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A method is proposed for determining representatives of the sound localization transfer
function (SLTF) aiming at a compromise between feasibility and localization accuracy.
This method is based on principal components analysis (PCA). The magnitudes of SLTF
measured at both ears of 56 subjects for 24 targets were modelled by linear combination of
six principal components (PC). For each target and ear, the representative was determined
to be the SLTF whose weights of PC contributing to the magnitude best approximated the
average over subjects. The effectiveness of the representatives was evaluated both statisti-
cally and psychoacoustically. The statistical analysis indicates that the individual distribu-
tion of the weights of PC is assumed to be a six-dimensional normal distribution that is
densest around the average. The discrepancy of the representatives from the average is
within 1.5 percent of the individual accumulation. The psychoacoustical evaluation for 28
of the subjects indicates that the increase in the front/back confusion rate in the use of the
representatives is significant for frontal targets, but not for other targets. The lateral
judgement is robust against SLTFs for all targets tested. However, considerable individual
dispersion of the front/back confusion rate hindered from determining the allowance of the
discrepancy between individual SLTFs and the representatives for acceptable localization
accuracy.

Keywords: Binaural, Rransfer functions, Localization, Representation, Principal compo-
nents

PACS number: 43. 66. Mk, 43. 66. Qp

1. INTRODUCTION

Hayashi, 1992). Although the precise replication

The application of virtual acoustics can greatly
improve the perceived quality of virtual reality and
multimedia applications (Begault, 1994, etc.). Vir-
tual acoustics are intented to manipulate spatial
perception by replicating stimuli from the target
source at both ears of a listener. This replication
can be implemented by filtering a sound source with
filters constructed from target-to-eardrum transfer
functions or head-related transfer functions
(HRTFs) (Blauert and Laws, 1973, etc.). The use
of listener’s individual sound localization transfer
functions (SLTFs), which are a kind of HRTFs,
provides precision in the replication (Shimada and

gives cues for accurate localization at the target
position, the need to prepare the listener’s individual
SLTFs hinders its feasibility (Wenzel et al., 1993).
It is more practical to use a pair of SLTF representa-
tives common to potential listeners, even if the rep-
lication of stimuli is not precise at both ears.
Conventional means of collecting the SLTF repre-
sentatives are either (a) measurement with an
artificial head as a subject, (b) measurement with a
human subject, who can accurately localize a sound
image to the target position (Wenzel et al., 1993), or
(c) preparation of multiple pairs of SLTF candi-
dates measured with many human subjects
(Shimada et al., 1994). However, the effectiveness
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of approaches (a) and (b) can be evaluated solely on
a subjective basis. In contrast, approach (c) is
based on clustering the interaural differences in the
frequency characteristics of many subjects. How-
ever, the clustering ignores monaural frequency
characteristics, which is assumed to provide cues to
front/back judgement (Blauert, 1982). In addition,
the preparation of multiple pairs of SLTF candi-
dates compels the listener to select one single pair for
each target position.

In an attempt to make it feasible and effective to
use a single pair of SLTF representatives, we pro-

pose a method for determining the single pair based .

on principal components analysis (PCA) (Kino-
shita and Aoki, 1995). PCA is an effective method
for reducing the complexity in an SLTF by model-
ling the magnitude, which is generally composed of
a large number of variables (typically over hun-
dreds) (Martens, 1987; Kistler and Wightman,
1992 ; Takahashi and Hamada, 1994). Therefore,
the distribution of SLTFs over subjects can be
measured with less difficulty in computation and it
is helpful in determining the representatives objec-
tively. It should be noted, however, that failure to
replicate the stimuli from the target position precise-
ly is one of the factors that deteriorate localization
accuracy, e.g., frequent front/back confusion. To
confirm the effectiveness of this approach, we con-
ducted a statistical analysis of the distribution of
SLTFs and a psychoacoustical evaluation by
comparing the SLTF representatives and the lis-
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tener’s individual SLTFs. The results are discussed
here in terms of the discrepancy between the both
classes of SLTFs.

