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Introduction

Differences between sets of measured or approximated
head-related transfer functions (HRTFs) may impact the
auditory realism achieved in binaural rendering [1]. Dif-
ferent perceptual aspects in terms of localization, col-
oration or artifacts can be altered by the presence of non-
individual auditory cues in generic datasets or by the loss
of spectral detail inherent to individualization methods.
For direct comparison and evaluation of HRTF accuracy,
various metrics have been previously implemented.The
goal of the present work is to understand how these met-
rics react to spectral alterations, as well as to observe
their interrelation in different scenarios. As audibility
cannot be sufficiently predicted by a single metric, the
observations can help define a higher-level metric suited
for this purpose.

Methodology

Seven distance metrics were chosen, the properties of
which are visualized in Figure 1. The mean squared er-
ror (MSE), the critical-band mean squared error (CB)
[2], and the mel-frequency cepstral distortion (MFCD) [3]
rely on mean squared error calculation at different spec-
tral resolutions. On the other hand, the inter-subject
spectral difference (ISSD) [4] and loudness level spec-
tral error (LLSE, based on [5]) capture a deformation in
spectra by means of standard deviation calculation. Fur-
thermore, a correlation difference (CD) [6] and a power
difference (PD) were included to account for phase infor-
mation and overall level gains, respectively.

These metrics were used on 20 measured HRTF sets from
the ITA HRTF database (ID 1- 20) [7], limited to el-
evation angles between ±45◦, as well as on approxima-
tions of the spectra, acquired using Principal Component
(PC) reconstruction with ideal PC scores and additional
score estimates based on anthropometric features {‘h’,
‘d2’, ‘d3’, ‘d6’, ‘d7’, ‘d8’} [8], as defined in the database.
This resulted in three datasets: ‘measured’, ‘idealPCA’,
and ‘anthroPCA’ HRTFs. Comparisons were, on the
one hand, performed between the datasets, on magni-
tude spectra belonging to the same participant (intra-
individual error), and, on the other hand, within each
dataset, respectively, contrasting HRTFs of participant
ID 1 with IDs 2 to 20 (inter-individual error). Pearson
Correlation was applied to examine metric behavior given
different levels of detail loss and changes in spectral cues.

Results

In Figure 2, inter-individual errors within the ’measured’
dataset (a) and intra-individual differences between the

Figure 1: Categorization of HRTF distance metrics. Differ-
ent behavior is expected based on the main arithmetic oper-
ation performed, the frequency resolution, and whether per-
ceptual properties of the auditory system are considered.

’measured’ and ’idealPCA’ datasets (b) are visualized.
These two comparisons were selected since they show the
least similar metric behavior. In the (top) sub-figures,
the values are normalized by the 99th percentile of the re-
spective metrics. A difference between measured HRTFs
of two different participants is likely captured by most
metrics, since the spectra possess different, and further-
more highly detailed, cues. An approximation of the
measurements via PCs and ideal scores leads to smallest
values for most metrics. LLSE and CD values seem well-
suited for detecting peak and notch smoothing, a com-
mon aspect of detail loss in thus reconstructed HRTFs.

Further estimating the PC scores via anthropometric
features introduces a rise in the remaining metrics,
which dominates the overall error of the individualization
method in its typical use, i.e. when only anthropometric
features are known for the target listener.

Pearson correlation coefficients r (p < 0.05) were cal-
culated after a logarithmic transform of the input data,
counteracting the initial skewness. Correlation patterns
show strong variations between the two presented cases.
Common trends lie in moderate to strong correlation of
MSE with CB, and a weak to moderate correlation be-
tween CD and standard deviation-based metrics, espe-
cially LLSE. The moderate to strong correlation between
power difference PD and squared error-based metrics,
visible in (a), seems to be persistent for most cases, also
the ones not depicted in the figure, however, not for the
one selected intra-individual comparison case (b).

Conclusion

In this work, selected distance metrics were used on
measured and PC-reconstructed HRTF datasets, assess-
ing inter- and intra-individual differences between HRTF
spectra. Metric behavior showed strong case depen-
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Figure 2: (a) Inter-individual error behavior within the
’measured’ dataset and (b) intra-individual error behavior be-
tween the ’measured’ vs. ’anthroPCA’ datasets. Larger errors
can be observed for generic HRTF comparison, while the met-
rics LLSE and CD react most strongly to the peak and notch
smoothing caused by PC reconstruction.

dency with regards to the respective value ranges and
correlation. Particular spectral deviations were shown
to prompt a reaction of specific distance metrics, while
the values of other metrics remain unaffected. Further-
more, differences between correlation patterns indicate
that pairs of metrics should not be dismissed as redun-
dant, as the specific information of each may point to a
particular property of the compared spectra. It can be
inferred that a proper description of spectral deviations
benefits from the interaction of different distance metrics.
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