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The directivity of the human voice has been studied since the early twentieth century using
different measurement systems with progressively higher spatial resolution. Artificial heads
and mouths have been used because of their ability to repeat a given sound production, hence
allowing sequential measurements of directivity with a reduced number of microphones and
still achieving high spatial resolution. Unlike most artificial heads, whose external geometry
is abstracted, this study uses a custom 3D-printed head with detailed geometry and three
different mouth openings, all based on 3D scans from magnetic resonance imaging data. The
impulse response measurements were performed using a 3D robotic arm, resulting in directivity
data with 5◦ resolution in both azimuth and elevation. The measured directivity patterns are
consistent with previous research on energy distribution in space over angles (azimuth and
elevation) and frequency, with a higher spatial resolution and for different mouth shapes. The
resulting data set is made available in several standardized file formats to facilitate accurate
voice directivity simulations in virtual acoustic environments.

Keywords: human voice, directivity measurement, artifi-
cial head, mouth simulator

1 INTRODUCTION

Artificial heads are not only used as sound receivers to
emulate the directivity of the human head and pinna up to a
reference point in the ear canal, they can also be augmented
with a mouth opening and a loudspeaker to approximate
the source directivity of the human voice. Such artificial
heads have been developed in the industry with simpli-
fied head geometries (e.g., Brüel & Kjær [B&K] 4128 and
4230, Head Acoustics HMS II) or with more specific facial
details (KEMAR developed by Knowles Electronics, man-
ufactured by GRAS) and in different research laboratories.
Some of these heads comply with the geometric and elec-
troacoustic specifications related to head-and-torso simula-
tors for measurements in telephonometry [1]. Another one
used a more detailed (i.e., less abstracted) head geometry

*To whom correspondence should be addressed: paul.luizard@tu-
berlin.de

and combines a midrange loudspeaker with two woofers in
a bass-reflex design with a crossover frequency of 150 Hz
to allow the head to produce sound down to 50 Hz [2].
Developed at the Institute of Technical Acoustics (ITA) in
Aachen, Germany, this head is referred to as the ITA head.

Several studies have compared the directional charac-
teristics of these artificial head-and-mouth simulators with
those of human voices. The directivity of a B&K 4230
head and a custom head from the University of Parma were
measured in the horizontal plane and compared with the
same measurements on a human being [3]. The results pre-
sented between 250 Hz and 2 kHz show that the human
voice has a slightly higher directionality than both artifi-
cial heads. Another study has compared the directivity of
three artificial heads (HMS-II, the ITA head, and a B&K
head) not only to the human voice but also to that of a
small-diaphragm full-range loudspeaker as recommended
in International Organization for Standardization 60268-16
for measuring the Speech Transmission Index [4]. Here, it
was shown that these loudspeakers have a higher direction-
ality above 800 Hz than both humans and artificial heads
[5].
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Research into the spatial characteristics of the human
voice has also addressed the question of the influence of
the different mouth configurations that occur with different
spoken phonemes on the directivity of the voice. A study
of four different mouth geometries of an artificial head [6]
based on a commercial head geometry (B&K 4128C HATS)
has shown that, as expected, the larger the mouth aperture is
the more directional the human voice will be above 500 Hz,
whereas a smaller aperture yields much less directionality
at higher frequencies. Similar results were obtained, al-
though measured only through transfer functions between
a point on the axis in front of the mouth and another one on
the cheek, for three different mouth sizes [7]. With another
head-and-torso simulator, including different vocal tracts
and mouth shapes, designed as two spheres for the head
and the torso, it was shown that the lips increase the direc-
tionality of the voice above 5 kHz and that the mouth shape
related to different phonemes changes the directionality,
mostly in the octave bands centered around 2 and 4 kHz
[8].

The effect of head-above-torso orientation has also been
studied, not only for the receiver characteristics of human
ears [9] but also for the source directivity of the human
voice, using an artificial KEMAR head [10]. The results
showed that the global difference in sound pressure level
(SPL) between the frontal and other head orientations in-
creases largely linearly with frequency, from 1 dB to 5 dB
from 10◦ to 90◦ head orientation.