2. COLLECTION OF SOUND LOCALI-
ZATION TRANSFER FUNCTIONS

The Sound Localization Transfer Function
(SLTF) H,(f) is a kind of head-related transfer
function, defined as a target-to-eardrum transfer
function Hj(f) modified with an headphone-to-
eardrum transfer function E;(f) and the input-
output characteristics of the sound driver used for
the measurement FV(f) (Shimada and Hayashi,
1992). This can be expressed as

Hﬂcr(f): ijr(f)/(Ejk(f) * V(f)) . (1 )

G« (f) represents the transfer characteristics from a
source at a target position to the eardrums of the
listener in a virtual field. As illustrated in Fig. 1,
filtering the source signal with the SLTF for each
channel replicates the stimuli from the source at the
target position at both left and right ears. This
replication enables the listener to perceive the sound
at the target position (Wightman and Kistler,
1989a ; Wightman and Kistler, 1989b ; Pralong and
Carlile 1996 ; etc.).

Fifty-six subjects participated in the collection of
SLTFs. As shown in Fig. 2, the measurements
were conducted for each of the subjects in a room 4.4
m deep, 4.7 m wide and 2.5 m high with a reverbera-
tion of 200 ms at 500 Hz. The room was acous-

Loudspeaker

i ; Input-Output
V(,) Characteristics
G R
Targeti,to—"-:

Eardrum TF}

Fig.1 Sound reproductions using a sound source at a target and a headphone. When a source signal with
SLTFs is filtered from the target to each ear, stimuli can be replicated at both ears even when a headphone

is used.
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Fig.2 Illustration of setup for measuring target-to-eardrum transfer functions, composed of a workstation, D/
A and A/D converters, filters, power amplifier ; 24 locations of loudspeakers and the subject were contained

in an anechoic room.

tically insulated from outside with a transmission
loss of 90 dB at 500 Hz. Twenty-four loudspeakers
(AURATONE 5PSC) were assigned in a horizontal
circle of a 1.5m-radius around the subject at inter-
vals of 15 degrees, with its center axis at the same
height as the subject’s ears. The azimuth of the
target position was set counter-clockwise to 0 degree
in front of the subject.

Each of the loudspeakers was actuated to present
a stimulus for measurement of the target-to-eardrum
transfer functions Gy-(f). Selection of the loud-
speaker to be actuated was manually controlled
with a multi-channel switch. The fast method
proposed by Alrutz (1981) was employed to obtain
the target-to-eardrum transfer functions G- (f) as
an impulse response with a length of 2,043. An
M-sequence of the 12th order generated in a work-
station (SUN ELC) was converted by using a 16-bit
digital-to-analog converter (SBS DASBOX) into an
analog signal at a sampling frequency of 48.0 kHz.
The analog signal was filtered through a low-pass
filter (NF P-88) with a cut-off frequency of 20.0 kHz,
and then the sound driver was actuated. The
response signal was received by means of a minia-
ture probe microphone (RION UC-92A), which was
inserted 25 mm deep into each ear canal. The
received signal was also enhanced by using an
amplifier in a noise level meter (RION NA-20) and
filtered through a low-pass filter (NF P-88) with a
cut-off frequency of 20.0 kHz. Both channels of the
filtered signal were converted into a digital sequence
using a 16-bit analog-to-digital converter (SBS
DASBOX) at a sampling frequency of 48.0 kHz.

The sequence was used to obtain the Gj.(f) as an
impulse response.

Likewise, the headphone-to-eardrum transfer
function E;(f) was measured using a headphone
(SONY DR-200) as the sound driver. The input-
output characteristics of the sound driver V'(f) had
been measured in advance by using a condensor
microphone (B&K 4133) 5 cm off the front center of
the driver (Shimada and Hayashi, 1992) in advance.

