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Spectral Distortion of Head-Related Transfer Function Due to Wearing Clothes
and Glasses
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ABSTRACT

Because individual HRTFs (Head-Related Transfer Functions) vary from a person to a person, a HRTF
database has been measured by researchers to investigate the inter-subject variation, and to generate high
fidelity virtual sound image. Individual HRTFs not only vary between subjects but also vary due to wearing
clothes and glasses in daily life. However, influence of different dressing condition on the measured HRTF
was not sufficiently investigated. To quantify the effect of wearing clothes and glasses, dummy’s HRTF is
measured in an anechoic chamber with various dressing condition, and is evaluated in the sense of spectral
distortion. HRTFs are measured both in the median plane and in the horizontal plane. In the median plane,
under 6kHz, effect of different wearing clothes and glasses is negligible. Over 6kHz, however, effect of
clothing distorts HRTF about 6dB in the sense of spectral distortion. Moreover, at high frequencies, effect
of glasses is no longer negligible. In the horizontal plane, at some azimuths, even additional light cloth over
the dummy can change the spectrum of HRTF (6dB spectral distortion) especially when sound source is at
contralateral positions. Therefore, HRTF measurement with different wearing conditions can broaden the
capability of HRTF customization whose technique utilizes a HRTF database.
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Tablel Features and specifications for HRTF
measurement.
Features Specifications
Sampling frequency 48kHz
Resolution of
speaker position 5 degree
NFFT (Number of FFT) 2048
Frequency resolution about 23Hz
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Figurel HRTF measurement system (left) and 5
different dressing conditions. (: nominal, @: light
clothing, : medium clothing, @: heavy clothing, (®): taking
glasses.
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Figure2 Magnitude response of HRTF in median plane.
Top panel is nominal HRTF, middle panel is HRTF of
heavy clothing, and bottom panel is HRTF of taking
glasses on the dummy.
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Figure3 Magnitude response of HRTFs at 30 degrees
elevation angle. Black line is nominal condition, red line
is heavy clothing condition, blue line is medium clothing
condition, ivory line is light clothing condition, and
dotted line is the condition of taking glasses.
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Figure4 Spectral distortion due to different dressing
conditions (in the range of audio frequency). From the
top panel to the bottom, left ear spectral distortion at
median plane, right ear spectral distortion at median
plane, ipsilateral spectral distortion at horizontal plane,
and contralateral spectral distortion at horizontal plane
are depicted.
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Figure5 Octave band analysis of spectral distortion due to different dressing conditions. Left column indicates the
spectral distortion in median plane (left ear), middle column indicates the ipsilateral spectral distortion in horizontal
plane, and right column indicates the contralateral spectral distortion in horizontal plane. From the top row to the
bottom row, results of octave band analysis (center frequency of 1kHz, 2kHz, 4kHz, 8kHz, and 16kHz) are depicted.
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