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ABSTRACT

A Study on Miniaturization of Dummy Head

Using of the Person Himself Auricular Model

Author :  Takumi TAMURA
Supervisor : Yasunori SUGITA

In recent years, we have seen the development of services in 3D space, such as 3D
video technology and the metaverse represented by virtual reality, as well as the remote
nature of various interactions due to changes in social conditions. As a result, the need for
entertainment that can produce a more realistic feeling has increased. One way to create a
sense of presence is through sound image localization technology, which uses headphones
or speakers to make sounds perceived in various directions. This technology is expected
to be applied in the field of entertainment, such as movies and games, as well as in the
field of medical welfare, such as assistive technology for the visually impaired.

One of the methods of sound image localization technology is to use a dummy head. A
dummy head is a recording device made of resin that mimics the shape of a human head,
and the sound recorded through the dummy head can have a certain degree of realism.
However, in terms of sound image localization, it is difficult to say that high localization
is achieved. The reason for this is that the shape of the head and auricle is different from
the listener’s own, although it resembles a human, and this difference is thought to make
sound image localization difficult. In addition, the size of the dummy head is the same as
that of a human head because it imitates a human head. This makes it difficult to carry
around and record while holding it in one’s hand.

In this paper, we propose a dummy head system that can be miniaturized by omitting
the head shape and reducing the width of the auricle, and that can be used for sound image
localization. First, a model of the person himself auricle is created from the scanned data
of the auricle part of the listener, and a stereo microphone is created with only the head
part omitted. A comparison of the sound image localization experiment with and without
the head revealed that the omission of the head part had no effect on the sound image
localization. Next, we created a stereo microphone with a reduced auricular width and
conducted sound image localization experiments before and after reducing the auricular
width, and found a decrease in sound image localization accuracy due to the change in
Interaural Time Difference(ITD). After correcting the changed ITD by using the ITD

calculated from the database, the sound image localization experiment was conducted



again, and the sound image localization accuracy did not change before and after the
reduction, and the auricular width could be reduced.

In order to examine the effectiveness of the proposed method, we compared its localiza-
tion accuracy with that of actual listening, and found that the proposed method had about
20% lower localization accuracy. It was found that this was caused by a misalignment of
the notch in the head transfer function, which indicates the spatial characteristics near the
head. This may be attributed to the low accuracy of the person himself auricular model
created by the proposed method. As a method of improvement, the shape of the auricle
could be scanned by MRI or other precise measurement. In addition, this paper only
examines the horizontal plane, and does not examine the median plane. The median plane
information is also important to provide a more realistic sound, so this is an issue for the

future.
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1.1 WEE=

WA, N—=F %Y 7 VYT 1 — (VRuvirtual reality) Z{XFEL & 32 3 RITHUSEHTH
—RIIE D, EHIITIEXZAN=R L Wo T2 3 TN —F ¥ LVEBTOY — ¥ 2%
ERINATETWS. £z, mOEOHRIVEROZMIC L > TEFEPRH®E, HFEFT
HIEFBTOPLOWDIZRZ ZENELADNE LD RoT. ZhnilffioT, &b
HGEERHEE T2 DTERZL VX —TA XY MBRDOENDE LD o7
EEHH T 2 HED—2I1Z, "y FRVYPRRAEY =D —%HWTHA RAHNICE ZHE
B EGEMBAN [1]1 23D 5. SREMBANT E1EZ~Ny PR VENSFHET 2 ZES
R LA ES T 280 TH 5. ZOHME, MESS—24, 7I2—XX 2V H,
HEETORAR—VBH 2] b Wolc vy X —T A4 XY bOEF» S, HEREERTD
BRI [3] £ Vo 2EFEADE, Vo RREWTHAS AR ATV 2.