3. STATISTICAL ANALYSIS AND
REPRESENTATION OF SLTFS

3.1 Modelling of SLTF Magnitude based on Prin-
cipal Components Analysis
The magnitude of the SLTF |H(f)| was
modelled to be a linear combination of principal
components (PCs) u; as basic spectra (Afifi and
Azen, 1972 ; Martens, 1987). That is,

Hjr=Uwijir , (2)

where U is the set of the PCs [a, #, ttn], Hyer is
the set of magnitudes of SLTF [|Her(£)|, | Hier()|,
o, |Hyr(fo)|]" at each frequency f; (1Si<p). p
denotes the number of elements in a PC u; and that
in a set of SLTF magnitudes Hj,. Based on the
frequency range 200 Hz to 15.0 kHz, the sampling
frequency of 48.0 kHz and the length of 2,048, the p
was set to be 632. The indices j, k and r specified
the ear, subject and azimuth of the target position,
respectively. The PCs u, were obtained as
eigenvectors of a variance-covariance matrix S, that
can be written as ‘
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SzbzkijrHﬁcr/(Mil) ) ( 3 )

where M is the total number of SLTFs (2688, i.d. 56
subjects X 2 ears X 24 target positions). The order /
of principal components #; was determined in a
decreasing order of the eigenvalues A; of the matrix
S, which represents the contribution to the sum of
all squared magnitudes of the SLTF.

We call the set of weights Wi =[ Wikr1, Wikra,'s*s
Wierm]' the weighting vector. To reduce the com-
plexity of the SLTF, the set of weights wje, = [ Wikr1,
Wikrz, ***s Wixrm]® was computed as

Wjkr — UHI{jkr . ( 4 )

The number of elements m was determined accord-
ing to the cumulative contribution P, from the first
PC u; up to the m-th PC u,, over 90%. The P, can
be calculated as follows:

Pa= 230/ 5. (5)

At the cumulative contribution of 90%, the use of the
reconstructed transfer functions enabled the listener.
to localize as accurately as with the use of the
original transfer functions (Kistler and Wightman,
1992 ; Takahashi and Hamada, 1994). Therefore,
we considered that the magnitude of the reconstruct-
ed SLTFs could be approximated to those of the
original SLTFs on a subjective basis.

3.2 Method of SLTF Representation

For each ear j and each azimuth 7, the SLTF
representative HE(f) was determined to be the
SLTF whose weighting vector w;, best approximat-
ed the average weighting vector < w;, >

hs
<w,’r>=l§1w1'kr/ns, (6)
where n, was the number of subjects. That is the

distance between the weighting vector wj. for the
SLTF representative H:(f) and the average weight-
ing vector < w;,> should be minimum over the
subjects. The distance between the weighting
vector wy,, and < w; > were represented by Ma-
halanobis’ generalized distance (MGD) D,,,, which
‘is defined as follows:

D= (Wier — < wir > )" 2 wjier — < wsr>) ,
(7)

where 2'-! is the inverse of variance-covariance
matrix X
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ns
Ezgl(wj'kr“‘ < Wijr >>

X(ijr“<LUjr>)T/(7’ls'—1). (8)
As expressed in Egs. (7) and (8), the MGD is an
Euclidean distance that is normalized by variances
and covariances among the weights of PC over the
subjects. This normalization removes the
differences of the contribution among variances and
covariances between weights of PCs. Thus, the
MGD is expected to model the cumulative individ-
ual distribution from the average.

- 3.3 Results and Discussions

3.3.1 PCA Results

We analyzed the SLTFs those were collected by
the procedure described in section 2. According to
the PCA, the cumulative contributions P, from the
first PC u;, up to the m-th PC u, were 60.2, 80.3,
84.5, 86.9, 88.9, 90.5% efc. According to the 90%
criterion, the number of elements m in the weighting
vector wj., was determined to be 6.

An analysis of variance shows a significant effect
of azimuth » on weights Wi for each PC u,
[F(23,1265)=1661.2, 325.4, 54.9, 54.2, 20.0, 49.1 ; p
<0.001 (listed in an increasing order of m)].

3.3.2 SLTF representatives .

Figure 3 shows the Mahalanobis’ generalized
distance (MGD) D} between the weighting vector of
the SLTF representative wj and the average weight-
ing vector over subjects < w;-> as a function of
azimuth for each ear. The D} were confined
within 1.0 for both ears.