Most of these studies used heads with unrealistic faces,
skipping face details that could, however, influence the di-
rectivity. Additionally, the results are given in terms of
directivity patterns in specific planes, generally in octave
bands. Hence, although these results give important insight
into issues related to voice directivity, they do not provide
continuous data across frequency and are not based on a
realistic, detailed head geometry. This is what the present
study intends to provide. As an example of the benefits
yielded by a detailed artificial head, a previous comparison
of a human talker and two artificial heads (the commer-
cial Head Acoustics HMS II and the Norman head of the
present article with the three mouth shapes) showed that
the directivity diagrams in the horizontal plane and the di-
rectivity index across frequency of the detailed head was
globally closer to the human data [11]. Hence, details of
the head, as opposed to simplified head geometry, seem to
play a non-negligible role in directivity accuracy.

This present paper describes the construction of an artifi-
cial head based on 3D scans of a human head and torso. This
geometry was previously used to build the Fast and Auto-
matic Binaural Impulse Response Acquisition (FABIAN)
artificial head [12], which is well documented and has been
involved in a number of scientific studies in the field of hu-
man spatial hearing [13–15]. Three different realistic mouth
shapes were incorporated into this head, yielding three data
sets corresponding to the most different vowels /a/, /i/, and
/u/ at the edges of the vowel diagram [16]. The measure-
ments were performed with a high spatial resolution of 5◦

in azimuth and elevation. The obtained directivity data are
presented as directivity maps against frequency, and the

measured impulse responses are provided in different file
formats for effective use by the community.

It is noted that this study considers three vowels specifi-
cally because only voiced phonemes can be produced with
this artificial head, not plosive consonants for example. And
it was decided to keep phonemes for which the mouth is
open; therefore, no nasal consonants were considered. As
for fricative consonants, their directivity differs essentially
from vowels because of their spectral content (much higher
than those of vowels), but the geometry of the face does not
change much. Hence, the three most different vowels were
considered, which covers a quite large aspect of speech.

2 HEAD CONSTRUCTION

The detailed aspect of the head is achieved by using both
molding of a real person’s face and magnetic resonance
imaging scans of mouths and vocal tracts as a basis for
its design. On the one hand, the FABIAN head geometry
was chosen because it provides a morphologically authentic
human head [12]. On the other hand, the mouth geometry
for each vowel was chosen from the data set of mouths
and vocal tracts [17] from Aalto University. A detailed
description of the head design and construction, including
diverse versions that were eventually not chosen, can be
found in a master’s thesis [18], and a shorter description
was presented in a conference [19].

2.1 Digital Design
The 3D meshes were created and developed using the

Blender software. For each vowel, the meshes of FABIAN
and the corresponding mouth were blended together, re-
sulting in a specific external head shape. To account for a
series of constraints, such as the loudspeaker located inside
the final head, the space for its cables (power supply and
audio signal), and the screws that hold the whole structure
together, the head had to be divided into several parts. The
final version could then be assembled with only one part to
be changed between measurements: the sliding mouth and
chin, fixed by two screws. The shoulders were separated
from the torso so that the whole system can be stored in a
compact case.

Exploded views of the head and its various parts can be
seen in ([19], Fig. 1). Note that tapered pins and holes have
been included in the 3D model of each part so that they
can be connected in the desired position and screwed to the
5-mm-thick aluminum plate under the torso.

2.2 Practical Construction
Selective laser sintering was used as the 3D printing

method [20]. A laser selectively sinters the particles of a
polymer powder, fusing them together and building a part
layer by layer. The different parts were lightly sanded as
needed, depending on how well they fit together. It is noted
that the parts are designed as hollow forms to reduce the
weight of the whole structure. Only the shoulders are made
of full material. The assembled head with the three different
mouth parts can be seen in Fig. 1. The compact active
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Fig. 1. Photographs of the head with its loudspeaker and the three
mouth geometries: /u/, /i/, and /a/ (top to bottom). These also
appear in [19].

loudspeaker (B&K 4227A1) was placed in the special cavity
that was designed as a tight fit around the loudspeaker,
except in front of it, toward the mouth opening.

