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Abstract Five HRTF databases (ARI, CIPIC, CIT LISTEN; and RIEC) are compared and analyzed in detall in this paper. The spectral
peaks and notches above 5 kHz prominently contrlbute to: the angle perceonn of a sound source in the medlan plane A peak (P1) and two
notches (N1 and N2) for the front direction (in the median plane) of all the subjects of the HRTFs are ‘extracted from the early part of the
head-related impulse responses.gThen, t-test method is used to show that there is no significant difference between two databases among the
five HRTF databases except ARI database, which has significant difference with others. The analysis of the anthropometric data of subject’s

pmnae shows that there are significant differences i in most of the anthropometric data except length of cymba conchae and tilt of pinna

between three databases (ARI CIPIC and CIT).
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1. Introduction

Most previous studies showed that spectral distortions: caused
by pinnae in the high-frequency range approximately above 5 kHz
act as cues for median plane localization. Mehrgardt and Mellert [1]
have shown that the spectrum changes systematically in the
frequency range above 5 kHz as the elevation of a sound source
changes. Hebrank and Wright [2] carried out experiments with
filtered noise and reported that spectral cues ‘of‘ median plane
locahzatlon exrst between 4 and 16 kHz. Asano et al. [3] showed
that major cues for Judgment of elevatlon angle exist in the
high-frequency region above 5 kHz and that the mformatlon in
macroscop1c patterns is utilized mstead of that i m small peaks and
dips. Iida et al. [4] extracted the spectral peaks and notches from a
subjeet’s kmeasured HRTFs, furthermore, theyl ’sbowed’ the
frequenmes of the lowest two notches above 4 kHz (N l and N2)
are h1ghly dependent on the vertical angle, whereas the frequency
of P1 is approx1mately constant and is independent of the vertical
angle. Tida ef al. [5] proposed a method to estimate the frequencies
of N1 and N2 from anthroponietry of the listener’s pinnae.

The results of these prev1ous studles imply that spectral peaks
and notches due to the transfer functlon of the pinna in the
frequency range above 4 kHz prommently contmbute to the
pereeptlon of sound source elevation. ’

Whether or not P1, N1 and N2 mentioned above have no
significant difference for all the HRTFs of all the persons from
different races or all being from a same population would be

discussed in this paper.

Five typical HRTF database would be selected they are
respectively the Spatial Hearing Laboratory of Chiba Institute of
Technology (CIT); the Center for Image kProcessing and Integrated
Computing Interface Laboratory (CIPIC); the Acoustics Research
Institute of the Austrian Academy of Sciences (ARI); Research
Institute of Electrical Communication of Tohoku University
(RIEC); Listen project by the TInstitute for Research and
Coordination in Acoustics/Music (LISTEN).

2. Basic information of selected HRTF databases

The HRTF data are downloaded from the website of these
institutes. Although the measuring methOd of HRIR is similar in
these institutes, there are still some distinct aspects. The features
among the five databases are listed in Table 1. The mechanical
setup of measuring system has great difference in them. For
example, only one loudspeaker is applied in LISTEN and the three
dimensional position will be realized through the chair rotating in
the horizontal plane and loudspeaker rotatmg in the medlan plane;
but in other institutes, a circular loudspeakers array are applied.
The number of loudspeakers is respectwely 5,7, 22, and 35 in
CIPIC CIT ARI, and RIEC. Model and supplier of loudspeaker
and ear microphone applied in measuring system are listed in Table
1. ‘Data length is great different among the databases, the shortest is
200 from CIPIC and the longest is $192 from LISTEN,
nevertheless data length would not make us worried. Fig.1 and
Fi‘g.Z show the HRIR of data length 200 and 8192 respectively,
where T represents sampling period. In fact the effective signal

interval is similar, not beyond 100 sampling points.
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Table 1 Overview of HRTF database and measuring system

