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vealed in this study, distorted spectra with the same LSD as the reference HRTF can result128

in significantly different auditory perceptions depending on the direction. This variability129

makes it challenging to accurately assess the quality of HRTF using LSD alone.130

The purposes of this study encompass two main aspects: (1) To further explore the lim-131

itations in using LSD for evaluating HRTF performance and to investigate the relationship132

between HRTFs’ auditory performance and LSD across various conditions. (2) To propose133

a numerical evaluation method in the form of a monaural spectral distance metric, inte-134

grating relevant auditory characteristics to effectively predict the auditory performance of135

the HRTF magnitude spectrum. To this end, this study selected the HRTF spectra in 32136

directions in the whole space as the test object. Initially, several common HRTF processing137

methods were employed to modify the HRTF spectra at varying distortion levels by adjust-138

ing processing parameters. Subsequently, listening tests inspired by the Multiple Stimuli139

with Hidden Reference and Anchor (MUSHRA) protocol were conducted to evaluate the140

perceived spatial and timbral attributes of the distorted HRTFs under a range of experi-141

mental conditions, which included different directions, processing methods, and distortion142

levels. Further, the experimental outcomes were systematically analyzed to assess the effi-143

cacy and limitations of using LSD for measuring auditory perception outcomes, as well as144

to investigate the perceptual characteristics manifested by the auditory system in response145

to various spectral distortion conditions. Finally, informed by these experimental results146

and considering key perceptual characteristics such as perception thresholds and directional147

weightings, a perceptually enhanced spectral distance metric for HRTF quality prediction148

was developed, specifically designed to predict the perceptual similarity of the participants.149

8







JASA

FIG. 1. (color online) The HRTF measurement setup is presented along with illustrations showing

the microphone insertion into the sealed ear canal. (a) depicts the setup of the measurement loud-

speaker array and the distribution of the loudspeakers. (b) details the wrapping of the microphone

in silicone earplug sleeves to ensure the ear canal is effectively sealed. (c) illustrates the insertion

of the microphone into the sealed ear canal.

elevation θ ranges from −90◦ to 90◦. The sequence of elevation −90◦, 0◦, and 90◦ corresponds189

to positions below, in front of, and above the subject, respectively.190

The target directions involved in the experiment include:191

• 8 equally spaced positions at azimuthal increments of 45◦ (from 0◦ to 315◦) at −30◦192

elevation;193

• 12 equally spaced positions at azimuthal increments of 30◦ (from 0◦ to 330◦) at 0◦194

elevation;195
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