherical measurements
of fluent speech from Table 1. However, the expressiveness of the graphs in Figures is
limited because the graphs cannot be rotated directly as in the original Matlab plots.
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Figure 1: Polar plots in the horizontal plane for the measurements that provide
directivity patterns of fluent speech. Shown are the mean values in octave
bands with center frequencies between 250 Hz and 8 kHz ([13] only up to 4 kHz).



Leishman et al. [2] Porschmann [1]

250Hz ===500Hz =——=1kHz =—=2kHz = 4kHz 8 kHz

Figure 2: Polar plots in the vertical plane for the measurements that provide directivity
patterns of fluent speech. Shown are the mean values in octave bands with
center frequencies between 250 Hz and 8 kHz ([13] only up to 4kHz).
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Figure 3: Directivity patterns over frequency
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in the horizontal plane for the

measurements for which directivity patterns of fluent speech have been
determined up to 8 kHz ([13] only up to 4kHz).
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Figure 4: Directivity patterns over frequency in the vertical plane for the measurements
for which directivity patterns of fluent speech have been determined up to
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Figure 5: Balloon plots viewed from slightly backward and slightly upward (¢ =215°,
6=30°) for the measurements from Dunn and Farnsworth [11]. Frequencies of
250 Hz, 500 Hz, 1kHz, 2kHz, 4kHz, and 8 kHz are shown.
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Figure 6: Balloon plots viewed from slightly backward and slightly upward (¢ =215°,
6=30°) for the measurements from Chu and Warnock [16]. Frequencies of
250 Hz, 500 Hz, 1kHz, 2kHz, 4kHz, and 8 kHz are shown.
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Figure 7: Balloon plots viewed from slightly backward and slightly upward (¢ =215°,
0=30°) for the measurements from from Leishman et al. [2]. Frequencies of
250 Hz, 500 Hz, 1kHz, 2kHz, 4kHz, and 8 kHz are shown.
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Figure 8: Balloon plots viewed from slightly backward and slightly upward (¢ =215°,
0=30°) for the measurements from Porschmann [1]. Frequencies of 250 Hz,
500 Hz, 1kHz, 2kHz, 4kHz, and 8 kHz are shown.
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