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DIZDOWTE L DIFZEDSHED &, TATREE
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DEETHZ I EPHLLIZEINT NS
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HHNZ BT, 4HﬁL[Wmﬁ\%TT%
HHETH S 2 EDRINTWB[L], FAKF
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W35 2 b DD 4kHz EisoEE 4 R
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PDOBFET L EEZO6ND,
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2. 4kHz LITDrIA E% A D HRTF D&

4kHz DTN OB G RARE DO F030 ) 2R
518, BAFBZL 118 H/ro HRTF % A
THRGFERITTDART FILLN)LDEERD
7z (Fig. 1). % F v FDEEND (B I5-HiT)D
LRLEZRLTVS, ZEAEDREET
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Fig. 1 Amplitude level difference of the HRTFs in the
rear-front direction for 118 ears.

%z 2T, 1500Hz LT ofRicBWwT, %
75 ERiFD HRTF DL ~)L#ED 118 HAfrd
S L 95%EEIX [ 2 B L 72 (Fig. 2).
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Fig. 2 Mean amplitude level difference of the HRTFs
in the rear-front direction for 118 ears. Bars denote the
95% significance range.

L NOVFEDRK & 75 B R R B
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E R LT 1kHz fhacHBL, Z D AE
NI W EDBHL NI T,

3. TkHz O SHERERE & ARREFIB &
e

1kHz o 5B R 18D S T2 75 [ H R O
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O, g L i %,

Blauert [ZIEHHICE W CHEIEAFANCE D
o3 REDH (AT, B, B EGR%
HET2HENFET B2 E2HRAL, A
PrE T (Directional Band) & FEA 72[3).

#% 77 & 17D HRTF OFRIEL <)L 70D 118
HAr D N-HafE & 77 mpeed vl z s U 72652585,
HIG 8 & O O BRI EGTIR I Z2 2
DOJFmPRERRE —F L7, Lo L, Jimk
EABIEATEAE 5120 U T 5 g i
PUEEHALTHZOHMICEE L -5 R%E
ML W 2 EBHE I T 5[4-6],

Z 20, JImRERTED AT EAE S 1T L
THHAAROTFE2D & L THELET 208
PITDOWT, RETHHT 5.,

" A cue for front-back sound image localization in the head-related transfer function below 4kHz, by
NAKAMURA, Fuka and IIDA, Kazuhiro (Chiba Institute of Technology).
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AT 1kHz O 58808 3 B A s IR g
BRI L TOBAAEOFHILD £ LTHF
5330 B 2T 5,

4.1 EEEBES O ERAMNEDOFEMND

bNHIUFEHRHRTF OIRIEA L7 F L%
BED) v FEE=TIZORL, 20— %
Tx ez OCTHAER LIS A ) v 7
HRTF(DAF pHRTF) %Z#24 L, EERIES i
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250/ vF(NI,N2)E 25D —7(P1,P2)

(LAREN/P L 5dil)TH 5 Z & 2 FLH L 72[4,6].

Fig. 3 12 1Ehio HRTF #7:7§ . N1,N2 &
BISHIEDI 0 6 ERT 212200 TR
DL %0, 120°0MhETRbES S, 2D
X 9 BRI AR A DS R AR O F i)
DELTHEBELTwE EEZLNS, —T,
P1,P2 AU SR B b & I3 IF—E
Th 5. FIREF AL 22\ P1LP2 25 E5A
AAIRICHIETH 2 BHICOWTIIREHD 5
D71, EWERDDDIEE,
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Fig. 3 Relationship between vertical angle of a sound
source and frequencies of N1, N2, P1, P2, and PO
in the HRTFs in the median plane.
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Hi7°_ 77 Clk 0dB BUFCdH % 23 180°FHiT
Tl 5dB BEREBL T2 2 EPBEIN
2 (1 W ofEM). P1,P2 EEEEIC, 1kHz
D B R PE BRI ISR T 5 B — 7 (DU PO
ERES)IIBAAEDOFHE»D & LTHFSLSL
TWBREEZ B ENTES, Fig. 4 D&M
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Fig. 4 Relationship between the directional bands for the
rear (orange), the front (green), and above (blue) and the
PO, P1, and P2. Solid orange and blue lines denote the
mean amplitude difference of the HRTFs in the rear-front
direction and above-front direction, respectively.
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£ FILIZ PO Z M Z, pHRTF(NIN2P1P2+P0)
ZERL L 72, PO (3 fthd N/P & [AIRRIC 2 R TIR
DE—=XV 77 4 V7 TEKL .

b 5 wehiE D7 04| HRTF & pHRTF
% Fig. 5 IR T, POZIMAZZ EI2koT
1kHz {535 ¢%EMl HRTE ® 2 R 27 F LIZiED
C T BN S,
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Fig. 5 Comparison among a measured HRTF and
parametric HRTFs (NIN2P1P2 and NIN2P1P2 + P0)
for the rear direction.
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5.2.2 EERIER
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BelE 1,2 135 G300 LA L7, #ilaE 3
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Fig. 6 Responses to the measured HRTF, NIN2P1P2,
and N1IN2P1P2+P0 for the front and rear directions.
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Vg FRAMAE%Z Table 1 1ICRd, 00k
180°d 5%l HRTF Tl&, #%i& O F-HfH 1%
1.0°L 2.5°CH -7, 180°D NIN2P1P2 ¢
12 10.9°, NIN2P1P2+P0 Tl 4.4°CTH - 7-.
WTNOHERE 12 BT H NIN2P1P2 i2 PO
AT 22 8k ) ERABEIXET L .
Table 2 |z B A 180°d 54 HRTF,
NIN2P1P2, NIN2P1P2+P0 ® Tukey D%
HILEBE DM R 2T, %Ml HRTF &
NIN2PIP2 ofiicid 3 4h 2 4 CHE %%
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DFRD 5N 7= (p<0.01). —J5, FE#HlHRTF &
NIN2PIP2+P0 DRI W N #rE b
GBI 5o, NIN2P1P2 &
NIN2P1P2+P0 DHICId 2 A THELRAN
N AW

Table 1 Mean vertical angle error [deg.].

. 0° 180° 180° 180°
Subject
Measured NIN2P1P2 N1N2P1P2+P0  Measured
1 1.3 13.5 6.6 4.3
2 1.2 17.1 5.1 2.0
3 0.4 2.0 1.4 1.3
Ave. 1.0 10.9 4.4 2.5

Table 2 Results of Tukey’s multiple comparison test
among the measured HRTF and parametric HRTFs for
the rear direction. **: p<0.01, *: p<0.05.

Subject Measured NIN2P1P2  N1N2P1P2+P0O
Measured -
1 N1N2P1P2 *E -
NIN2P1P2+P0 * -
Measured -
2 N1N2P1P2 *x -
NIN2P1P2+PO *x —
Measured -
3 N1N2P1P2 -

NIN2P1P2+P0 -
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5T,

2 F 0, NIN2P1P2 DR D 22/ 72 A D3
DIXSEH HRTF X 0 HIAD 5 (BBIERT %)
78, PO ZAHhNd 2 2 &1 k > T HRTF &
DRI B EER 5,
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Fig. 7 ASW for the measured HRTF (A), NIN2P1P2
(B), and N1IN2P1P2+P0(C) for the rear direction.
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