The frequency responses of the loudspeaker alone and
of the artificial head with the different mouths are shown
in Fig. 2, where the signals are normalized by the highest
value of magnitude spectra at 1 kHz. First (a) shows the
frequency response as measured all together, and then (b)
shows the signals obtained with the mouths, equalized by
the response of the loudspeaker alone (i.e., without any ele-
ment of the head around it), allowing for a direct estimation
of the influence of each mouth. The loudspeaker has a trans-
mission range from 100 Hz to 15 kHz, where the sensitivity
does not drop by more than about 20 dB from the maximum
[see Fig. 2(a)]. The frequency response of the loudspeaker
alone shows the highest amplitude and a somewhat nonflat
response [graph in Fig. 2(a)]. The latter was further used
as a reference to equalize the measured signals when the
upper part of the head and each mouth shape was mounted
around the loudspeaker. The obtained frequency responses
[see the Fig. 2(b)] show the effect of each mouth geometry
on the emitted sound, including peaks and notches.

The responses with the head structure mounted around
the loudspeaker show more peaks and notches at frequen-
cies higher than 1 kHz, resulting in variations of about 25 dB
for /a/, 20 dB for /i/, and 30 dB for /u/ in the range 500 Hz
to 10 kHz. The specific effect of each mouth on the sound
radiated in front of the head and behind it (dashed lines)
can be seen in the bottom graph of Fig. 2(b). These are due
to the resonances that occur in the three different small cav-
ities created by the mouth shapes between the loudspeaker
and the printed inner surface around the mouth.

1 https://media.hbkworld.com/m/d1646a18a2331b72/original/
Mouth-Simulator-Types-4227-and-4227-A.pdf

In terms of directivity, however, it is not necessary to
compensate for this change in amplitude over frequency
because the interest here is in the directivity induced by each
mouth shape, which is normalized in amplitude with respect
to the frontal direction in each frequency band considered.

It should be noted that the sound level obtained on aver-
age between 100 Hz and 10 kHz with the /a/ and /i/ mouths
are comparable, 5 dB below the loudspeaker alone, whereas
the /u/ mouth yielded sound levels about 5 dB lower than
the other mouths. This is probably due to the size of the
mouth opening, as can be seen in Fig. 1, which is smaller
for /u/, causing a higher radiation impedance and thus less
sound energy propagating outside the head. Otherwise, the
recorded sound levels above 10 kHz are comparable for the
three mouths.

3 MEASUREMENT

3.1 Setup
The measurements took place at the Institute for Acous-

tics and Audio Techniques in Aachen, Germany. In a class
1 semi-anechoic chamber with a limit frequency of 100 Hz,
the artificial head was attached to a 3D robotic arm2 with
motors enabling controlled rotations along two orthogonal
axes (i.e., the phi [azimuth] and theta [elevation] angles with
a precision of 1◦. The measurements were carried out with
an equiangular resolution of 5◦ in azimuth and elevation,
resulting in 2,522 measurement points. It should be noted
that this measurement system is based on the so-called
frontal convention3 (i.e., the obtained sphere of measure-
ment points has a pole in front of the source and the other
behind it, not above and below as classically represented in
the elevation convention). The head was positioned so that
the mouth aperture was at the center of the sphere induced
by the movements of the robotic arm because it was consid-
ered to be the acoustic center of the sound source. A class
1 microphone (GRAS one-quarter-inch 46BF microphone
with preamplifier) connected to an amplifier (B&K 2610)
was located on the floor 8 m away from the head.

By approximating the radiating mouth as a rigid circular
piston and assuming that far-field conditions for directivity
measurements are given for λ � d2/r, where d is the diam-
eter of the piston and r is the distance from the source [21],
far-field conditions were obtained for all frequencies in the
audible range.

