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ABSTRACT
A study on personal adaptation of HRTF model

incorporating subjective evaluation

Author :  KUSUBAYASHI Toga
Supervisor : SUGITA Yasunori

In recent years, with the development of three-dimensional video technology, sound
image localization technology that gives a sense of direction to sound is expected. A
method using a head-related transfer function (HRTF) has been proposed as a method for
achieving high sound image localization in a sound source reproduction device such as
headphones. HRTF is information about clues for humans to know the sense of direction,
and is a transfer function until the sound source radiated from a certain position in free
space reaches the eardrum. However, there is a problem that the acquisition of HRTF
requires special equipment and devices called anechoic chambers. In addition, there
are individual differences in HRTFs, and HRTFs other than the user himself have low
localization of sound accuracy, making it difficult to put them into practical use. Various
methods have been studied to solve these problems, but the localization accuracy of the
HRTF of the person himself has not been obtained.

The purpose of this paper is to build an HRTF suitable for individual users who do not
require special equipment or devices. Therefore, an HRTF model is created using a non-
linear method and subject experiments are conducted. We will optimize the HRTF with
a correction filter using the feedback from the subject experiment answers, and gradually
aim to create an HRTF suitable for each user.

The first step is to create the HRTF model for optimization. The HRTF feature distri-
bution is calculated using kernel principal component analysis from multiple HRTFs in
one direction (not including the listener’s own HRTF) existing in the database. After that,
clustering into four groups with similar characteristics by the k-means method, and one
HRTF model is created from each group.The HRTF to be used as a reference is the one
that the subject evaluates as the best among the HRTF model.

The correction for personalizing the HRTF model is to change the notch position and
peak amplitude of the HRTF. The part of the HRTF that gives people a sense of direction is
known to be the peak around 4 kHz and the notch that exists between 4 kHz and 10 kHz of
the HRTF, which has different amplitudes depending on the angle. An IIR notch filter and

an IR peak filter are used in combination as the correction filter to increase or decrease the



peak amplitude and adjust the notch position. The correction is made with reference to the
results of the subject experiment, and the correction is made for the direction in which there
was a localization error in the HRTF model in 12 directions at 30 ° intervals. We repeat
the process until the subject perceives the corrected HRTF as approximately the correct
direction. The evaluation method of the proposed method examines the effectiveness of
the proposed method by comparing the sound image localization accuracy of the HRTF
of the person himself and the corrected HRTF.

As aresult, when compared with the case of using the HRTF of the person himself, the
localization of sound accuracy was slightly inferior even if the correction was performed,
but the error front and back was improved and the localization accuracy was improved as

compared with the case of using the HRTF model.
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