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In order to realize VR in sound reproduction (3D sound reproduction), we
examined a method to generate the individual head-related transfer functions (HRTFs). As a result,
it was shown that the individualized HRTFs, for which an individual listener localized a sound image

in the front direction, can be generated using the data of pinnae shape. In addition, we obtained
knowledge on the pinna region that should be used in the HRTF individualization in order to improve
the accuracy of sound image localization. However, it was suggested that a machine learning-based
algorithm should be considered for general consumers to obtain the pinna shape data from the pinna
images that can be taken with a smartphone. In addition, due to the behavioral restrictions caused
by COVID-19, we have partially modified the initial research plan and developed a toolkit, by which
listeners can generate the individual HRTFs in the upper hemisphere by themselves.

HRTF 3



B X C—19. F—19—1., Z—19 (@)

1. WFEBRAE 4O B

N=Fx V7 U7 1 (VR) OWFERBEAHRFTED LTS, HO VR (3 RICHEH4)
X, BEECE AN OEEMEERI S (HRTF) Z HWAUEER T 525, A HRTF CTIXpi# J7m %
Mo TR TR EOMENRETLZ ENMbLNTWE, ZOMEERIT 570, FHEEE
(AT A EB O HRTF Z 42492 ik, 3720 B HRTF O MEFTERFFE SN TWD, ZhvE
THFEMARERE 1L, HRTF ICE ENL2ARENRER, T20LHFRMEOF#HN 2+ 5 5%
EMEBREZITNA DD 7 77 % (4kHz UL E TR O EAEBOE N2 5D/ »F NI, N2 & 25D
—7 P1, P2) M 3 WTEEFEICBOVTHICEETHL ZLE2RLTWSI[L, 2], X THEE
RFEF IS HEEE O HRTF OIRIE A7 hVvEBENR O ERIFRUIC L O HEE L TERT D 2
LIk, 477 X2 EEURIRIBARY MVEARTE D2 RLTWA[8], LrrL, &
D VR ZFERL L, #310EkT 5 7= 0121%, HRTF OARKEEIZ A+ Th 5, £7-. BEEE O
ENEREA~— R R OB AT R ENLHBEGFHIT L AT 2O LMLETH D,

2. WEoOHB

AR TIE, LT 4 82 B E LZ, 1) BEEREE O ENIZR D HRTF O /v F « & — 7 &K
EHEET D HEEMSI L, T 4 VX NVT 4 Z TEAMME HRTF 2495, 2) HRTF ARk % kb
FEALT B BRI AT 2 R 55, 3) BIBIR AT A —2 2 A#hEtHT 5 2 L 23l b,
4) AR U7 AN O HRTF OF 02 S8 e BRI L 0 83 5,

3. WD

(1) 77—~ 1: BENIIR T A =212 X DE AN HRTF ARk

2019 HFEIIME AL HRTF DA HFIEORFHINL > T, T HRIF O/ v F L B —27 ZRE X<
T2 72 DI HRTF OET UL FEERGT L, BT VDR T A —2 Ol 2 il iz, S 512,
ZOFETFIVEHBIGHICE Y EADHRTF O/ v F R AFAET D B 2 e e+ 5 5
EEmE Lz,

2020 FERE I NL, N2 BB O EREE DO FARF Li-, S 512, #E L7 A D N1, N2 &
¥ bin Z HWTEAD HRTF Z245% U, 1IEM G & %5 & U7 3G Enr 25 % 350 L7z,
2021 T n THICB W TEZRET 5720, BNIRT — % AFRICKIB2ITENIFI 2 AE T
ATEEE & CILTHESE L 72 B D HRTF DA 715 % 2R OWHRE 2 AW CTREET 5 Z E N TE )
Sfc, TZTRERE LT, BEEENSHRBE LN OHEAT S IRIF 2 A8 TAERTE 5 Hike
L7