BHREMEMOFEDD o b — kb DL LT, HEFRZEREE (HRTF:Head
Related Transfer Function) [1] [4] Z W/ 51E235H 5. HRTF 21, b F & DS
ZHHET 572D FHI»DICLTOWAERTH Y, BHZEMOD 2 ALED SRS X H
7B EED OB ETOMMERBTH D, BEHICE, FRcHEMZ X > TR
EXN 3 [5]. HRTF IZEREBGEBCH L TELDNZ DL, 2k 77— &L
TR TRIL L Z8HE 4 > oL R % (HRIR:Head Related Impulse Response) %
HAELZVWERIH L TEAAD I LICK > THBEME ZEZ Z L HKE. &V
FEE D ERENMN 21T 5 7o DITITZIE T 2R AND HRIR 2 BEAACKEEDLRDH 5. &
FE DB BRENMN Z ML T E 2 HRTF 2 W= FiEED, BROMESHEFEETS. £
oMM =25 %. —DOHIEX HRIR OHYFFIETH 5. HRIR IZZHEE T3
ZHEIRONE, FICABICE->TERS. TDkD, HMEEZEDZ/2HDI2EZL DA
E2oDMMENPBETHY, ZOHHMERMDLD S Z e bR EENOEHED K
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{25, £, FHHIOBIIZTE OGO I WEREEE Y o Rk AR 3% i CHIE 21T
IRENDHY, BEHEOEERETOUE XN 72> TWnWb., ZD7®H, HRIR %z %(#E
WHIS T 2 Z L I3W#ETH 5 [6]. 2 HIX, HRIR DEAMICOWTTH 3. fAD
HRIR TOEBRENMNZITOHE, BWHEELZRONL ZLE3HETHD, IZLAYD
AT TSI R OREME % 54E X8 3 [7]. HRIR ZHEEiA, BEMEIRIC X -
TRELEER, P LS 2 MAEEDAD HRIR TH-> THHEMEEE T LI1ZZ
V. 207, BIEDD ORI, ZHEEOAHEELMRET 27-0I1I2XI -~y
R & W EBEMFIRICOW TR ThbATWS. FELWETFIE - oW
TIEREICHBRNS.

1.2 WHEEAM

HRIR OHIERFD & 5 LRk ikl 0 E e 83, ZHEH OIFRINE O & H % K
S, PMUERTo IO PR T VWH I =y FORTLAZERT L. HHREDOH
MEAF ¥ T =X P HER L BT T V2 W, BEEFE T OB, WE A EOHE
INeAT o T/ MR I =~y F2AER. ZHZ2HOWTIER LR T A + /4 X2 VT
WBRE DB REI TR E EM T 2. 2D, PERE OFEEER & OFBEEE % LK
T2 I TREEDHEIM 2 HETT 5.

1.3 ERIAERY

AL DORERE LLTICR T . 58 2 BECIEARERSCTH W 2 BEEEIVAER N 0B TR IRIC
DWVWTHNS. 3 3 BT, RS TRET 2 HEHBAMICOWT e mMEA RO/
DWVWT, ¥7Z20RICHAET 2MEOMIEATEIIONWTIANS. 4 BTIIRRETIE
¥ KEERF CEBREMERZITY, EMBEOEKEZITS. 55 BETREARIOMRE
BB,
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ARETIE, RESCTHW 2 BERRHAE - BT FRICOWTIAR S, 2.1 HiTIdE R
TENLFMT & ARG TI D FERERIZOWTIHRAR S, 22 HICEEBREME ZE LD
FRTODFERICONVT, 23 HTIEEX I —~y FITX 2 HFHRENMICET 2471
OWTIHRR S, F72, 24 i, 25 H TR FRBFBREMDFTL2LD L L TWBEET
H H M E R EZE & MEE L NLEIZDOW TN S,

2.1 BREMEMT & EIZER
2.1.1 BEREAMH

HIRD» S DFWHFBICENE L /2R, b M Z0EDHHPHEME IR T 201, Z
DEZEBREVD. £, COBEBROMNEZHIR T 2N ZEIREMEE VD . 25
2, Ny RRYZEDPSFEZEET 2BICHEAEZ TN L TH AR HEESOERE N5
L, RBEHICHAEBREEZS B L THRZIEZ2HMO Z e 2BFHREMER VS, Ay
RAR Y TOEBOWEREMEMOEFNIIRKE L ZODOFENFET 5. —D0 HIFTHHE
AR ERAWEFIE, 352008 KXI—~y ZE2REEHVEFIETHS. K
X TIEREDOX I =~y FICLB2FEER-RICT 50, KX DM b HE Y
7% 3 =DM FEIC OV TR TR S.

