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This study evaluates using factors extracted from the autocorrelation function (ACF) as
cues for sound localization of the median plane. The amplitude of the transfer function for
sound incident from the median plane to the ear entrances measured (see reference [6]) is
translated into the ACF. It is shown that the sound localization in the median plane can be
characterized by factors extracted from the ACF. These cues are the e!ective duration of the
normalized ACF, q

e
, the delay time of the "rst peak q

1
, and its amplitude /

1
.
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1. INTRODUCTION

A theory of primary sensations and spatial sensations to environmental noise has been
proposed [1]. Primary sensations*loudness, pitch, and timbre*and spatial sensations can
be described by temporal and spatial factors extracted from the autocorrelation function
(ACF) and the interaural cross-correlation function (IACF) respectively. It has been shown
that the characteristics of the environmental noises can be determined from these factors
[2, 3]. Among the factors extracted from the IACF, the interaural delay time q

IACC
is

a signi"cant factor for determining the perceived horizontal sound localization of the
source. However, the q

IACC
is theoretically zero when the sound source is incident from the

median plane. Previously, sound localization in the median plane has been discussed in
terms of the transfer function in the frequency domain with its peaks and dips [4}6].
However, the patterns of peaks and dips are insu$cient as cues for directional information
because they do not correspond directly to any spatial sensation. The ACF and the power
density spectrum mathematically contain the same information. From the ACF analysis, (1)
energy represented at the origin of delay, U(0), (2) e!ective duration of the envelope of the
normalized ACF, q

e
, (3) the delay time of the "rst peak, q

1
, and (4) its amplitude, /

1
were

extracted. These factors may correspond to loudness, pitch, and timbre [1, 6}8]. The present
study discusses whether or not the transfer function of the median plane can be
characterized by these factors.
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Figure 1. Normalized ACF for incident angles of 0, 45 and 1803.
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2. METHOD

The amplitudes of the transfer functions for sound incident from the median plane to the
ear entrances, as measured by Mehrgardt and Mellert [6], were rearranged. The ACFs of
the transfer functions were obtained using the following steps.

1. Data sets were obtained from the "gures from Mehrgardt and Mellert's paper using an
optical image reader (scanner), with 300 data points each.

2. Amplitudes as a function of the frequency of the logarithmic scale were replotted as
a function of the frequency in the real number.

3. Amplitudes in decibel scale were converted to real numbers, and the ACFs were
calculated by an inverse Fourier transform after passing through an A-weighting "lter.

3. RESULTS AND DISCUSSION

Examples of the normalized ACF are shown in Figure 1. There is a certain degree of
correlation between both q

n
and q

n`i
, and /

n
and /

n`i
, as shown in Table 1, where q

n
and

/
n
are the delay time and amplitude, respectively, of the nth peak of the ACF. Thus, q

1
, and

/
1
can be regarded as representing sets of q

n
and /

n
. Examples of plotting the absolute value

of the ACF on a logarithmic scale are shown in Figure 2. The envelope of the decay of the
ACF can be "tted by a straight line, and q

e
is easily obtained from the delay at which the

envelope drops below !10 dB. In the "gures from Mehrgardt and Mellert's paper, the
amplitude values were plotted on a relative scale, but U(0) is not considered important as
a cue for sound localization. As shown in Figures 1 and 2, the q

1
, which corresponds to

pitch, for incident angles of 0 and 453 was equal, but q
e

for an incident angle of 453
(q

e
"3)14 ms) was much larger than that of 03 (q

e
"2)16 ms). The q

1
for an incident angle of

1803 was di!erent from those for the above two angles; however, the /
1
, which corresponds

to pitch strength, was relatively small.



TABLE 1

Correlation coe.cients between q
n
and q

n`i
(a) and /

n
and /

n`i
(b)

(a)

q
1

q
2

q
3

q
1

1)000 0)963 0)981
q
2

* 1)000 0)992
q
3

* * 1)000

(b)

/
1

/
2

/
3

/
1

1)000 0)798 0)806
/
2

* 1)000 0)987
/
3

* * 1)000

Figure 2. E!ective duration of the ACF q
e

for incident angles of 0, 45 and 1803.
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The remarkable "nding here is that each angle from the median plane can be
distinguished by the three q

1
, /

1
, and q

e
, as shown in Figure 3. The di!erence between

incident angles in the median plane roughly corresponds to the distance between points in
the three-dimensional space. The q

1
, /

1
, and q

e
-space can be interpreted as a &&phase-state

representation'' of the special acoustic environment. The median plane incidence seems to
be continuously mapped on a rather simple trajectory.

4. CONCLUSIONS

After the amplitudes of the transfer functions for the sound incident from the median
plane to the ear entrances were translated into the ACF, the factors extracted from the ACF



Figure 3. Three-dimensional illustration of q
1
, /

1
, and q

e
for each incident angle in the median plane. The

number indicates the incident angle in degree.
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were analyzed to clarify cues for sound localization in the median plane. The sound
localization can be characterized by three factors: the e!ective duration of the normalized
ACF and the delay time and amplitude of the "rst peak of the normalized ACF. These
factors may correspond to timbre, pitch, and strength of the pitch.
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