A histogram of weighting vectors w;,, and that of
the chi-square distribution of the sixth order are

shown as functions of MGD D, in Fig. 4. In this
2.0 i I I
L —0O— ProposedL Dy ,,*
15[ —O— Proposed R Dth ||
G1.0
2 3
E .
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Fig.3 MGD as a function of azimuth of target
position for each class of SLTFs and each ear.
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of the chi-square distribution of the sixth order
as functions of MGD for azimuth 0 degrees.

Table 1 y,? for goodness-of-fit test of histo-
gram of weighting vectors to the sixth order
of the chi-square distribution.

2 2

azimuth Xo azimuth X9
(deg.) L R (deg.) L R
—180 0236 0.616 0 1.855  2.449
—165 2.054 1.088 15 2.980 1.320
—150 0870  2.335 30 1.343 2.410
—135 - 2.658 1.793 45 2.884 1.926
—120 2276 1.630 60 2.338 1.521
—105 3.055 2.126 75 2739 2544
—90 2.678 1.253 90 0.559 1.781
—75 1.136  0.369 105 2.655 3.112
—60 2.069 3.203 120 1.194 2215
—45  1.498 1.852 135 0.677 2.555
—30 2.283 1.595 150 1.125 2.949
—15 1.095 2.615 165 1.838 2.237

example, the weighting vectors wj, are based on the
SLTFs for the left ear and an azimuth of O degrees.
The chi-square distribution is scaled by the number
of subjects 56. A goodness-of-fit test shows that the
histogram of weighting vectors wj, can approxi-
mate the histogram of the chi-square distribution
(x,2=1.855, p>0.99). Also for other azimuths, the
result of the goodness-of-fit test is as listed in Table
1. No significant differences were shown between
the histogram of weighting vectors w;., and that of
the chi-square distribution for all azimuths tested.
This implies that the distribution of the weighting
vectors wj, can be regarded as a six-dimensional
normal distribution that is densest around the aver-
age.

Since the distribution of the MGD Dy, is

tives Hjy

assumed to be a chi-square distribution of the sixth
order, the cumulative distribution of subjects
P(Dj.r) can be approximated as follows.

P(Di) = ()

where T = D;;,%

According to the MGDs D} mentioned above,
the cumulative distributions P(D}) are as follows.
For the maximum D} of the SLTF representatives
1.0, P(1.0)=0.0144. According to the P(Dj};), the
magnitude of the SLTF representative Hj7 is in the
vicinity of the average < H;, >, where the distribu-
tion of the individual SLTFs was densest. This
result suggests that the use of the SLTF representa-
) can minimize the proportion of poten-
tial listeners with poor localization accuracy to the
target position. It is based on the assumption that
deterioration of localization accuracy is due to
distance between the spectrum of the SLTF represen-
tative H;i(f) and that of listener’s individual SLTF

Hjer(f).

4. PSYCHOACOUSTICAL
EVALUATION

(9)

4.1 Experiment

In order to confirm the effectiveness of the SLTF
representative H(f), we conducted listening tests.
Deterioration in the localization accuracy was
assessed in comparison with the subject’s individual
SLTFs Hy(f). Therefore, 28 of the 56 subjects
with whom the transfer functions had been mea-
sured, participated in the experiment. All the sub-
jects were of the ages of 24 to 48 and had normal
hearing. -

4.1.1 Setup ‘

Tests were conducted in a room in which all the
transfer functions E;(f) and Gu-(f) had been
measured. As shown in Fig. 5, stimuli were
presented through a headphone (SONY DR-200),
which was used for the measurement of the
headphone-to-eardrum transfer functions Ej(f).
The rest of the setup was located outside of the
room. ‘