2.1.2 PEIEZR

ZITRE, KRMXTEHIRDO T ZRTERDOEERICOVWTHANS . KT 2.1
WWRLTW2, ZEEEH 2z LEKEEIERZ V5. 2 OEBERDERIIX
DEDTH 2. EEFERIIEGHONEEAD D2 AT OFRE S 5. KPHI
IR A (IRERD A 2 BHZERD TR D ERWA) & HER AL HEA D TSRS 528
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LCWAEL) Z&AZFEETH D, MIHEIIAGIEEAD 0% @3 27K FHICHE
RIBHECTH5. Fie, EFHEIIAKFER, MBEmHAICERT2HERoTW5S. A
ERTIIANAZ G, Nfa% o b3 5.

B, KX TREFEIKFEER EICHEEL TV REEITT 2 EER, RIEE21{T-oTw
57200 ¢=0° i 572, ZHLE o 3B T2dDeF5. KFEHEICE L T,
21 W RTIEMA % 0=0° & L, KETEIDIZ 0°~180° &ML TW b DT 5.

2.1: BRITEREER

22 BBREMEIEIELFZE
221 HEEMmERMZERVWI=FE

H B EEPFEICEET BRI, ZEE OHEEEK, BENhoBIROFEEZZIT 5.
Z DRRZZBEEREANC & o THE L 2 &5 ORIz R BEIR OB TR L7 b O 2 TH
ER{EERE %Y (HRTF:Head Related Transfer Function) ¥\ 5. %7z, RfEfEETE L -
b DIFFHER A > L X% (HRIR:Head Related Impulse Response) & W5 . SHERGIE
BRI D &k S icRE N 5.

Grr(6,w)

HL|R(9’(U) = F(O (U)

2.1)
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ZZTHLr(0,0) 3ELEDHRTETH D, 0 3FHROTifMA%Z, w 3EEBERT.
Grr(0,w) &, K4, EHfoEBESRICB Y 2 ZEEOEGHEEADOETO
GEBBTH 2. FO,w) X, BHBFHICBIT2ZEEIN VR WVIRETOEED 552
HEE OFEFRHIMCAH Y T 2 (B £ TOLRERBKTH 5.

SEERERIRUC & » THBENM Z X8 5121F, HAEICH LT HRIR 2841AT 2
CICEK-oTHBETZZIENTES. 2O LI ICIEFICHPERUMTEREM L X E S
Z e KB HRTF 7278, R THBARZ L5, BEDEWENICIZAAD HRTF
DEARRRTH Y, HRTF OREIIIIREEE T2 & D % {0 22 OB B0 HlE 3
%7 ZPEFEITHERICEN Z e SRV, 72, ARIKF LB RTH 5729
DERAEDORE FHENLEL 2%, ZOOZMWEHEICEEL 22D, [EBRICHKS
TrREHLWEEZ B,

222 HAI—~AvyFRFEABAWEFE

XI—~v R, B TtoL s A\BIOEREZHE L 2o 2 v Th
5. XI=—~Ay FEHOVTRE LT ED2BEDHGEER2 Z L IIAETDH 5.
L LEDLEBEME Vo HTIIBENEVWEMERE OIS L IZF Vv, HH
¥ LT, #ifficiiR7 HRTF 2FKE e LTHEIF SN2, HERLENMEREZEL T
2230V Z, AADBHDTENE R EHWENMZE SN,

T/, THUANORESEBTFETS. I —~y FiZk FOETEEBL TV 725
FAXE L TEANDHEEFHEFABOREZIELTWS. 20D, RHHEIFICFHEE
Bolh, EIPIEELTELSBRICOEERDELL Lo e LELAPHETH
5. %, FIEHLLRNPORETA2E Vo HBICOMNIELIOHW., LLrLAahns,
BT %S 579 HRTF @ & 5 LEHEREZHEZE BT, V72 A4 AHI3IEFIC
W, Fie, ZPEHEOWEHER LK I —Ay FTHIUIHRTF ZH L TW5E I I
2570, BWEREMNESS ZLIIAEETH 3.

