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Abstract

Individualization of Head-Related Transfer Function (HRTF)
is important. If an inappropriate HRTF is used, wrong sound
localization and less sense of presence occur. In this paper,
we studied the admissible ranges for P1, N1 and N2, which
is spectral cue of the median plane for the sound localization.
In order to verify the validness of the admissible ranges for
the P1, N1 and N2, we investigated individualization differ-
ences in the P1, N1 and N2. As a result, we found less indi-
vidualization difference on the P1, and big individualization
difference in N1 and N2. And, we carried out the listening
experiments on these findings. We revealed that P1 and N1
should be accurate; admissible range is narrow, and N2 is not
strict, strict tuning of N2 is not required. Moreover, we ob-
served the selected HRTFs in which variations of N1 and N2
according to the change of elevation. The result suggested
that the control of P1 and N1 is especially important. This
indicated necessity of adapting slope of the N1 and N2 when
human perceive the change of elevation.

1. Introduction

Head-Related Transfer Function (HRTF) is the transfer
function from a sound source to eardrums of a listener. When
we convolve HRTF into a sound wave, three-dimensional pre-
sentation of the sound to listeners is possible [1]. However,
there is a big problem that the HRTF is dependent on head,
body, and auricle shapes of the listeners. If an inappropri-
ate HRTF is used, wrong sound localization and less sense of
presence occur. In order to present a highly accurate sound
image in the three-dimensional space, HRTF should be as ac-
curate as possible for each listener. However, measurement of
HRTF requires large-scaled equipment and much time. Thus,
it is important to provide individualizing method of HRTF for
each listener.

HRTF required Interaural Time Difference (ITD) and In-
teraural Level Difference (ILD) for the cue of the horizontal
plane. In order to judge the median plane, spectral cues are
used [2]. The control of sound localization on the median
plan is very difficult, due to no information of ITD and ILD

rather than that on the median plan. Therefor in order to dis-
cuss about the indivisualization of HRTF, spectral cues are an
important topic.

Iida et al. suggested that the sound localization in the me-
dian plane can be done by using only N1, N2 notches and P1
peak in the amplitude spectrum of HRTF [3]. This assump-
tion was ensured by other reports that, when N1 and N2 are
gone out by blocking the hollow of the ear of the listener,
accuracy of elevation perception degrades [4]. Other reports
showed that resonances in the ear involves the origin of peaks
and notches [5].

However, there are still less discussion how large mis-
matches of individualization for P1, N1 and N2 affect on
sound localization. If we can discuss an admissible range for
P1, N1 and N2, this can provides new knowledge of individ-
ualization of the HRTF in median plane.

This study discusses admissible ranges for P1, N1 and N2.
We carry out a listening experiments for this purpose. We
select the n-best HRTFs from the database based on the lis-
tening experiments, and then analyze the P1, N1 and N2 and
obtain the variance of the HRTFs. For this purpose, the sec-
tion 2 describes investigation of individual difference of the
P1, N1 and N2, to verify the validness of admissible ranges.
The section 3 shows results of admissible ranges obtained by
a listening experiment.

2. Individualization difference of P1, N1 and N2

In order to describe the validness of admissible range, this
section describes the individualization difference of P1, N1
and N2. If the individualization difference of P1, N1 and N2
are small, there is no validness of admissible range. Using
HRTF database we carried out investigation of the individu-
alization difference of P1, N1 and N2.

2.1 Analysis method and conditions

In order to estimate P1 frequency, we apply cepstral
smoothing to HRTF. N1 and N2 are sometimes not clear in
some listener or elevation. For estimating N1 and N2 fre-
quencies, we extract the initial impulse response (approxi-
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mately 1-2 [ms] long) and apply FFT because of reducing
effects of reflections in the ears [6]. 114 HRTF (of right ear)
data obtained in the anechoic chamber in Tohoku university
were used to individualize HRTFs for each listener.

2.2 Analyzed results

Analyzed results of P1, N1 and N2 are shown in Figure1.
Additionally, average and standard deviation of P1, N1 and
N2 on each elevation are shown in Figure2. The figures show
as following tendency.

1. Individual difference about 1000 [Hz] in P1 on every el-
evation

2. Individual difference about 4000-6000 [Hz] in N1 and
N2 on every elevation

3. Constant P1 even on elevation changes

4. Rising N1 on between 0-120 [degree] then decreasing to
180 [degree]

5. Rising N2 on between 0-120 [degree] then small
changes to 180 [degree]

The tendencies above are similar to the previous study [7].
This ensures the analyzed results of N1 and N2.

