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ABSTRACT

In order to render 3D audio through headphones, sounds
are spatialised using head-related transfer functions
(HRTFs), which characterise how a body modifies an
acoustic signal coming from a given spatial location to
the ear. Each individual has a specific HRTF due to dif-
ferences in terms of morphological features. Perceptual
mismatches are observed when the sounds are spatialised
using someone’s else HRTF. Ideally, the audio should
be customised to each individual using their own HRTF,
but their acoustic measurement requires time and appro-
priate facilities. Hence, past research developed tests
that allow to select an already-measured non-individual
HRTF to perceptually improves the listener’s immersion.
These tests rely on subjective and/or objective evaluations.
This contribution considers the possibility of selecting an
HRTF using spatial release from masking (SRM) and spa-
tial stream segregation (SSS) tests. An overview of the ef-
fect of HRTF choice on SRM is presented, specifically fo-
cussing on two experiments that were run to this purpose.
Other test results assessing SSS are shown. The conclu-
sion of each study supports the that the listeners are more
sensitive to the familiarity to HRTF cues rather than the
actual magnitude of such cues. The paper ends with some
suggestions for future research to further verify these find-
ings.
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1. INTRODUCTION

Sounds that are travelling to the human ear canal have
been absorbed, diffracted and reflected by several parts
of the human body. These modifications can be cap-
tured through a head-related transfer function (HRTF),
i.e., HRTFs characterise how a body modifies sound com-
ing from one spatial location to the ear. This is use-
ful when simulating realistic 3D audio scene through
headphones. However, HRTFs relie on anthropomorphic
features, which means that individuals have their own
HRTFs. Using someone else’s HRTF for the rendering can
induce perceptual mismatch. Several techniques and ap-
proaches exist to personalise HRTFs when acoustic mea-
surements are not a possibility (see [1] for extensive re-
view). One of the most employed ones consists in select-
ing a non-individual HRTF from a set of already-measured
ones [2]. Subjective tasks can consist in asking the partici-
pants to rate the quality/realism of the virtual audio scene.
Objective tasks aim at either using performances in lis-
tening tests, such as localisation accuracy, to assess the
quality of the HRTF for the listener (assuming the higher
the accuracy, the better the HRTF); or finding an HRTF
that matches the listeners’ anthropomorphic features.

The current study looks at using other protocols in-
volving spatial auditory mechanisms to select an HRTF.
The first protocol measures spatial release from mask-
ing (SRM), which is the intelligibility benefit provided
by moving the masking sound sources away from the tar-
get speech source location, and which has already been
shown to be related with HRTF choices [3]. The second
protocol assesses the ability of the listener to segregate in-
terleaved sequences of sounds into distinct streams using
spatial cues, so-called spatial stream segregation (SSS).

DOI: 10.61782/fa.2023.0540

2709



10th Convention of the European Acoustics Association
Turin, Italy • 11th – 15th September 2023 • Politecnico di Torino

2. EXPERIMENT OVERVIEW

2.1 Speech intelligibility experiments

Two experiments were designed to study the effect of
HRTF individualisation on SRM. They are inspired by ex-
periments from literature. Both experiments involved a
speech-on-speech paradigm using the coordinate response
measures (CRM) corpus, in which sentences are always
following the same structure with a call sign, colour and
digit keywords. The target call sign was always “Baron”.
The target-to-masker ratio was always at 0 dB. The first
experiment was inspired by [4] where one speech masker
was simultaneously presented with the target. The target
speaker was always different from the masking speaker,
but both had the same sex. The target and masker could
be simulated at 3 different locations: 0°, -50° and +50° of
elevation (always at 0° of Azimuth), resulting in 9 target-
masker spatial conditions. The second experiment (in-
spired by [5]) involved two speech maskers that were al-
ways simulated at the same location within a trial. The
masking speakers were always different from the target
speaker and could be from different sex. Three masker lo-
cations were also involved (0°, +45° and -45° of elevation)
but the target was always simulated at 0° of elevation, re-
sulting in 3 target-masker spatial conditions.Both studies
from the literature that are replicated here involved only
individual HRTFs and native English (N) speaker partici-
pants, while in the current experiment design we investi-
gated the effect of HRTF by also considering a mannequin
KEMAR HRTF and the effect of native language by re-
cruiting also non-native English (NN) participants.