23 HAZ—AvYRICEBFLEDEITHE
231 FENLIEZI—AY RICE D BFREN

SRS [8] 13K I — v ROFHH#ENEDONE DRI D 7= D12 ZBEE A N DTEEE,
HAEREZF YL, ZOV A4 X% 100%, 70%, 50% ¥fHE/h L CHEEET L EE
B, TROEHWTHEEZRTERY A b/ A4 X2, #EREICANY FERYZHWTH
WTHHWVWEHEIREMERZITo 7.

FEER Y LTE, 100% 44 XOEEHEF AL TRIEFICEWEMBEE2E 2 Z L2 H



H2FE KW ORME L 22 5 HE - Tk

KT\, 70%, 50% LHMENT B ONEMBEITELLIETFLTLE - 7.

JRA Y UCTIREEESE N7 DM/ M- T, HRTF BEHEICHRLTLE W, &
ANDHHERLENTEREZBE L TV THEREM T I EL I TERP oL EEZILN
5. ZOZeho, MNMULOBRIZEEE, BEAEOMNMIEMICKE S EE 2 IET Z
LB,

232 BHREMICEITAENTROEEN

A S [9] 1, SWHEEOBEBREMIIZENTEROERPERETH D, HNEHLT
W3 DTHIUIHEDBIRO RN I E RN EZ, &I =~y R L THERE
ANDODEMETI, HFEETHROWVMADENETLVEHEL, ZHZHOENTER
ENFERREAT - 7.

fERE LT, ADEMNETVEHOWZBIIEEMD R R D 5 7223, RADEA
ETNAEHOVEBIZE Lo h e LEEMEHST IR TWE. ZoZeh b,
SHERTEARIEEEN 27 A2 VT H B WD, BENBIRIEAANDO D D%V 24
TR 2 2 L AVHIEA L 2.

2.3.3 HAZ—~Av ROEELRTEERIR

FIE S [10] 1%, #5E OEGE T AERDOBRIC Y OREE £ TOMI LA RETH 5
POEERE LT, BENBRUNDOE D% 7 7 —KR—IVIRDOERIRIC F Tl L 21TV,
IR E CHBL/2X I —~y Rk, @b L72X I —~v N OEMBEELRD
EE, 7, HBREARANOENET L EMADESNE TNV Z W LR D S5 2 E i
L7.

fERe LT, EHREROBEHOBHICE L TERE R EHEMNEEDEIZRZ T
LT, BEIIRD b NEHMONEEN R TR 2 bENEIRIAANET L THIUR
BRIAT I W WS FERIZ, £/, ENETLIEIAAND S DTHRWERITZIED 3FE L
TLEWV, ECEMNPHRZVWEWSHRE R -7, ZoZeh s, HEEIRIEE
NEHERD & 5 i BERDZERFIIHNER L, HRIRIKAED XS Bk TInwz e, H
METIMIRAND S DTRWETEMD KR 725 Z EHHBAL 7.

2.4 WHEKEZE

i B MR 22 (ITD:Interaural Time Difference) ¥ 1%, » 3 EEH, O 6FHE SN
BEOEGORICE L ROKRHZD Z & T, KEEE (0~2000Hz) DETIXZ D ITD 23
L RHRAIZEHETZDICFERRDELTWARDTHE ZehHIoNTWVWS. Zh
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&, EEABEOESSEEBOEIHNTEIT LTV EIERLTWS.

241 BEERA NI RISEDAIE

ITD OHEHIZIE HRIR 22 5H M 21T 5. RimIZ BT %2 HRIR OHIE S A /KFH
D 12 75171 (30°) [EkE, A=A o8EHLETIE 1.2m TH 5. JEIIE TSP E
FrHWe. 78, KBTI 2EBS RIS OV > 7V ¥ ZREEEIE 48 kHz
7o TW5., HRIR OEHAERIILTOMED TH 5.

1. R =D 6ZEEEO LGN EEAD O WV EERAZEIREE [11]) £ TO A > 0L
ZIEE g1(1), g (1) ZEIET S 10+ T ).

2. ZHEHDWIRNIREETOETED & ZEEE OEFHOICHEY T2 EETDA ~
FOLAVE f(1) ZRIET 3 219> T ).

3. IEMET (0°) D gi(1), g-(2) 2 SIREOMIHED TR & 72 2 K52 % 2 2 sk
», RAOBRNG2S 50 %> FaiEY ) LU TN E T, £ 3 5.

4, ZIFAD g1, (1) R f(2) & To 25 512 %> TILVOMHEHETY D 5.