The signal from the microphone was collected through a
sound interface (RME Multiface HDSP). The whole mea-
surement system, including the robotic arm, was controlled
by the WinMF software (Four Audio, GmbH), so that the
series of 2,522 points could be measured in one run.

3.2 Measured Data
At each orientation (φi, θj), an exponential sine sweep

(20 Hz–20 kHz) of 5 s duration, was played by the loud-

2 https://www.four-audio.com/en/products/elf/
3 https://pyfar.readthedocs.io/en/latest/classes/pyfar.coordinat

es.html
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Fig. 2. The magnitude spectrum in decibels is computed from the recorded impulse responses at the front and rear of the source (solid
and dashed lines, respectively). This is shown for three mouth shapes (/a/, /i/, and /u/) of the artificial head under investigation and for
the loudspeaker alone and for noise (a). In (b) the graph shows the magnitude spectrum of the three mouth shapes normalized by the
loudspeaker’s spectrum, at each frequency bin.

speaker located inside the head and recorded by the micro-
phone at a sampling rate of 48 kHz with a resolution of 24
bits. The amplifier and recording setup remained identical
for the 3 mouths. After a series of 2,522 points, which took
about 4 h, the mouth was changed and another measure-
ment run was performed. The obtained impulse responses
were stored as synology package files individually for each
orientation.

4 DATA PROCESSING

4.1 Impulse Responses
The measured impulse responses were all band-pass fil-

tered between 60 Hz and 20 kHz and truncated to remove
residual noise while preserving the relevant energy informa-
tion, with a final duration of about 90 ms. A representation
of the data is given in Fig. 3 as a map of the root mean square
(RMS) level at each orientation in both azimuth and ele-
vation, covering the entire recorded frequency bandwidth.
The global trend is the same for all vowels (i.e., a concen-
tration of sound energy in front of the head) between −40◦

and 40◦ in azimuth, and slightly downward, between −70◦

and 20◦ in elevation. However, there are differences, espe-
cially for the /u/ vowel. The global level is slightly lower,
and the frontal energy is divided into two parts, one around
0◦ in azimuth and elevation and the other lower, around
−50◦ in elevation. In contrast, the frontal energy for the
other vowels is more uniform. In terms of vertical direc-
tion, /i/ seems to be more directive than /a/, whose energy
is more diffuse downward. This may be due to the shapes
of the mouths, which can be seen in Fig. 1. Although /i/

is similarly open in both horizontal and vertical directions,
sending energy mostly in the lower frontal direction due
to the position of the mouth opening on the head, /a/ has
a slightly larger aperture horizontally than vertically. This
could increase diffraction in the vertical direction, favoring
energy dispersion in that direction.

4.2 Sound Spectra
Sound spectra were computed from the impulse re-

sponses over their full length at each head orientation (i.e.,
every 5◦). Fig. 4 illustrates the evolution of the SPL mea-
sured in the horizontal and vertical planes versus frequency.
In both planes, the sound levels are quite uniform below
about 1 kHz. Above 1 kHz, there are clear differences be-
tween mouth shapes. Large interference patterns can be
observed in the high-frequency range, symmetrical with re-
spect to 0◦ in the horizontal plane and nonsymmetrical in
the vertical plane.

Regarding the different vowels, it seems that the general
patterns of /a/ and /i/ are quite similar compared with /u/ in
both horizontal and vertical planes. The latter shows more
asymmetry between the left and right sides at 1 kHz. Polar
directivity diagrams of these data appear in ([19], Fig. 4)
where vowels /a/ and /i/ show lateral lobes in the 2 and 4 kHz
octave bands, whereas /u/ has a more omnidirectional be-
havior in the horizontal plane. At higher frequency, in the
octave band 8 kHz, the frontal region presents stronger di-
rectivity for /a/ than for /i/ and /u/, probably because of the
larger aperture of the /a/ mouth. In the vertical plane, sim-
ilar trends can be observed, where vowel /u/ has generally
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Fig. 3. RMS level map in decibels for the three vowels at all elevations and azimuth angles. The amplitude is normalized to 0 dB based
on the maximum RMS level of each vowel.

weaker directivity from 2 kHz and above than the two other
vowels.