(2) 7—= 2 : HRTF ARk % @g L3 2 B R EHRI & T O B R

2019 FREIXEREFH A~ 25> (KEMAR) OFIRT — & % T, #I# HRTF (SRR D & O SO
WOHBNRLOLITHNI N I a2 —a ek Ost Lz, £7-. BENa2AELA - BT - |i
BB IOEFHICHE Lz E &0 BEERIEFEIZEBT 5 NI, N2, P1, P2 @Z#Eh A MRI CTRHHIL
7= 4 4 OFESE LU0 H L7 EAR E KEMAR OENRE S I 21— 3 2L D RETL
77

2020 P IZHTR S HRTF OIRIE A7 RV Z2RD HER K VNG < 72 5 wlhelE
Db B AR A YERT A 7212, MRI TEHA L7 12 4 OEESEH 00 H L7 ENR T F R
0 AR R EHERAT T A4 TROTHUNERZ A2, R 2 B EREO L &% 5
L7z (K1), £/, BN OMIEE CTEIC/R 5 22 M EREEIC S 2 2 B2 e LT,

2021 4EJEIL 2020 FFEFETICa v Ba—F— I 2 b— g Ak o THEUR L 72 5 afReErEDS
EWETZ BN L, 20 2 E I L > THEME 5 2 & 2377, B ORI Ei 5 7)>
S EN A OEEHH 2 RS TR T 20 ENE R T 2 - OICHBERIC L > TRE T
—ZEWO LT, TR MELONT, ABORBENHG TE 2MRITEON o1, £
D=, PERIEOEERM FIEIC X DR/ ESORFI~FEHis L, 77—~ 3 LEE L TR
T blrot,

Ve 5

=5 (b) ’ (c)

K1 (a) B bLr—2x@Eg, (b) FHESEERE T GRINEEEZINZ D 5) .,
(c) ®DEICHENAT T A o EHFHWTEL LT,




(3) T—=3: BEIIR T 2 —4 O A EhFHH

HATMR 0 e & B ER O B 2 RV EBR A2 EfiT 57200 HEEHIFER IO
ZTOVAT LBFEBEE LT EED -, 2019 2T, 2—F— 3 & TREICHE IR
BEAITEXAZ AL, R—=F 7L F AL 22FH L TH L ENR A TRE T 2 HiExH
At L7o, e, B sz BB U Tl PNICEHI R AN E S Z L 2 F R ETEEmT S
ZEDEE LTz, Bk e — A2 AT HIEWESRICIR S TSR TE A Z LA BEE L, AlEER
FR VY 05 BN RS E A2 T 2 58 & Ui, BRI TIERE L, BaaEniic 2l
S8, BONIZEBGREN DR OB REZFH L CTRITZ2HEE T 2 FEOBIIICEY AT,
2020 X, BENIRART A—XOHEHhH T L TY X LD E LoD, HEFHI AT
LEBBICHET Lz, VAT A, UIIEEE LT, HOBREOEREOTFELIIL DL /3T A
— X DOMIED TE 2 X D ICREF LTz, HEOFEBRFE DL OB ER % RFRFICUET 572912
web N—ATIEETELI LA VAT AOREGHRE LT, 7o b Rk, 77 u¥e
javascript THEDOT v 7 r— K, AL vDOAT), HEEDO Y 7T AZ A L2FER, FHAIL
I RCOT—HE2AIEDEXTHIBLIOFY Yo n—RT&pZ &L LT,

2021 FEJE X, FHEBRETE CORMIEROFE A B L. 1) BEAIR ST A —% o BEfiH OME!,
2) VAT LSOOI AT,

1) EMIRNT A—% O HahihH

AR ST HERD D B OEi O E CORBEZFME L T2 L 2B L TEY [3], Z0FF
MEANT 5 2 E2Mmit Lz, B 2R3 25 2 &Il X0 EEMICERRE X O%REL % il
T2 HFERE 2 D720, WUREE 07 V3 ) X LORETEIT 572, £i2, H
BT < EBAFNE CTEL OERBND D FiEERX—2A L LT3 XA LT L TR
L7,