5.8, R f(t) 27— &L, 5123 TVOEEK G, (w), Flw) %
ked .

6. X (22) 225 HRTF(w) #HHET 3.

Gl|r(0))
F(w)

HRTFy), (w) = 2.2)

7. HRTF (w) %27 — V) Z#:L, HRIR ZH{55 5.

242 WMEHEREZEOEH

2.4.1 /NiICR D72 HRIR ZFWTITD 28T 5. KEHIDIX L DA & 51T,
ITD 23SZECHY 72 R I RCR E 2000Hz LU T 2 72 %, 7=, ITD I FEEEBIRE D H
% 7-H2 HRIR OMEEMHEMHIC X > TITD 2EHFE T2 2 L. ITD o&EH A
FEIEILUTO@EDTH 2 [12] [13]. 7, FERICHVZ B — 27 4 VR IIRBEBGE
W&o TE&EH 2TV, EMIEREZ £ 2.1, K22, K23 IERLT7=7 4 L& DIRIE
Fetk, MR E RS, B, RS 7 7R OREDRBH(E 2000Hz 2R L TW3.

1. HRIR (23X U 2000Hz % @@ F R e 3% FIR B — SR 7 4 VX 2B A
AT,

2. WfSiofREER BT 272, $ o) v I REBECE 8 £ (48 kHzx 8=384 kHz) I1Z
ZHas 5 (IR0 fRRE 2.604 wus).
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3. W EHREAAEEAAHEBEREE 0N (2.3) ) EK LR 5K T 2 ITD &5 5 [12].

T
HRIR,(1) X HRIR,(t — 7)dt
@, (1) = lim L (2.3)

T—o00 T
\/ [ HRIR}(1) X HRIR}(1)dt

ZZT, |7] £1000us &L, IRZAFD Lr iz enEE, GEERT.

£ 2.1: 7 4 VREGHERR

F v b 7 EBE 2000Hz
15 FH R BE %K NS T
T4 ILERR Yy T 255
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2.3: fikERHE

25 WMEHMELARNILE

i E 5 L XL 7 (ILD:Interaural Level Difference) & 1%, » 2 ERE1OREE LN
PDEGOEHIZEIFOLNLED Z 2T, EANITIRTOREBEHTE b OHMAIE
DFHPDICHEL TWED, SEBEICRICONTHBIIREZLRS.

251 WMEHELANILEZDEH

MEMLLZDOEHIZOWTS HRIR ZFHWTEHEERITS 7290, 2.4.1 /NHITRD
7= HRIR ZFHWT ILD ZEH L TWL . ILD oBZEHFAEL To@EhY ©dh 2 [14].

1. 512 %> 71 ® HRIR O%EAI1Z 0 2L, 48000 % > 7 )LC FFT 2175 (&
B8 57 fRAE 1Hz).

2. FFT t/ o7 HRTF D=3 ¥ — E;, E, #Ht T 3.

3. EEOHODIZANX—E;, E, DEZILD £33 (X (2.4) ).

ILD = 10log,y(E,/E)) (2.4)
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AETIEARIEDERE L 72 275 - FIRICOWTIRR. FIREMEXED Z2H
Mk 2FiEE LT, HRTF ZHWAFEE X I =~y RZHWEFERH D, KX
TREAXI =~y FEHVWAEFEZOVWTAHARTVL., &I —Av FZHWVELFEIED
WTIIRIHR R HER 2 LB e LIRWKE, BEHECHENDOBRBEAND S D TR VL
EWEMIZEONZ V. £z, b MHEEZELZRERERTH 5720120 1 IWKE
<, FbEIOL WV, RETIRICHOLRRSDBBE, FITRERZELEWVWoH
BIZHIE LI W Vo EAROMERSR D 5. o DORERORIRD-0, &
RERINDN LI X I =~y RIT K 2 EEMER [8] 2MTbNizh, BEHEEH /N
{72-72Z T HRTF 25EHMEICHER L C L ¥ 572, STk [9], KR [10] TUEEMICIE
HNOMERKEWE LTHESMN, £REAANCIZER > BIROEIRICANENE
THAEWMDMTIZZ eI Xo TEWEMBEZNT ZEHKSL Z RSN, 3
BT, BREMEZIELZePHKEZ I —~y RO/PNUHLDIREFEL LT, K
NES 72V, MESMIEOME/D, BEEOEMZ LXK I —~y FOME L /s -
HIgIC X 2B OHEOMERIFER, WIETFIE L fIEOHRERICOVWTHANS.
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23 HiTIE, XI—~v FICXBHATFERCOVTBRRE, T FEXD, EIHRHD
EEBLIEE LTHENBIREZAAND D DTHIUREMI K 2 ATHEM I 512 %
ZoN3. £, EEHSTOEKIZL > TENMBEOEKBARETH L EZONS.