It also appears that certain specific frequency ranges
carry more energy than others (e.g., around 3 kHz for the
vowel /a/). This could be due to resonances that occur in
the oral cavity associated with each vowel, similar to reso-
nances in a vocal tract. However, because the shape of these
cavities is not physiologically valid, these resonances occur
at random frequencies and are not related to the formants
of each vowel [16]. Because the volume where the loud-
speaker is located is very small, adjusted to the loudspeaker,
it is impossible to add a damping material that would lower
these resonances. However, they do not alter the directivity
information because the data are normalized to 0◦, and the
relevant interference patterns across angles are still visible.

This is confirmed by the signal-to-noise ratio (SNR) val-
ues of the sound radiated in front of the head that are above
20 dB up to 12 kHz (see the difference between the signals
and the noise level in Fig. 2), which means that the data
present a dynamic range large enough to get information of
directivity up to this frequency. Even behind the head, the
SNR values above 20 dB up to 15 kHz for /a/ and /i/ and
above 10 dB up to 3 kHz for /u/ allow one to analyze the
directivity of this sound source.

The influence of technical components (i.e., the loud-
speaker) can be compensated for by weighting the nor-
malized directivity according to the timbre of real human
voices. For this purpose, each of the three directivity pat-
terns measured with the different mouth shapes was nor-
malized to the frontal radiation pattern and then equalized
with the spectral envelope of the corresponding human
vowels recorded in the frontal direction. As a result, the
radiation characteristics in the frontal direction for the re-
spective vowels examined by the artificial head have an
identical frequency response to the sound radiation of a hu-
man speaker. The weighted directivities are shown in Fig. 5,
where the formants typical of each vowel appear, contrary
to the unequalized data shown in Fig. 4.

4.3 Error Analysis
To evaluate the difference in sound radiation between an

artificial head and a human head, it is useful to consider the
radiated sound power. To this end, the directivities were av-
eraged in octave frequency bands according to International
Electrotechnical Commission 61260-1 [22] and equalized

Fig. 4. Map of the SPL in decibels in the horizontal (a) and vertical median plane (b) at all angles and frequencies for the three vowels.
The amplitude is normalized to 0 dB based on the maximum SPL level of each vowel and plane.
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Fig. 5. Map of the SPL in decibels equalized by the vowels of a human speaker in the horizontal (a) and vertical median plane (b) at all
angles and frequencies. The amplitude is normalized to 0 dB based on the maximum SPL level of each vowel and plane.

so that they emit the same amount of energy in all directions
within each band (i.e., to

p̄diff,q,m = p̄q,m√∑Q
q=1 p̄2

q,m · w′
q

, (1)

where p̄q,m corresponds to the octave band-averaged sound
pressure for the Q sampling points of the measurement
grid with q ∈ {1, 2, ..., Q}, whereas m are the center
frequencies of the octave bands with m ∈ {1, 2, ..., M},
M = 10, and w′

q are the normalized area weights of the
measurement grid with

∑
w′

q = 1). This representation of
the radiation patterns is called diffuse equalization in the
following.

The relative error in radiated sound power �m can be
calculated as the summed area weighted relative differences
of the squared sound pressures of artificial head p̄diff A,q,m

and the reference, the human head p̄diff H,q,m , related to
the summed area weighted squared sound pressure of the
reference:

�m =
∑Q

q=1

∣∣∣ p̄2
diff A,q,m − p̄2

diff H,q,m

∣∣∣ · w′
q

∑Q
q=1 p̄2

diff H,q,m · w′
q

. (2)

Note that an error of �m = 0.5 states that the artificial
head emits 50% of the sound power in incorrect directions,
whereas a value of �m = 0 shows that the radiation pattern
of the artificial head fully matches the reference.

The global error measure for the artificial head is shown
in Fig. 6.

