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STV HZ I 1-4], brrbUSTEREE H
FcaR2EDMM At HRTF 24K T& %
PNP(Parametric Notch-Peak) HRTF €51
ZHREL TWw3[5].
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Mt7ax 2% X DEHRICL 72713 XL
BERL, TN BB LLT SV r—rayv
ZhFE L 72, 61T, HHREMIERRIC KD
KL AR %2 BEE L 7z,

2. AL HRTF £ D245
AWM TRE T 2 2RO AMEHRTF 42
JRIGEIZ T D (1)-4) D 7 at 2RI 1
% (Fig. 1),
(1) 1IEH M 7 510 PNP €5 )L D
KIEFT DN HRTF D42 )%
IEHH O AL HRTF D42 )%
2RZEDEE T DAL HRTF D4
#7ak Z0FEM%E 3-6 T3,

)
(@)
(3)
(4)

(2) Selection by a listener,

(3) N2 estimatign

(3) Nz estimatj
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VILIEILlL]Y

(1) 7 PNP models
1 1 1 1 1 1 1
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Vertical angle [deg.]

Frequency
S
—O

(3) Estimation

Fig. 1 Schematic diagram for generating the
individualized HRTFs using seven PNP HRTF
models.

3. EFE 7 ARDPNP ETFI/LOHEE
IEH IS BV CEMHRTE & A% o3 5RE
HEAE JE % Bt 9 2 e/ HRTF ORERR E 3 1%
4 kHz DL BT b AEBOBEN 25D /) v F
(NI,N2)t 25D —27(P1,P2)TH 2 I LM

5 X T 5 (Fig. 2)[6,7).
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Frequency (kHz)
Fig. 2 An example of parametric HRTF.
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PNP € 7)L1%, N2 5% E— A
BE LT T X —% Z2HEEINICEBLT %
[6]. N7 A= DFKETEE 3.1 HiBLN
3.2 ffilZR T,

3.1 N1 - P1 P2 BEiRBOETE

B 7 A BT, R 118 HArvz
WICEK T D N2 JE B R ST 2 R
N1,P1,P2 s = fEIBZ% & § 5 Mot
ZiTo 7, fERO—H L LT Fig. 3 ICIEHA
o> N2 BB E N1 EEBORGRZRT.

mlfEatic X ) #EE L 722 N1, P1, P2 F#%k
D57 % Table 1 IR, W o filh)
B W T H YR E T A BB (0.1-0.2
oct.)[8]1& D b/INI oz, T, BEDFH
BN % HA
P1 13 100%, P23 96-100%TdH - 7=.

1%, N1 BT 79-98%,

" Generation of the individualized HRTFs in the upper hemisphere using parametric notch-peak models in
the median plane - Reformulation of the model and simplification of the individualization process -, by
NAKAMURA, Fuka and IIDA, Kazuhiro (Chiba Institute of Technology).
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Fig. 3 Relationship between the N2 frequency and
the N1 frequency for the front direction.

Table 1 Mean residual errors for N1, P1, and P2
estimation in the upper median plane [oct.].

Vertical angle (deg.) N1 P1 P2

0 0.09 0.06 0.09
30 0.09 0.06 0.11
60 0.09 0.07 0.10
90 0.06 0.07 0.10
120 0.05 0.06 0.09
150 0.07 0.07 0.09
180 0.08 0.08 0.09

32 LRNILELTQDEE

BIED ) v F L ~)Li3 118 4o HRTF
DE—PUTAiE, ©— 27 L~V =5y
BreHwiz, /JvFEE—T7DL)LENH
fETiEe <, B EE=Tmhi s
L2-Hdng, BEEED ) v F & €— 7 2
L9 T25%20Th5, QIFFHfE%E
7-.

4. KRIEAMEDEA HRTF D4R
PNP £ 5V %Z H\wTeaR2ofH Ak
HRTF #4883 % 9 27T, Dl b 14
2D TUIIEEE [ B 252 8 L ¢ N2 A
BB DGR - BE 2T ) MDD 5. AWK
TRz ERESHE L, ZoMbE, K
TEI3 N2 B DE NI X 5 557 D5
DI C, I KD SHERGE IS L 72 N2
B HWT LT WHRAITH 27-0TH 5,
KIESE D 118 HA-DFHEH N2 B D5y
MM % R 72, w/IME & RfEIE, 20 Z
L 11813Hz & 16219Hz TH > 7. 2 D4
#ipH % 1/120ct.(0083 oct.)HfE<T 9 FsED
AT AVITGT T, il X 91T N2 JEE
DAL 0.1-0.2 oct. TH B 70, hF
Y Ok IZ RN T T 5. REHFAD
PNP €7 Z2 T, %453 D N2 [
Bzt L7z 9 o HRTF 24 L 72,
HEHE 137K & BT TR O S BB ENIC X D,