For the first experiment, 24 NN speakers were re-
cruited at the University of Málaga (they were all native
Spanish speaker), and 16 N speakers were recruited at Im-
perial College London. The 20 participants for the sec-
ond experiment were recruited at Imperial College Lon-
don, evenly split into N and NN speaking groups.

2.2 Stream segregation experiment

A third experiment has been designed based on the ex-
periment of [6], which used a rhythmic-masking release
task to assess SSS thresholds. This task involved two
streams that were designed to play two rhythmic pat-
terns. When the streams were co-located, both patters
sounded as part of a single stream. Then the higher the
thresholds the lower the segregation ability. An adaptive
procedure was used to measure the minimum angle be-
tween the streams (by fixing one stream and moving the

other stream) required to correctly identify the two pat-
terns 50% of the time. Regarding the HRTF conditions,
the individual HRTF of the participant was used as well
as a mannequin HRTF (KEMAR) and the HRTF of an-
other individual (non-individual HRTF), always the same
for each participant. The interaural time differences (ITD)
of the non-individual and KEMAR HRTFs were modified
to match the ones of the individual’s ITD. Three spatial
conditions were considered: the streams were segregated
either along the horizontal plane (fixed stream at -10° or
-80°) or along the median plane (fixed stream at -30° el-
evation). Participants repeated twice each condition they
took part in.

Participants could take part to 1, 2 or 3 spatial condi-
tions because the motivation of this experiment was about
assessing the effect of HRTF on SSS rather than assessing
SSS at different spatial locations. Ten participants were
recruited for each condition involving horizontal plane
separation, while 15 were recruited for the median plane
condition. Participants who took part in at least 2 condi-
tions were 11, 8 of which performed the 3 conditions.

2.3 Numerical metrics analysis

In order to investigate whether the perceptual data were re-
lying on differences in spectral cues between HRTFs, two
objectives metrics were computed for a correlation anal-
ysis. The spectral distortion factor (SD) was used to as-
sess the deviation between two spectra. The computation
consisted in integrating the HRTF spectra in a logarithmic
scale (equivalent rectangular bandwidth scale) and then
assessing the root-mean-square difference between both
spectra to obtain a broadband value. To provide a binau-
ral interpretation of this monaural metric, the maximum
across ears was considered. Only spectra from the same
HRTF were compared in the computation, thus assessing
the amount of spectral cues provided by this HRTF. In ad-
dition, the better-ear SNR was also computed. The HRTF
spectra used for the computation were the same as for the
SD computation, then they were subtracted to each other,
and within each frequency band the maximum value be-
tween both ears was considered. Finally, the broadband
value was obtained by averaging the frequency-dependent
better-ear SNR. These values were then used to perform
a correlation analysis, where the differences in perceptual
data between HRTF conditions were correlated to the dif-
ferences in objective metrics. The frequency range of the
computation was from 0.2 to 20 kHz except for the better-
ear SNR in the SRM experiments, which was restricted
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to 0.1 to 10 kHz because this is the frequency range rel-
evant for speech intelligibility. For the SSS experiment,
the better-ear SNR was computed considering the fixed
stream as target. Given the spatial separation between the
streams was adapted within spatial conditions, the com-
putation of the metrics consisted in averaging the metric
values obtained at each possible stream separation.

3. RESULTS

In order to analyse the results, linear mixed-effects mod-
els were designed to describe the data and find the sig-
nificant factors and interactions. For the first experiment
assessing the effect of HRTF on SRM, the fixed effects
were target elevation, masker elevation, HRTF individu-
alisation and native language. For the second experiment
on SRM, maskers elevation, HRTF individualisation and
native language were set as fixed effects. Regarding the
experiment measuring SSS, HRTF conditions and spatial
separation were set as fixed effects. The factor listener
was set as random intercept for all the experiments.

The results of two experiments measuring SRM are
shown in Fig. 1, as a function of the target-masker ab-
solute elevation difference and HRTF conditions. SRM
scores (in percentage of correct answers) were computed
by subtracting the co-located condition scores from the
separated condition scores. The higher the SRM scores
the better the performances, therefore the more someone
can achieve intelligibility improvement by spatial sepa-
ration. The absolute difference of 45 corresponds to the
experiment involving two maskers and the other (50 and
100) correspond to the experiment with only one masker.
The blue and orange symbols refer to the data collected
with N and NN speakers, respectively. To distinguish rel-
ative separation between target and masker, upward trian-
gles are used for the conditions involving a masker above
the target (always on the left-hand side of the abscissa)
and downward triangles for the opposite set up. Note that
the highest SRM scores were measured in the second ex-
periment because there were two maskers instead of one.