2) BENWR AT A =20 BEFHAIS AT A

2020 FEEICHRH LIV AT IOy b2y RBXWOWT —2 DA 172 EO BERLE OHEE R
FOMREHIE 7 v v 7 DS D FEEE T T,

(4) 7—~ 4 B b BEEHN L7 8 A O HRTF O A 2k F3E

IR FHICBWTEERT D720, BENEIRT — % AT KIEZ2ITEIHFINE U, 2020 4 F
TITHENL LT BN D HRTF DA F k% 25 OERE %= O TIRAET 5 Z E N TEX o T, £
TTOMRBELE LT, () ICRE L XD ICHERE NRIE L 2223 b A9 5 HRTF 2 B8 TARK T
EDHHEERFT DO E LT,

4. WF7ER SR

(1) 77—~ 1: BENIIR T A =212 X DE AN HRTF ARk

2019 FEDMTEOFER, ERAMRICHB W CTEEZRTHMND L7725 NI, N2, P1, P2 ZiEY)zHh
H 5 729 @ HRTF &5 /)L DS EEIE 1% 1/12 oct. & L 13 1/6 oct. L FIZTAMENH A Z
OGNS, EBIT, ZOFETFAEZWTHBISHIZ L D NI, N2 MFEET 2 B e
1% (1/12 oct. [Hifg) ZHEETH 7T Y XA ERESE L=, 112 HO HRTF (2% L CHEEEIT 72 &
AL BT — 26T A AR ERIINL, N2 2R E 76. 0%, 80. 0% Tdh o7z, RHDOH
A TlL 65. 0%, 62. 1% Tdh o7,

2020 4 FE OMFFEOFEFE  RFN O B IZxtd 5 1B H O N1 E £ bin 77 = U OB ER1T 83, 1%,
N2 J& % bin BT ) O ERIL 77. 8% f) - L7z, #5D NL EHE bin BT = U ORHRIT
74. 3%, N2 EAHE bin BT TV OWHRRIZ 7. 1% ThoT-, S 52, HEE L-EAD NI - N2 JE¥
Bbin 17 3V & HWTEAND HRTF 245 L, 1B S % %5 & U= S @ e 5% % 3506 L7z
R BEOBWEGREMNE LN TR R L (K 2),

e
Qo
S ©
T
o
o
o

w o v
S © o
T

Responded vertical angle [deg.]
I
~
S

o

80 ogg;
& © & & © 6 &
B2 Efmdgm (07 )z BEGME LB EEMMERM R, Biho Bl 206 B10 X OFEIE %
F, Mt IR oRIZ AT, 00 L 90° | 180° IXENEH., IEM. KIH, B EET,
OO K& SZEEOMEE ZFKT,

2021 FEFEDHFICOFER. [Fifi. KIA., %5 3 HH® PNP HRTF EF LA REZ L7-, PNP E5 /L
LI, HRTF % 2 2D v F L 25O —7 TR L, ZN6%E TIR 7 4 VX HANWTRT A MY
VI ICRBTDHETNTHD, ZONRIF 255 EEICHEEIELIETDHE, 3T A—X
X4 —7 ) vF =12 WRIT TORELIIEE 72 5 12 OIIR S TldZev, £ 2T, o7
A=A EOEIFE. b LIIEBILT A Z STk, FEMIT 1 XT A —F T A ko nlfe



RETNVEREE LT,

I BT, 3 HFmn b IEHHE OEEO R OE AL HRTF ZHEE 3 5 RFNE R 72, T
MZEERAZ NS5 2 L2k 0 ARZEOEED T O AL HRTE AR TE 5 L 91k o7,
AR U7 fE A HRTF OB ENL TR A AT o T2 5. ACERENOALE D T M ~DREE LW BB E
PENRARECTHDHZ EHR LT, LvL., EHTOEMBEIZBWTTIHZEORZEL TV 5D