9 i HRTF Z B8 X LER TR b AR NIH G
9% HRTF Zi&R$ 2, #Ed5H73YT
&, AKFHEBECIXMHLEZ X, Wbnmg
B CIERKIERME S, 7/, WAL TwRLD
T3 TRRWT D PLE XN EE T S

5. IEFEDEA HRTF D4R
5.1 IE#E 6 AMDOEA{L HRTF D4R

4 FCHRR L 7. KIEH 1D HRTF 225 12
RiErhmofto 6 A kA A 0°, 30°, 60°,
120°, 150°, 180°)dfEl At HRTF % 4R
5.

5.1.1 N2 BB D H#ERE

KRIEFT D N2 B> ofthad 6 Fimo
N2 Az HEE T 5.

118 B vz F\w-CRIEA D N2 B E %
MATER, IEHofthio 6 o N2 JEHE
ZHEBERE T AR 21T 7%

mfsatic X ) #EE L 72 6 J5 o N2 &3
DNV, BXOEREDTIIBICEEN S
#H &% Table 2 1278, P¥957£1% 0.03-0.07
oct. TH D, WTNDHEIZTEWTHFAHIHE
XD HNEot-, F72, BEIFRIIENIC
INFE 2 HMMZ4Ho 87-100%Th - 7-.

Table 2 Mean residual errors for estimated N2
frequency and ratio of pinna of which residual is
within jnd.

Vertical angle  Mean residual error Ratio of pinna of

(deg.) (oct.) which residual is within jnd
0 0.07 0.87

30 0.06 0.90

60 0.04 0.99

120 0.03 1.00

150 0.05 0.99

180 0.06 0.95

5.1.2 N1 - P1 - P2 BIRE DH#TE

EddE 6 Ao N1,PLP2 %z 3 & ¢
&R L 727510 D PNP € 5L % VT N2 &
BB S HEE L 7z,

513 LRILELTQ DERE

3.2 it~ kI, HEHAEAD vFL
~VIZRA 118 H D HRTF D —Pusrii,
E— 7 LU =iz vz, Qi
P E 72,

5.2 EFHEOERAADEAL HRTF O&RL

B 7 Ao AL HRTF @5 X —
Y DFIEAIRIC X D IEREOEED D 3
7 X =% Z#E U, M AELHRTF 2 4% L 72,
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BOEDZEIC X 9 [9,10], 1kHz fHETH 5
@O HRTF (ZIEf & D 149 CT5.6 dB Hik L,
Z DHEBAAISICNIN T 5 E— 7 (LU PO & I
S)ZEML 7% HRTF € FILIERERE T &
D HBRTOBFEREMBEIERICH LT3 Z
ExmL 7,

PO OREEEE L OV HEBEOEAEIZ/NZ
WZ ED o, IEHE O EFf 120-180°D PNP
T FIVICHEEMD PO 2Nz 72,

6. 2RZOEEFHRDEAL HRTF D4R

EREERIE TR O AE AL HRTE (15 M 125
U7z EHZEREZ M A T[], £2REDIT
B J O At HRTF % 4:5% L 7= (Fig. 4).

Zenith
o

Median plane

Vertical angle
Sagittal

plane

o
Horizontal plane Front

Fig. 4 Sound image localization for arbitrary
directions in the upper hemisphere using the
individualized HRTFs in the upper median plane
and interaural differences.

7. AL HRTF OB RENIEE DIRIE

2EMPS 6 EETIIBRAEZT7LDY AL %
B L 22 RKEE At HRTF 7 7°Y %
MATLAB TBi% L 7z(Fig. 5). Co7 7)Y %
FHOTHERCE 3 5 2ME At HRTF %2458 L,

©) 510 | oy Savo HATF - Rowa HATE | 0= Rona v

Fig. 5 GUI of the application software of PNP
model for HRTF individualization.
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&7 v LIEIC 10 BSO8R L, 3R
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7.1.2 REHER

HWebEE O IR D% % Fig. 6 12187,
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BT, Wi 2 13 BEES7A7M 30-120°1C
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Fig. 6 Responded azimuth angle to the subject’s
individualized HRTFs in the horizontal plane.
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Fig. 7 Responded vertical angle to the subject’s
individualized HRTFs in the median plane.
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Fig. 8 Responded lateral angle to the subject’s
individualized HRTFs in the transverse plane.
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Fig. 9 Responded vertical angle to the subject’s
individualized HRTFs in the transverse plane.
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