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HRTF Measurements in Multi-Loudspeaker Setups

Recent advances in post-processing and interpolation (or spatial upsampling) of head-related trans-
fer functions (HRTFs) have made it possible to obtain high-quality full-spherical HRTF sets based
on sparse measurements in reverberant conditions, i.e., HRTF measurements with only a small
number of captured directions in normal rooms [1-5]. However, most of the post-processing and
interpolation methods have been evaluated in laboratory rather than real-world conditions.

This thesis aims to bridge the gap between laboratory setups and real-world applications. The re-
cent industry-driven trend towards spatial music production in Dolby Atmos has led to a significant
increase in the number of control rooms with multi-loudspeaker setups, and at the same time to a
sharp increase in the demand for accurate headphone-based binaural reproduction of multichannel
audio for mixing and mastering engineers, as consumers typically listen to spatial music over head-
phones. However, engineers often complain about missing spatial accuracy and externalization in
the binaural decoding of Dolby Atmos productions, which could be due to the use of non-individual
generic HRTFs. Therefore, several companies offer photogrammetry-based generation of individ-
ualized HRTFs that can be integrated into their binaural decoders and may improve the reproduc-
tion to some extent. However, the often-available multi-loudspeaker setup in the engineer's control
room is an ideal starting point for acoustic measurements of sparse individual HRTFs, which can
then be used to generate a full-spherical dense HRTF set for the engineer. The HRTF measurement
could be seamlessly integrated into the calibration measurements, leaving the engineer with a cal-
ibrated multi-speaker setup and high quality individual HRTFs. The purpose of this thesis is to in-
vestigate the feasibility of obtaining dense individual HRTFs from measurements in control rooms
with multi-loudspeaker setups, to compare the performance of different post-processing and inter-
polation approaches, and to recommend the best approach to use for optimal results.
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Requirements
Basic knowledge of spatial hearing, HRTFs, and audio signal processing in Matlab and Python.
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