(X3),

*7-. PNP BT L& W= 2R ZEE A HRTF AR E 3D Lo XY v 72 BHLT Y — L% v
(T r—ar Y7 ) ERFELE (X4),

S P b) 1 IE -
S 180f © © o () £ 100}® i é 9%
o ‘ @ 8

® 150 g & 2 150+ 8§ 8 3

s & A

5 12 o B S 120} 8

5 1 g o

Eo Q0 g0 o

N 8 g

o 60 ° 60 o~

2 d ’ (o)

© 30 @ © 30} P @

c . c ~a (o}

15 ‘ (a) : KFdE - S . -

a ot (I &03530 ©

[ - [ ’

o 2 < /
0 30 60 90 120 150 180 0 30 60 90 120 150 180
Target azimuth angle [deg.] Target vertical angle [deg.)

3 AR L7 AE HRTF (2 X 2 B UEN EBRAR, (a) @ ACFmE, (b) : I, AL F AR
T, fEEh IR OEIE TR 2R, ODRE SIXEBEHEZ R,

Parameiric Mot Pesk Wodel of HRTF (PNP-model)

Latorst e fdog]
N2 freq. [Hz)
9000 10000 1000 2000 13000 14000 5000 16000 000
SooHe ~100Hz ~10Hz 100000 (Hz) +10Hz +100Hz +500Hz
R Orovw e @se | (et (dyswe | M |Ezmsm) :
(a) :PNP &5 /L& (0):3D Ly &Y o 7

K4 BiL7E=Y—nFxy b (TFVIr—rar) G,

(2) 7—= 2 : HRTF ARk & @fg b3 2 B R EHRI & T O B SR
2019 F-HE OWFFEORE R, AR & O G OFIH HRTF ~O R8T E EH a5 <1T E/h&E<
20 EFEREFRmR TIXIZE A EB NN ERHONI o7, L L, FHEREFRHE TIL2.5
kHz OFIIC BN END Z & AN R o1, £, EAELHF NIRRT 5 & N1, N2, P1,
P2 AW EIIMEROWEME TR T LR, ERh—FHaIcHET 2 LIETOESNRTHE 72,
—J5. R M E NI, N2, P1, P2 L~ULDOEENIIE—EOMMITA SR &N SNk
277,
2020 FEOWFROFER, HIUNE & BRI OB INEEMEERIC G 2 A BT &Nk b KX
WZ ERHLMCR ST (X5), £, B OMIEE TRIC/ZR 2 ZEM Oy 2 b =545
BRONMAIZ: & BRI 2 72 & SR ERBABA~OREN R L KE W LB L MR
ST, ThbL, DOy OIARBEN TR S HRTF ORIE A7 L& EEYFTRD 5
BRUCEETH D AEEERE W Z ERBH LI~ T,

0.5
& 1[dB]
- 0.1
(@) )

X5 ENKEIMINERE 5 27-L XDAXT MVOEHEEE, (a) ERE (b) IUHERE,




(3) T—=~3: NIRRT A=%D HEFHA

BATIER 2 B2t o — 2R PICEG DT 2 L 2R, —IEEE DA
T D IERIBRER TIL, WEREERE DG TR BITORGENE LRI L)
D, EBAEEZEL CHLHENETOREIXEO N7, B EER—AL LT L2 X
AT, a2 O DI T — % B3R TERVIRILE 22 0 | HIFF T 2RSS
NWiehote, 07 PERGEE ZEE L THE LB 2 AT, BEfFolmstiit k2~
— AL TCT NI AT L2 ENEE LTS LN,