Source signals for the stimuli were produced by
using a broadband noise convolved with an impulse
response of individual SLTF /;.(n) or that of the
SLTF representative Aj(#) by means of a convolver
(NIPPON KYASTEM Sim**2) for each channel.
The source signal was a quasi-random digital
sequence .generated in another computer (HP-755)
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Fig.5 [Illustration of setup for listening test.
- and recorded by digital audio tape recorder (SONY MO123456.ex1_1 FR(())NT
77ES). The playback signal was converted to an Block No. 1 Click the azimuth!
Trial No. 1 80 30

analog signal using a digital-to-analog converter
(SBS DASBOX 200) at a sampling frequency of 48
kHz and passed through a low-pass filter with a
cutoff frequency of 20 kHz (NF P-88). The level of
the stimuli was set to be 70 dB (A-weighted) at the
miniature microphone that was used for measure-
ment of the transfer functions Ejx(f) and G (f).
4.1.2  Procedure

The SLTF representative H£(f) and the individ- -

ual SLTFs Hy,(f) for the 24 azimuths of target
position were investigated for each subject in 480
trials. The sequence of the 48 conditions (2 class-
es X 24 target positions) of SLTFs Hi(f) or
Hji(f) was randomly set in advance. That is, the
number of trials for each condition N was 10. The
experiment with 480 trials was managed for each
trial block with 120 trials in the random sequence.
The subject was not informed with the condition of
SLTFs to be tested. , ’

In each trial, the stimulus was binaurally present-
ed for 2 seconds. The subject was supposed to sit
on a stool located at about the center of the room.
The subject was instructed to respond to the appar-
ent position of the sound by clicking a mouse on a
diagram (Fig. 6) displayed on a monitor (Macintosh
SE) immediately after presentation of the stimulus.

4.2 Results and Discussions
42.1 Measures of deterioration

The deterioration in localization accuracy for
SLTF representatives H;i(f) was scaled for each
subject £ by using the differential front/back confu-
sion rate AN and the error angle 4@, The
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Fig.6 Diagram for responding the apparent
position.

differential front/back confusion rate ANgg was
defined as

ANrei= (NF*B - NFVBk) /N ’ ( 1 0)

where N and Ngp, are the numbers of trials for
front/back confusion when the SLTF representa-
tives Hj(f) were used and when the individual
SLTFs H j(f) were used, respectively. The
increase in the differential front/back confusion rate
ANrpy, indicates the deterioration of the accuracy in
the front/back judgement for the SLTF representa-
tives HE(f). :

The error angle 4@, was calculated as the mean
difference between the azimuth of the apparent
position for the SLTF representatives Hji(f) and
that for the individual SLTFs H.,(f) for each
azimuth of target position and subject k. That is,
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46,= 205 Bus) N, (1)

where the 67 and the s are the apparent azimuth
for the SLTF representatives H(f') at a trial s and
that for the individual SLTF Hj,(f), respectively.
Prior to calculation, the apparent positions were
modified such that the front/back judgement was
resolved. Therefore, the greater the discrepancy in
lateral judgement between the two classes of SLTFs
is, the error angle 4@, should increase.
4.2.2 Differential front/back confusion rate 4 Nggs
Figure 7 shows the average of the differential
front/back confusion rate over subjects < JNpg > as
a function of the azimuth of the target position.
< ANz > for frontal azimuths apparently exceeds
that for backward azimuths. The use of the SLTF
representatives H7(f) contributes to the excess,
given the average front/back confusion rates that
resulted : 0.45 for maximum < Ngg/N > (azimuth=
15°), 0.04 for minimum <Ng&/N> (azimuth=
—150°) when SLTF representatives HE(f) were
used ; 0.16 for maximum< Nggr/N > (azimuth=
15°), 0.03 for minimum < Nggi/N > (azimuth=
165°) when individual SLTFs H;,(f) were used.

Based on an analysis of variance based on the N& -

and the Ngp, the non-zero significance of < JNgp>
was tested.  As listed in Table 2, the F(1, 27) values
indicate the non-zero significance for azimuths of
—60 to 60 degrees [F(1, 27)>4.21, p<0.05], but
not for other azimuths, including the negative

values for backward azimuths of —150°, —135°,

—120° and 165".
Figure 8 shows an example of the differential

0.4

o
-
A LI B B L B
o]
o

o}

azimuth (deg)

Fig.7 Average of differential front/back con-
fusion rate <ANgs> as a function of azimuth
of the target position for a subject.