Institute ARI CIPIC CIT LISTEN RIEC
Subjects Number 82 45 61 50 105
Source signal ML sequehce MESM sine ‘sweep OATSP log sweep
Data Length 256 200 512 8192 512
Sample Rate(Hz) 48000 44100 48000 44100 ‘48000
Position number 1550 1250 7-148 187 865
Data Format mat mat bin mat " SOFA
Microphone/ KE-4-211-2/ ER-7C/ WMG64AT102/ FG3329/ FG3329/
manufacture Sennhiser Etymtic Panasonic Knowles Knowles
Loudspeaker/ 10 BGS/ Acoustimass™/ FES83E/ system600/ |  FES3E/
Manufacture/ VIFA/ Bose/ Fostex/ TANNOY/ Fostex/
Number 22 5 7 1 35
o ARI, 187 positions in LISTEN, 865 positions in RIEC, what is
o4 interested is just a discrete position for azimuth 0° and elevation 0°
g in this paper, certainly the conclusioﬁ could be supposed
%‘ o reasonably to be same if other position is concerned.
04 3. Extracted peak P1 and notches N1 and N2
j i _ [ S . The peak P1 and notches Nl aﬁd N’2kare‘ extraétéd fré)ih the
? * ” * Tim:z?:)T) - " . * =

Fig.1 HRIR of CIPIC subject01 with sampling length 200
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Fig.2 HRIR of LISTEN subject01 with sampling length 8192

There is no effective éignal in most of the sampling time in
8192 sampling interval. Certainly HRIR signal length in time
domain is related to the resolution of HRTF in frequency domain,
so signal length should be uniform. Signzil length should be
Iengthened through zero padding in the end of the signal when the
length is less than 512 and Signal length should be shortened
through truncation to reserve the early 512 points when the length
is greater than 512.

k Although there are 1250 positions in CIPIC, 1550 posifions in

early part of the head-related impulse response (HRIR) using the
following steps [Sk]:' ' ; k

1 Detect the sample for which the absolute a’rrkipl‘iiude‘of‘ the
HRIR is maximal. N k

2.Clip the HRIR using a four-term 96 péihts Blackman~Harris
window, adjusting the temporal center of the window to the
maximum sample detected in step 1.

3.Prepare a 512-point array, all of the values of which éré set to
zero, and overwrite the clipped HRIR in the array, where the
maximum sanﬁple of the élipped HRIR should be placed at the
257th point in the array‘.‘ o -

4. Compute the amplitude spectrum of the 512-points array by

5. Confirm P1, N1 and N2. ‘At first find the local maxima and
local minima of the amplitude, then define the lowest frequency of
the local maxima above 3 kHz as P1, and the lowest two
frequencies of the ioéal minima above Pl as N1 and N2,
respectively. ‘

Fig.3 and Fig.4 show the HRTF spectrum of subject02 Iéft ear
and subject30 right ear from ARI respectively. Broken line
represents the HRTF calculated from full length of HRIR andr solid
line represents the HRTF calculated from early part of HRIR; “0”

(L

represents the extracted notches from HRTF; represents the




extracted peaks from HRTF.
In Fig.3 the first peak, which is below 3 kHz is abandoned and
the second peak is defined P1; the first notch below the P1

frequency is abandoned and the second and third notch is defined

as the second peak is defined as P1; the first notch below the P1is
abandoned and the second and the third notches are defined as N1

and N2. Occasionally, only one notch below 17 kHz exists, such as "

in Fig.4. Two of 122 ears from CIT have only one notch in the

spectrum of HRTFs; the numbers of such ears are 5, 1, 9; and 5

respectively for ARI, CIPIC, LISTEN and‘RIEC. HRTFs, which

have only one notch are excluded from the following analysis.
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Fig.3 Example of HRTF measured directly and extracted from the
- early part of HRIR.
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Fig.4 Example of HRTF measured directly and extracted from the
early part of HRIR, which has only one notch.

4. Statistical analysis about P1, N1 and N2

Once P1, N1, and N2 are obtained, statistical analysis will be.
natural in the following step. Table 2 shows the mean, minimﬁm,
maximum, and the standard deviation of P1, ;Ny‘l and N2. From
Table 2, the mean values of P1, N1, and N2 for ARI are the highest,
that for CIPIC and LISTEN are medium and that for CIT and RIEC
are close to each other and are the lowest. Fig.5, Fig.6, and Fig.7

show respectively the histogram of distribution of P1, N1 and N2

in five HRTF databases. Because the number of the subjects is
unequal in different databases so percentage relative value is
adopted in the ordinate not the absolute number. It seems that the
histogfam curve is close to a normal distribution and the center of

five curves is approximately equal, but the scientific method to

evaluate the similarity is s-test method.