The result show less individualization difference on the
P1 and large individualization difference on N1and N2. The
validness of the admissible ranges is verified for individual-
ization of HRTF on the median plane.

3. Admissible ranges of P1, N1 and N2

This section discusses the admissible ranges. We carry out
the listening experiments for this purpose. We select the n-
best HRTFs from the database based on the listening exper-
iments, and then analyze the P1, N1 and N2 and obtain the
variance of the HRTFs.

3.1 Experimental method

The listening experiments choose the n-best HRTFs from
the database, comparing 114 HRTF data. In order to choose
n-best HRTFs accurately, we carried out the experiment in
following three steps.

Experiment I: The n-better HRTFs are selected by compar-
ing the HRTF database. The HRTF database is evaluated
by checking sound localization. It is tried 2 times.

Experiment II: The 5-better HRTFs are selected by com-
paring the n-better HRTFs. The evaluation is the same
as Experiment I. It is tried 2 times for the listener whose
the n-better HRTFs is frequent, it is tried 3 times for the
other.
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Figure 1: Frequency distribution of N1 and N2, P1 of upper-
hemispheric median plane：(a) N1，(b) N2，(c) P1
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Figure 2: Average and standard deviation of P1, N1 and N2
of upper-hemispheric median plane

Experiment III: The best HRTF is selected by comparing
the better 5-HRTFs. It is tried 2 times.

3.2 Experimental conditions

Figure3 illustrates the experiment system. The experi-
ments are carried out in a sound-proof room by using Tucker-
Davis Technologies (TDT) SystemIII. Stimuli are presented
to each listener through headphone (STAX SR-404). Eight
graduate students who had normal hearing are participated
for the experiments.

We use white noise convoluted with the HRTFs in the
database as stimuli. The sampling frequency of the stimuli
is 48 [kHz]. Target elevations of the stimuli are from 0 de-
gree (front) to 180 degree (back) via 90 degree (right above)
in 30 degree steps in the median plane. In Experiments I and
II, the sound for each elevation is presented in 3 [s]. In Exper-
iment III, the sound for each elevation is presented in 1.5 [s].
In Experiments I and II, the listeners answer how sure they
perceive the direction as indicated in each elevation. If the
listeners show the right answer for all direction in one stim-
ulus sound, we determine this sound is better HRTF for the
listener. In Experiment III, the listeners hear paired stimuli
and answer which is better.

3.3 Experimental results

Eight to thirteen HRTFs were selected for each listener in
Experiment I. Experiments II and III are performed by five
listeners, because three listeners could not perceive the vir-
tual sound field. The better five HRTFs are determined in
Experiment II. The best HRTF is determined in Experiment
III.

The result obtain by the listener MA is shown in Figure4.
The result for standard deviation and average values of the lis-
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Figure 3: Experimental system

tener MA is shown in Figure5. About Figure4, thick solid line
is the best HRTF and the dotted lines are the better HRTFs for
the listener MA. The figure shows that the frequency band of
the better HRTFs and the best HRTF is small for every ele-
vations on P1 and N1. But it is large for N2. Moreover, the
figure shows that variations of N1 and N2 according to the
change of elevation is similar. Figure5 shows that the stan-
dard deviations of P1 and N1 are small, but N2 is large. The
figure shows that the slopes of average of N1 and N2 are sim-
ilar. This result is similar among the four out of five listeners.

We obtain that the admissible ranges for P1 and N1 are nar-
row in all elevations, and the range for N2 is not strict. Addi-
tionally, we observe that variations of N1 and N2 according
to the change of elevation correlate. The result shows that the
control of P1 and N1 is especially important, and this shows
that adapting slope of the N1 and N2 when human perceive
the change of elevation is required.
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Figure 4: The selected better five HRTFs of P1, P2 and N2
(litener MA) : The solid line indicates the best HRTF for the
subject
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Figure 5: Standard deviation and average values of P1, N1
and N2 of selected HRTFs (litener MA)

4. Conclutions

In this paper, we studied the admissible ranges for P1, N1
and N2, which are spectral cues of the median plane for the
sound localization. The admissible ranges were obtained by
the listening experiments. The results showed that the control
of P1 and N1 is especially important, and this showed neces-
sity of adapting the slopes of the N1 and N2 when human
perceives the change of elevation.

In our future work, if we could establish a control model of
P1 and N1, we would be able to obtain easier individualiza-
tion method of HRTF on the median plane.
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