front/back confusion rate AJNgg. as a function of
modified MGD D, between the individual SLTF
and SLTF representative for an azimuth of 45
degrees. ANgg; is plotted with circles for each sub-
ject k. The modified MGD D, is defined as fol-
lows :

Dyy' = Drir®+ Drir® (12)

In this example, the differential front/back confu-
sion rate 4Ny, appears to disperse independently of
D,,. The nonzero significance of the correlation
between the ANgs:, and the Dy, was evaluated by
using the value #(26) for each azimuth. According
to the #(26) values listed also in Table 2, the correla-
tion between the ANps, and the D, was

1.0
3 o)
0.5
x  } o o
$ - @ o
= 0O 0 00
< @ oo a»
00F o 00 O @
L o o)
_0.5_ i ] 1 1 1 1

0.0 10 20 30 40 50 6.0 70
modified MGD D'y,

Fig.8 Differential front/back confusion rate
ANk as a function of modified MGD' D,,”
between the subject’s individual SLTFs and
the SLTF representatives (azimuth=45°).

Table 2 #(26) and F(1, 27) for the differential
front/back confusion rate JNgp: as a func-
tion of azimuth.

az(‘d’gg)th F(1,27)  1(26) az(gzg)‘h F(1,27)  1(26)
—180 191 —1.13 0 7.76 1.30
—165 324 —035 15 526 270
—150 081 0.72 30 1075 2.25
—135 069 —0.74 45 1706 236
—120  0.80 0.24 60 1120 0.82
—105 130 —0.15 75 4.12 1.67

—-90  — — 90 — —
—-75 215 —045 105 128 —0.29
—60  8.29 1.69 120 177 0.63
—45 502 122 135 2.19 043
—30 11.23 242 150 279 091
—15 594 230 165 087 —0.65
277
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significantly nonzero for frontal azimuths of target Table 3  #(26) and F(1, 27) for the error angle
positions of —30, —15, 15, 30 and 45 degrees but A@{c asa function of azimuth of the target
not for other azimuths [#(26)>2.056, p<0.05]. position.
These results indicate that the larger the discrepancy azimuth zimuth
between the magnitudes of each class of SLTFs is, (deg) FQ,27) 126) a(deg) FQ,27) 128
the more frequently errored front/back judgement —180  0.99 0.77 0 368  —081
tends to be for frontal target positions. The —165 058 —0.04 15 064 —1.58
< ANgp> was maximized to be 0.289 at an azimuth —150 0383 0.44 30 257  —0091
of 15 degrees. For other azimuths of target posi- _igg 532 8(3)2 2(5) gz; 82;
t}on, front/ b.ack Judgergent_was .found to be insensi- _105 062 __0:47 75 1:57 0:41
tive to the discrepancy in magnitude. 90 082 —1.17 90 0.99 0.39
4.2.3  Error angle 46, —75  0.50 126 105 0.19 0.23
Figure 9 shows the average of the error angle over —-60 396 —0.10 120 221 . 028
subjects <4@> as a function of azimuth of the —45 133 —015 135 264 —048
target position. The <@ > for frontal azimuths =30 215 0.50 150 2.38 0.58
between —60 and —15 degrees and that for 30 24 198 165 232 043
6 -
4 _ degrees apparently exceeded those for other
i ©% o azimuths. However, statistical analyses on the
52 F o 0.0 apparent azimuth for two classes of SLTFs indicat-
S | %o © ' ed that the <@ > was not significantly non-zero
§0F OOOO I for all azimuths tested [F(1, 27) <4.21, p> 0.05;
N = 3_0 o o o see Table 3.]
i Figure 10 shows the error angle 4@, plotted as a
a4k o ' function of modified MGD Dy, between the two
I classes of SLTFs for an azimuth of 45 degrees, with
,,,,, L . C ,
—?180 "% (‘) % T80 no systematical variation in the 4@, over D, .