5 DISCUSSION

Comparing this measured data to previously published
research can be made regarding two axes: other artificial
heads and measurements performed with human voice. The
specificity of the present head is that its mouth shapes cor-
respond to three different vowels, which is not the case of
most heads used in previous research. The horizontal direc-

tivity of a commercial artificial head (Head Acoustics HMS
II), the present Norman head, and a human who repeated
the vowels several times (referred to as Averaged Speaker)
were measured in the horizontal plane [11]. As illustrated
in Fig. 6, the first row (a) shows the directivity patterns
for vowel /i/ in three octave bands. It appears that the two
artificial heads present similar results, whereas the average
human speaker is slightly different, and the global patterns
are still retrieved by the artificial heads.

The second row (b) shows the values of the error quanti-
fier described in SEC. 4.3, which computes the distance to
the human speaker. It appears that, depending on the octave
bands, each artificial head obtained a lower error, suggest-
ing that none of them were more suited than the other to
this particular human speaker. Further comparisons over a
larger set of talkers, including various genders and ages
should be run to assess whether the mouth shape specific to
different vowels provides directivity patterns more related
to certain people than the abstracted artificial head.

One of the few previous studies that investigated voice
directivity by including different arbitrary mouth sizes of a
simplified artificial head performed measurements of trans-
fer functions in the near field between a point on the hor-
izontal axis facing the mouth and another one along the
cheek of the manikin [7]. It appeared that the larger the
mouth opening, the higher the sound level projected in front
of the head, which is confirmed by the measurements of the
present paper. Unfortunately no angle-dependent measure-
ment was then performed.

The directivity maps presented in Fig. 4 show specific
interference patterns that were already observed in artificial
head measurements [23–25, 8]. However, measurements of
voice directivity of human talkers showed that the directiv-
ity patterns differ with the pronounced phoneme [26, 27],
and the different mouth shapes of the present artificial head
yield directivity patterns closer to the actual behavior of
human voice directivity [11]. In particular, in the frequency
region where most acoustic energy is produced in vow-
els (300 Hz–2 kHz), the main characteristics of the three
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Fig. 6. Diffusely equalized polar patterns according to Eq. (1) of horizontal radiation of average /i/ for the human talker, /i/ for the
Norman head, and the general HMS head, in three octave bands (a). The global error measure � over all radiation directions in the
horizontal plane between the Norman head and a human talker for the vowels /a/, /i/, and /u/ and between the HMS head and the human
talker (b).

vowels are comparable to the most comprehensive (various
phonemes and talkers measured in 3D) measurements of
human talkers to date (see Fig. 4 of [27]; i.e., the energy of
/u/ is very much localized around 1 kHz, the energy level of
/i/ is high, up to 2 kHz, and the energy of /a/ is more diffuse
across angles). In line with most previous research [28], the
energy is globally projected downward in the vertical plane
(Fig. 3).

A major limitation of this artificial head is the absence of
a physiologically valid vocal tract between the loudspeaker
and the mouth opening. In fact, the small cavity that is spe-
cific to each mouth shape has an influence on the tonal color
(i.e., sound spectrum) of the emitted sound, as illustrated in
Fig. 2. As mentioned in SEC. 4.2, this coloration is rather
arbitrary and does not correspond to the formants of each
vowel, although it is noted that the directivity of this head is
not affected by the different spectra, provided that the SNR
is sufficiently high.

A solution to overcome this issue is to apply an equal-
ization across frequency so that each of the three vowels
would present a typical spectrum with regular formants in
front of the head. Then in other directions, the influence
of the head geometry modifies this typical spectrum ac-
cording to the directivity of this sound source. Applying
such a filter yields the directivity maps in Fig. 5, where the
specific formants of each vowel clearly appear. This shows
that the present artificial head, in addition to the analysis of
the human voice directivity, can also be used to synthesize
specific vowels, including their precise spatial character-
istics, for instance, in the context of virtual spatial audio
environments.

