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Elevation perception is crucial for binaural reproduction. A recent
study proposed an elevation control method by modifying the energy
of HRTFs In each auditory scale subband, such as the ERB and Mel
subband. However, this subband division Is designed based on
auditory excitation patterns and may not be consistent with the
elevation localization cues. To this end, this study proposes a nove
subband division strategy which emphasizes the physiologica
Information involved In elevation localization based on a statistica
analysis of the HRTF. Then, the elevation controlled HRTFs are
constructed by modifying the energy of the HRTF magnitudes in each
subband. Results of the listening test demonstrate that our method
with the proposed subband division strategy outperforms the method
with ERB scale subdivision in terms of the accuracy for controlling
the perceived elevation of sound image.
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® By modifying the subband energies of HRTFs, the perceived elevation | | | encoded In corresponding frequency
angle of the transfer function could be changed. Mathematically, it can _ Figure.3 F-ratio calculated by HRTFs in CIPIC database. | ranges.
be expressed as,

| Experimental evaluations

> Goal

« Evaluating the localization performance of the elevation control method
based on the proposed non-uniform subband filters.

» Method

« Two methods were compared In the experiment. One is the non-uniform
subband filters for band energy calculation which is denoted as NUSF (non-
uniform subband filters). The other one based on the excitation patterns in
human auditory system which is denoted as EPSF (excitation patterns based
subband filters);

* Fifteen young adults (twelve males and three females) with normal hearing
sensitivity served in the experiment;

* The elevation control rules were learned from HRTFs in the CIPIC database;

« Stimuli: a 250-ms Gaussian noise (44.1kHz, 200Hz~18kHz);

* Directions for testing: 13 directions (—45°:11.25°:90°) In the frontal median

The Fisher's F-ratio which is widely used for feature extraction of pattern
recognition is adopted In this study The F-ratio used here is defined by,

MZ 1(ul )2

MlNZ L2 _“)2
j

where x; Is the magnitude spectra of the jth subject in the database of
elevation i with j=12,N and i=12,-M. u; and u are the
magnitude spectra averages for elevation i and for all selected
elevation, respectively, which are defined by,
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The F-ratio represents the Inter-
elevation variance to Intra-elevation
variance. The larger score of F-ratio
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> Result

* The results shows that most of the responses of both methods are distributed
near the diagonal line, demonstrating the feasibility of the subband energy
modification method for elevation control. Further observation reveals that the
proposed NUSF-based method performs better than the EPSF-based
method, especially at elevation of -45°, -22.5°, 67.5° and 90°.
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® The non-uniform subband filters based on spectral weighting

The proposed non-uniform subband

’ "' 1 ' filters shows high resolution in
ii' ‘ . frequency regions which encode more
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Figure.5 The sound localization results of two methods.
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Table 1. Averaged localization errors for 13 test directions
Method Error ()

Target elevation -45 -33.75 -22.5 -11.25 0 11.25 225 3375 45 56.25  67.5 785 90
EPSF-based method 36.17 29.60 23.60 20.54 14.20 16.47 23.37 1894 20.30 20.76 2397 19.77 27.89
NUSF-based method 31.87 29.01 15.09 17.98 12.68 1676 1790 17.60 18.66 13.28 1295 15.28 13.21

® In order to control the perceived elevation of sound image, the energies
of original HRTF in subbands b4, b,, bs, -, b,, are boosted or attenuated.

elevation information.
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Flgure 4 The non-uniform subband filters based on F-ratio.

efficient elevation control for spatial audio and applications in VR audio.
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Figure.2 Subband division strategy by Karapetyan et al. [2].
Frequency spectrum is divided into 24 regions based on a
24 channels Mel filter bank.

Figure.l Subband division strategy by Tan
et al. [1]. Frequency spectrum is divided
into five regions.

A, ={aogn a1n ', agn} - the polynomial regression coefficients;
K: the order of polynomial regression.
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