B ST EERD S BN OE O E COmRBZ M EEL T2 L 2R LTV (3], &5%
HEpb~— D —llE &2 T —— L BN EELOMRBORL M 2R E L 35 2 & et
LTz, Z D%, kDRI FENR—2 L LT3 Y AW & HARERO LIRSS
BADOMEIZ L DBIZ L VBENLZE L TELNRWZ ERH LN -T2, BELMREL
TWDEBRA S & T DR & SR EMN OB AYEDORERO M B2 HMNICIERT 272912,
HEko B O 217 > 7o, £ OflF 0ERIE OS5 1k 2~ — 2 ZBR%E L= FE T
HIRNLE 72 E OBGIREROSME 2 H HRERZ 5 Z LIk, BRI o82 B4 5 ke
NSNS, HERAEZEL THRHT A Z L3 T otz

U EOBFHC LY | A%ITEERE X O S FICEG LB X - TE D 5 BN & L1
& LG R O AEORETT 2 Z LRI TH D LW ) FRANE BN,

BB 27 AOEBRIZBN T, BIRRAT A—=Z ORBIET VI AADT 1y 7
PAMTsERR L TR Y . %X, BNER &I RSN T — 2 R— R E FEIET,
B EH =207 03 AL D FEEZRET S, b LIET—~ 2 THONTZFEEIC
BRI D42 N— 2 & LIS E L ED CHEMEER & 0B 28 7 7 e—F RN —LT
HDHZERMAE LTELNT,

(4) 7—~ 4 BIrmifg» b BEEHN L7 8 A O HRTF O A 2k F3E

IR FHICBWTEERT D720, BENBIRT — 2 AT KIEZ2ITEIHFINE U, 2020 4 F
TITHENL LT 8N D HRTF DA F k% 25O E %= O TIRAET 5 Z E N TEX o Tz, £
ITREBLEELT, (D) IZRE L7 &L D ICHEBE SRS L 722 553 % HRTF & B & CTARK T
X HHFEERE L. KEHHNOEE DT H~DREE LB G EMN AR TH L Z L AR LT,

<G HISCHER>

[1]1ida et al., “Median plane localization using parametric model of the head-related transfer function based
on spectral cues,” Applied Acoustics, 68, 835-850 (2007).

[2] Iida and Ishii, “Effects of adding a spectral peak generated by the second pinna resonance to a parametric
model of head-related transfer functions on upper median plane sound localization,” Applied Acoustics,
129, 239-247 (2018).

[3] lida et al., “Generation of the individual head-related transfer functions in the upper median plane based

on the anthropometry of the listener's pinnae," Applied Acoustics, 155, 280-285 (2019).



Kazuhiro lida, Tsubasa Aizaki, Takeshige Kikuchi 189
Toolkit for individualization of head-related transfer functions using parametric notch-peak 2022
model

Applied Acoustics -

DOl
10.1016/j -apacoust.2021.108610

Kazuhiro lida, Orie Nishiyama, and Tsubasa Aizaki 177

Estimation of the category of notch frequency bins of the individual head-related transfer 2021
functions using the anthropometry of the listener’ s pinnae

Applied Acoustics -

DOl
10.1016/j -apacoust.2021.107929

18 0 2

2021

2021




2021

2021

2021

2021

2021

2021

3D

2022




3D

2022

2022

Kazuhiro lida, Orie Nishiyama, and Tsubasa Aizaki

Estimation of the category of notch frequency bins of the individual head-related transfer functions using the anthropometry
of the listener®s pinnae

179th Joint Meeting Acoustical Society of America

2020

2020

2020

bin

2020




bin

2020

2020
2020

2020
2020

2019

2019




2019

2019

2020

2020

bin

2020

Kazuhiro 11DA and Fuka NAKAMURA

TOOLKIT FOR 3D AUDIO RENDERING USING INDIVIDUALIZED HEAD-RELATED TRANSFER FUNCTIONS IN THE UPPER HEMISPHERE

The 27th International Conference on Auditory Display (ICAD 2022)

2022




2022-024205 2022

2020-90035 2020
1

6986778 2021

(Takemoto Hironori)

(40374102) (32503)
(Chisaki Yoshifumi)
(50284740) (32503)