Regarding the ANOVA outcomes, in the experiment
involving 1 masker the four main factors (masker loca-
tions, target location, native language and HRTF indi-
vidualisation) were significant, but no interaction was re-
ported significant. Interestingly, SRM was higher when
the sources were spatialised individual HRTFs rather than
the KEMAR HRTF. For the experiment involving two
maskers, the HRTF and masker location factors were re-
ported as significant but not the native language factor. As

for the other experiment, SRM scores were higher when
the sources were spatialised with individual HRTFs. The
factor native language was significant in experiment one
only, which might be explained by either the number of
maskers or by the proficiency in English language of NN
speakers in experiment, who were all living in the United-
Kingdom.
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Figure 1. SRM scores average across participants.
Error bars indicate standard errors.

The thresholds measured when assessing the effect of
HRTF on SSS are shown in Fig. 2. Each color represents
a tested spatial condition and abscissa shows the HRTF
conditions. The lower the thresholds, the higher the per-
formances, i.e., participants can correctly guess the pat-
tern with a smaller separation angle. The effect of HRTFs
seems to be more pronounced for the median plane condi-
tion rather than in the two horizontal plane ones. This
was confirmed by the ANOVA, the HRTF and spatial
separation factors were significant as well as the interac-
tion between both factors. A pairwise comparison with
a Bonferroni correction reveals significant differences in
HRTF conditions only for the separation along the me-
dian plane. Individual HRTF threshold was 6.1° higher
(i.e., worse) than KEMAR HRTF threshold; the latter be-
ing 9.9° higher than non-individual HRTF. Moreover, for
the Individual and KEMAR HRTFs the three spatial con-
ditions were significantly different while only the differ-
ence between the Horizontal/-10◦ and Median conditions
was found significant for the non-individual HRTF.

No correlation was significant in any of the SRM ex-
periments. For the experiment measuring SSS, the hor-
izontal plane conditions were discarded from the corre-
lation analysis because no significant differences were
found between HRTFs. The correlations considering in-
dividual and non individual HRTFs were significant (r =
−0.63, p = 0.01 for SD; r = 0.61, p = 0.02 for better-ear
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Figure 2. Segregation thresholds as function of the
spatial separation and HRTF conditions. Error bars
indicate standard errors.

SNR) as well as the correlation comparing Individual and
KEMAR HRTFs and considering SD as objective metric
(r = −0.55, p = 0.03).

4. DISCUSSION AND CONCLUSION

The effect of HRTFs seems to have different (even op-
posite) behaviours according to the auditory mechanism
being assessed, especially in the median plane. In the
SRM experiments, performances were better with indi-
vidual HRTFs, while for the SSS experiment the non-
individual and KEMAR HRTFs led to better performances
due to their larger spectral cues. The subjective/numerical
correlation analysis confirms these opposite behaviours.
On one side, the absence of correlation for the SRM ex-
periments suggest that participants relied on something
else rather than the magnitude of the spectral cues. On
the other side, the participants involved in the SSS exper-
iment performed better with the non-individual and KE-
MAR HRTFs because these provided more spectral cues,
as shown by the significant correlations. It is quite unclear
why this opposite behaviours are observed between SRM
and SSS, meaning that further investigations are required.
Note that this opposite behaviour can be due to differences
in the test designs (e.g., ITD individualisation, speech vs
white noise bursts, etc).

To conclude, the SRM protocol seems to be more sen-
sitive to HRTF choice rather than the SSS protocol, espe-
cially having a prior knowledge of the HRTF spectral cues
was rather relevant for SRM but not for SSS, and this was
particularly evident in the median plane. However, the

SSS protocol shows some threshold differences between
non-individual HRTF and KEMAR HRTF that cannot be
explained by spectral cues, which means that the proto-
col might still be relevant for selecting a best/worst fitting
HRTF from a database. Further investigation are required
to strengthen these conclusions; specifically, it is yet un-
clear whether better SRM and SSS performances in the
experiments are somehow related with a better realism of
the rendered audio scene.
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