Table 2 Statistical values of peak and notch frequencies (Hz)

Institute |  ARI CIPIC CIT | LISTEN | RIEC
Mean P1 4333 4095 4059 4131 3969
N1 | 8101 7545 7481 7585 7301
N2 10959 - 10384 | 10287 10519 10549
Min P1 3281 3187 13469 3618 2438
N1 6000 5771 5531 5685 5063
N2 8063 7494 7781 7752 7688
Max P1 5250 5340 5250 4651 4875
N1 11250 10939 10031 10164 12188
N2 | 15938 16107 13500 16882 17063
Stdev P1 327 393 318 | 209 343
N1 1111 999 953 930 1147
N2 1625 1537 1235 1824 1756
Table 3 p-value of r-test about P1 frequency
pvalue | ARI | CIPIC It LISTEN
CPIC | (2.45E-06)
19T e | @7ison
LISTEN 1 3 978-09) | (4.42B-01) | (4.46E-02)
kk k% - * k%
RIEC (2.04E-22) | (5.48E-03) | (1.94E-02) | (5.09E-07)
Table 4 p-value of #test about N1frequency
p-value ARI CIPIC CIT LISTEN
k%
CIPIC (1.14E-04)
k%
cIr (1.60E-06) | (6.41E-01)
*k
LISTEN | ) 2sp-04) | (7.798-01) | (4.28B-01)
Lok *
RIEC (8.26E-11) | (8.32E-02) | (1.29E-01) | (2.53E-02)
Table 5 p-value of t-test about N2 notch frequency
p-value |  ART CIPIC It LISTEN
CIPIC | (6.95E-03)
*%
cIr (1.10E-04) | (6.23E-01)
%k
LISTEN | 5 008-02) | (5.94E-01) | (2.98E-01)
*
RIEC (2.31E-02) | (4.44E-01) | (1.16E-01) | (8.92E-01)
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Fig.5 Histogram of distribution of P1 frequency for five HRTF databases.
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 Fig.6 Histogram of distribution of N1 frequency for five HRTF databases.
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Fig.7 Histogram of distribution of N2 frequency for five HRTF databases.




 t-test is used to test null hypothesis that the means of every two
ﬁulations from five populations are equal, of course F-test
duld be done first to determine “type” parameter in function z-test.
e p-value of r-test of P1, N1 and N2 are shown respectively in
Table3, Table 4 and Table 5. “#%” expresses that p-value is less
in 0.01 and “+” expresses that p-value is lgss than 0.05, other
values are greater than 0.05.

It can be seen that all the p-value are less than 0.05 whén ARI
data is applied as one of two sets of data in the #-test, which
represents that there is significant difference between ARI and the
other four database. Most of p-value are greater than 0.05 (or close
0 0.05) between any two sets of data drawn from the other four
databases, which represents that there is no significant difference
between them and the means of peak frequency and two notches
frequency are all statistically similar with each other, and the four

databases can be thought to be from a same population.
Comparison of anthropometric data of pinnae

There are maybe many reasons that can lead to the above
statistical result, anthropometric data of subject’s pinnae is
considered naturally at first. Only CIT, CIPIC and ARI the detailed
thropometric data of pinnae could be obtained publicly in the
five HRTF databases. There are 74 ears (37 subjects), 56 ears (28

Ten anthropometric parameters of the pinna is showed in Fig.8,
there are X; width of pinna, X, width of concha, X; width of
incisura intertrigica, X4 helix, X5 length of pinna, X¢ lengh of
concha, X7 length of cymba conchae, X; length of scapha, X, depth
of concha, X, tilt of pinna. The parameter X, is not included in

CIPIC and AR, so Xy is not considered in the following analysis.