AETIE, BETELECOVWTHHATS. 3D AF v+, 3D 7V U RIZX>TERL
REHMETLVE, HEHEDZ2ER LA T LA~ A7, BENEERNLEZZAT LAY
4 7 ZNENCES, BREICX2BEREMERZITV, T EhOFMEZ R
%. 3.1 #iTlE, BEMETNLVOMERN, BEEETOEICOWTRT. 3.2 6T, Hit
B DHE/ N DN TRT.

3.1 EAERERD DEES

AFTIE, EHIBH D ZEB LA T LA~ A 7 DIERIZOWT L HEREEICOWT
RY. 3, HBREOENMEX XYy L, BENETAOERET S, R, BENIEE
SEES Y R DMEIC L, SEEEH S 2B LA T LA~ 4 7 2B, BMET LA
Bb¥s. fERLERATLATA 7RI —~y FIZHLTENETLVERD 1372
BDTHRIA P/ A X%EERL, ZOEFRZHWTEBREMERZITV, SEAEEND D
BDENEIZOWTHER T 3.

3.1.1 BNETFILOIERK

BEREEN DA X ¥ WEIANY T 4 X4 TD 3D X%+ F (Artec Eva) Z W5, #
B TFICESTH OV, 5S~10 0EEFHFIELTH 55, ZOMICEND XX %
YEITS. 5~10 7 OHERE O IR FEME D H D, HEREOAENIH L L 5IE R
5%, Lo L, HRTF ORFERRIEHEE DD REIC D £ 523, 30° X ADHEETBHH
30 MMEE OFIEHRIEEN D 5. Zhr T, REFEOHRKREIZE VWS
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Z5.
AFxx Y LEENDOT—XZHWT 3D 7Y » & (Flashforge GuiderIl) Z W T
VaYyBIZERL, YV aryz#HLED TENMETVZIERT 5.

312 RTFLAIAL IV DIER

3DCAD X CEHAMAETF N, FHT2~4 2 (SONY ECM-C10) 2 & [ RET, i
ENONEEAD ODIEE X I —~v K< A4 27 (SAMAR Type4500) ¥ FIEETH %
146.5mm 12725 b D2 EK. TN o Z2HAEDLE TR 31 WWRTATLAYA 71
L7z RENIER L 72AT LA~ A 7% FWCHEIRESR S OB OE ORI %

4= >

172,

3L E LA T L A~A 2

3.1.3 MESRRER

3.1.3.1 REAR

SHERE 7 DEMEC &k > THBEMBESME T LW & 2R T 5. RN 5EER
NEL LT, ERLEZRTLATA 72X I—~y K< A2 (SAMAR Type4500) i<
FIOEFEEN T T ERD F I 2IRETHERIC TRV A b A4 2GR, DGR
LBEREROTHEBE Ay FRYERAWTHBREMEBREZIT-oTd 5 5. FEf
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3.1.32 REREM

HBETOIERRFOEMFER 31 DESIXR->TWS. T/, IGHERROMKX %
.3.2 WRT. RD X512, XI—~v w47, RTLAA 72O LI 127
M 30° R TR = —%2BCEL, RV M)A XEINERT 5. BB, FI—~v K
XA 7, ATVARAZEAL=A—DOHDLENFEAD ADKFEICKRDE XO5FEL
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