The significance of correlation with the 4®); and the
D, was tested for each azimuth. Table 3 also lists
Fig.9 Average of error angle <J6> as a the #(26) for the error angle 4@;. - In relation to the

function of azimuth of the target position for a £(26), the correlation with the Dy, over subjects is

azimuth (deg)

subject. insignificant for any azimuths [#(26)>2.056, p<
0.05]. The insignificant correlation originates not
4.0 6 0 _ o only from the difference of 46, among subjects but
o % also from that of the apparent azimuth among trials.
20k o © 6 000 The 46, ranges within the variance of the apparent
o 1 o ) azimuth among trials, typically 5 degrees. As
% ° o o ' " regards the variation in the apparent azimuths, the
® 00 °© Oo insignificance in the 4@, revealed the robustness of
< o & o lateral judgement regardless of the class of SLTFs.
20k o ' ‘
4.3 Discussions
o We now further discuss the results in subsections
4.0

00 10 20 30 40 50 60 7.0 | 4.2.2 in connection with the individual distribution
modified MGD D'y, of MGDs. Recall that the magnitude of the SLTF

Fig.10 FError angle 4@ as a function of representative H,y are 1n.the 'VlClnlty of the a.lverage
modified MGD Dy, between the subject’s indi- < H;, >, where the distribution of the Hj, is dens-
vidual SLTFs and the SLTF representatives est. With respect to the density, the magnitude of
(azimuth=45"). the SLTF representative Hjf may approximate those
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of the majority of potential listeners Hj.,. This
"approximation reduces the overall distortion of
spectrum of SLTF, which gives cues to front/back
judgement.

However, front/back confusion was frequently
observed in the use of the SLTF representative
Hji(f) for frontal azimuth of target position. In
addition, the differential front/back confusion rate
ANgg, was found to be individually dispersed, irrele-
vantly to MGD. These results indicates that the
sensitivity to spectral distortion, that is assumed to
distract front/back judgement (Begault, 1991 ; etc.),
depends on listener.

Owing to the considerable dispersion in the
differential front/back confusion rate 4Ngp, among
subjects, we were unable to determine the limit of
allowable discrepancy between the individual SLTF
H,i,(f) and the SLTF representative Hj7(f). For
example, at an azimuth of 45 degrees, the interval of
confidence in the correlation o between the JNggs
and the modified MGD D,, was found to be 0.36 <
0=0.84 [p<0.95] (Afifi and Azen, 1972). When
the ANzz, is allowed to be up to 0.25, the modified
MGD Dy, can range between 0.288 for p of 0.36 and
0.471 for p of 0.84. In relation to the modified
MGD Dy, of 2.88 and 4.71, the probability integral
over subjects Pio(Dy,) are respectively 28 and 97%.
The Py(Dy,) was defined as follows:

P D)=\, 20(8) alt (13)

where T'=D,,2 and y,%(¢) is the twelfth order of
chi-square distribution.

The broad range of probability integral over
subjects Pio(Dy,) may well deprive the allowance
limit of significance.

5. CONCLUSION

We have proposed a method of representating
SLTFs based on PCA, in an attempt to find a
compromise between the feasibility and localization
accuracy. For each ear and position, the represen-
tative was determined to be the SLTF whose weights
representing the contribution of each basic spectrum
best approximated the average weights.

According to the statistical evaluation, the spec-
trum of the representative can approximate that of
the SLTFs for the majority of potential listeners.
This notion is supported by the following facts : (1)
The distribution of weights of SLTF among subjects
is assumed to be a multi-dimentional normal distri-

bution that is densest around the average. (2) The
weights of the representative can approximate the
average, compared with the distribution of weights
of SLTF among subjects.

Psychoacoustical evaluation of the effectiveness of
SLTF representatives was considered in terms of the
significance of increase in front/back confusion rate
and that of lateral judgement error. Compared
with the subject’s individual SLTFs, increases in the
front/back confusion rate and the lateral judgement
errors were found to be insignificant in most cases.
In other words, localization accuracy to the target
position was maintained even in the use of SLTF
representatives. In contrast, the front/back confu-
sion rate increased for frontal azimuths of target
position, compared with that for other azimuths.
However, a limit of allowable discrepancy between
the SLTF representatives and the individual SLTFs
could not be determined due to the considerable
dispersion in the front/back confusion rate among
subjects.
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