Fig.8 anthropometric parameters of the pinna

There are no apparent relationships between anthropometric
dimensions of all parameters as.far as the three databases of
anthropometric data of pinnae are concerned. Even for X; width of
pinna and X; length of pinnaé, a greater Xy does not necessarily
match with a greater Xs. k

Table 6 shows Statistical values of ‘anthropometric data of
pinnae for CIT, CIPIC and ARL From Table 6, a slightly surprising

pheniomenon is that anthropometric dimensions of CIT (Japanese)

bjects) and 80 ears (40 subjects), which have anthropometric data” - are greater than that of CIPIC (Americans) and ARI (Austrian).

pinnae in CIPIC, CIT and ARI respectively.

Table 6 Statistical values of anthropometric data of pinnae -

Xy(mm) | Xp(mm) | Xamm) | Xs(mm) | X.(deg.)
Mean  ARI 33.48 16.90 620 | 6243 2548
CIPIC 29.05 1545 540 | 63.96 23.29
CIT 35.48 18.68 8.19 68.26 21.86
Min  ARI 25.00 12.10 4.00 48.00 12.00
CIPIC 21.84 | 1037 | 2.0 5424 - 5.94
cIT 31.22 14.78 5.34 5823 4.00
Max ARI 39.20 22.00 18.00 74.00 49.00
CIPIC 35.34 20.97 9.11 7955 44.48
CIT 43.83 21.84 11.88 83.18 40.00
Stdev  ARI 3.60 2.06 1.67 500 5.57
CIPIC 2.74 2.58 1.51 5.58 7.60
CIT 2.36 1.71 1.65 4.66 8.37
Table 7 p-value of t-test about ahthropdmetric data of pihnae. #%:p<0.01, *: p<0.05.
X, X5 X; Xs ol % X; Xs X X,
p-value(ARI/CIPIC) *E fotol T . ot : * *x *% * ,
(9.19E-15) | (1.64E-04) | (2.25E-03) | (7.33E-02) | (8.30E-16) | (1.22E-02) | (1.57E-07) | (3.35E-20) | (4.54E-02) |
p-value(ARI /CIT) *k ** R ok ok * * ok |
(1.44E-04) | (4.59E-07) | (2.15E-10) | (2.02E-10) | (1.64E-33) | (1.91E-02) | (1.69E-02) | (5.47E-01) | (5.83E-03)
p-value (CIPIC/CIT) *k ok o o ok *k ok
(1.10E-27) | (3.34E-14) | (6.95E-18) | (7.67E-06) | (3.92E-10) | (6.59E-01) | (1.12E-11) | (6.77E-26) | (3.10E-01)




As for mean value of Xsand X the order from large to small is
CIT, CIPIC and ARI. Also from Table 2 the order from small to
large of the mean value of P1, N1 and N2 is CIT, CIPIC and ARI.
lida et al. [S] got the similar result that value of N1 and N2 is
smaller if value of X4 length of concha is greater. As for mean
value of X;and X, the order from large to small is contrary to Xs
and Xe. As for X;, X5, X3, X5 and X, the order from large to small
is CIT, ARI and CIPIC.

Table7 shows the p-value of ¢-test of anthropometric parameters.
“kx” expresses that p-value is less than 0.01 and “#” expresses that
p-value is less than 0.05, other values are greater than 0.05. So four
values are greater than 0.05 and nineteen values are less than 0.01,
other four values are between 0.01 and 0.05. Statistically, it can be
said that the order from large to small is CIT, ARI, and CIPIC for
X1, X3, and X3, and Xg. For X, the order from large to small is CIT,
CIPIC, and ARI. Since the p-values of t-test are greater or nearly
close to 0.05, X; (length of cymba conchae) and X, (tilt of pinna)
are similar between CIT, CIPIC and ARIL.

6. Conclusion

A method that a peak (P1) and two notches (N1 and N2) of the
HRTFs are extracted from the early part 6f the ‘head-related
impulse responses is introduced, then, #-test method is used to show
that there is no significant difference among: the:'ﬁvé ‘HRTF
databases except ARI database. Anthropometric data of subject’s

pinnae, as one of the possible reason led to the result are analyzed

show that‘ there ‘are significant differences in most of the
anthropometric data except length of cymba conchae and tilt of
pinna between three databases. Certainly there are only 37, 28, 40
subjects having anthropometric datum in three databases, which is
not enough‘to support:the conclusion. What should do next is to
strength contact with the other research team to get more relevant

information so as to yield the more authentic result.
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