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Objective and Subjective Test of a Virtual Sound Reproductlon Using a Headphone
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ABSTRACT

The headphone is regarded as the most effective means for reproducing 3-dimentional virtual sound due to its
channel separation property. However, there still exist several serious problems in headphone reproduction, such as,
“front-back confusion’ and ‘in-head localization’. These well-known problems are in general assessed by the subjective
test that is based on human judgment. In this paper, an objective test is conducted in parallel with the subject test in
order to validate the objective reproduction performance. Such a combined approach may be a more scientific and
systematic approach to the reproduction performance.
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Fig.1 Headphone to ear impulse response measurement.
The headphone emit the MLS to the ear canal, and the probe
microphone in the ear canal acquire the sequence.
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Fig 2. Inverse filter design using Wiener filter theory.

Fig. 3 oA dl=E-7 7 %€ g ex

s, 5% 24x(0E dXY W g0 E %
HAA AdsD Aogke % Q9 U g

9} & HHx(r-1)E HE Aot} a8=2E 4
% Hg'oé" HE‘H}‘J Q%Eﬂ% %—.\/}6}' /\}E,E_ tﬂ-}\g}\]
Aol ¥},
x(1) u(t) x(t-T)
—» ' — 0

Inverse filter Headphone-ear

Fig. 3 Inverse filtering in headphone reproduction
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Fig.4 Headphone-ear canal response in a) time domain
and b) frequency domain,
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Fig. 5 the corresponding inverse filter in a) time domain
and b) frequency domain.
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Fig. 6 Power spectrum of the output with the inverse filter
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Fig. 7 Crosscorrelation between the input and output signals :
The function has its maximum at the sample delay 9
which means the input and output signals are best
correlated when the input is delayed by 9 samples.
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Table 1 Modeling, inverse, and reproduction error (%)

Error(%) modeling inverse reproduction
S 0.20 0.33 1.95
M 0.18 0.22 334
G 0.18 0.44 1.09
w 0.20 0.15 1.75
D 0.19 0.19 3.85
average 0.19 0.26 2.40
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Fig. 8 Area division in the horizontal plane as used in
Wightman and Kistler [1]
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Fig,9 Reproduction error at the right ear only(solid lines) and
the HRTF signal energy (dB) at every S degrees (dashed lines)

Fig, 10 Reproduction error considering both ears at every 5
degrees
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Fig 11 Subjective sound image trajectory with (left) and
without (right) using the inverse filter. The capital
alphabet in each row is subject’s initial. The circles
‘0’ denote front-back confused positions.
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Fig 12 Averaged subjective sound image trajectory from
the five subjects with (left) and without (right) using the
inverse filter. The circles ‘o’ denote front-back confused
positions.
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