6 FILE FORMATS OF THE AVAILABLE DATA

The available data cover the two points of the presented
results, namely impulse responses and frequency responses
in each orientation around the head and for each vowel.
Several file formats are proposed, all standardized. Two of
them are open source and another one is proprietary. This
data is available through the link provided in the Appendix
A.1.

6.1 Spatially Oriented Format for Acoustics
The data were stored in spatially oriented format for

acoustics (SOFA) [29] using the Sofar package of the Py-
far suite [30]. For each vowel, the 2,522 temporal impulse
responses and the corresponding complex frequency re-
sponses were stored in two separate SOFA files. The SOFA
conventions4 used were GeneralFIR and FreeFieldDirec-
tivityTF, respectively. In all cases, the azimuth and eleva-
tion angles and the sampling rate, the frequency vector, and
other information were included.

SOFA files are composed of many fields of metadata,
such as the measurement environment, application pro-
gramming interface used to implement the files, azimuth,
elevation, distance to the source in the field (ReceiverPo-
sition) in spherical coordinates, or the title and a short de-
scription of the file contents. For the time data, the field
Data contains the impulse responses with dimensions M ×
R × N, where M = 1, R = 2,522 (receivers), and N = 3,744

4 https://www.sofaconventions.org/mediawiki/index.php/SOFA
_conventions
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(time bins). For the frequency data, the Data field contains
the real and imaginary parts of the complex frequency re-
sponses separately. Each of these subfields has dimensions
M × R × N, where M = 1, R = 2,522 (receivers), and
N = 1,873 (frequency bins). The corresponding frequency
vector is the field N at the same level as Data in the SOFA
file.

6.2 Open Directional Audio File Format
The open directional audio file format (openDAFF) [31]

is open-source and dedicated to directional audio con-
tent such as the directivity of sound sources. For each
vowel, two files are proposed: one containing the 2,522
time impulse responses and the other the corresponding
frequency responses averaged over one-third octave bands.
The openDAFF is used in the acoustic simulation environ-
ment RAVEN [32] to carry the spatial characteristics of
simulated sound sources. The files were generated from the
measured impulse responses using the ITA toolbox [33] and
AKTools [34] in MATLAB.

6.3 Generic Loudspeaker Library
The final format used to store the data is the Generic

Loudspeaker Library (GLL), a proprietary format adapted
to the EASE5 acoustic simulation environment. The 2,522
impulse responses are stored for each of the three vowels,
resulting in three different files. Other file formats such
as the Common Loudspeaker Format/Common Instrument
Format format (used by the acoustic simulation environ-
ments ODEON6 and CATT-Acoustics7 ) can be derived
using AFMG’s SpeakerLab Pro software.8

7 CONCLUSION

The data presented are a collection of impulse responses
produced by an artificial head with a detailed shape and
three different mouths corresponding to the three vowels
/a/, /i/, and /u/. The measurements were performed in ane-
choic conditions, with a 3D arm rotating the artificial head
around its mouth in 5◦ steps in both azimuth and eleva-
tion, resulting in the highest-resolution (5◦ resolution in
azimuth and elevation) and most complete (three vowels)
voice directivity data set published to date. It is available
in the form of time impulse responses and their complex
frequency responses in several standardized file formats,
namely SOFA, DAFF, and GLL. They can be used in virtual
acoustic environments for speech simulation and for speech
intelligibility and quality studies in various fields, such as
architectural design or speech transmission evaluation (e.g.,
in telecommunications, gaming, or museography). If only
one vowel of the present data set has to be chosen to repre-
sent an average voice production, it is recommended to use

5 https://www.afmg.eu/en/ease
6 https://odeon.dk
7 https://www.catt.se
8 https://www.afmg.eu/en/ease-speakerlab-pro

the vowel /i/ because its aperture is a kind of compromise
between the large /a/ and the very small /u/.
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A.1 APPENDIX

The files described in this article are accessible under the
link https://doi.org/10.14279/depositonce-22511 and can
be used under Creative Commons CC BY-NC-SA 4.0 li-
cense.
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