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ABSTRACT

Three-dimensional multimedia industry such as 3D TV, movie and broadcast has been developed

vividly. For generating 3D contents with high quality, virtual auditory display, so called VAD, is be-

ing researched to offer more realistic experience to listeners. When people render VAD using head-

phones or two speakers, head-related transfer function(HRTF) plays a key role. The best solution is

measuring all individuals’ HRTFs, but it is hard to measure all listeners’ HRTFs. To overcome this

difficulty, many research groups have tried to construct their own measurement system and to build

HRTF databases. However, some of them have not enough subjects or spatial resolution and they are

mainly focused on Caucasian. There exists difference between Korean and Caucasian in a view of

physical features. In other words, if Koreans hear three-dimensional sound rendered by HRTF data-

base based on Caucasian, performance might be hindered. To verify this possibility and remedy the

drawbacks, construction of new HRTF database aimed at Korean is needed. Therefore, our laboratory

built HRTF measurement system which can measure HRTF of three-dimensional space with dense

spatial resolution. With this system, 55 Korean males and 45 females’ HRTFs were measured and
Korean HRTF database was built based on these data.
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Table 1 Public HRTF databases

Database Spat.1a1 . Measprmg Anthropo- Subjects
resolution(’) | points metry
creic® 5, 5.625 1250 0 45
IRCAM® 15, 15 187 0 51
CAAR® 55 1132 X 7
Suzuki lab® 5, 10 720 X 3
Korean HRTF 5.5 1729 o 100
database
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Fig. 1 HRTF measurement system

Table 2 Specification of HRTF measurement system

Features Specifications

Spatial resolution Azimuth 5°, Elevation 5°

Measuring points 1729
1.16 m

Source distance

Measuring place Experimental room

Input signal Log sine sweep signal

Sampling frequency 44100 Hz
Nfft 1024
Frequency resolution About 43 Hz

Measuring time Within 10 min.
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White noise

power spectral density of left ear

Sine sweep signal
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Fig. 2 Signal to noise ratio of experimental room
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Fig. 3 Verification of experimental room
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HRTFD of left ear
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Fig. 5 Left ear HRTFD of different input signals
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Fig. 6 Anthropometry

Table 3 Anthropometry

Anthropometry Designation
X1 Head width
X2 Head height
X3 Head depth
X4 Neck width
Xs Neck height
X6 Neck depth
X7 Torso top width
X3 Torso top height
X9 Torso top depth
X10 Shoulder width
X11 Seated height
Xi2 Head circumference
Xi3 Shoulder circumference
d Cavum concha height
d> Cymba concha height
ds Cavum concha width
ds Fossa height
ds Pinna height
ds Pinna width
d; Intertragal incisure width
O Pinna rotation angle

Table 4 Anthropometry comparison

Mean(mm) - Mean(mm) -
HRTF database | Korean statistics

Head width 149.3 156.7
Head height 229.5 219.9
Torso top width 310.7 307.8
Torso top depth 214.0 212.6
Seated height 929.0 930.4
Head circumference 585.3 573.0

Transactions of the KSNVE, 24(4) : 282~288, 2014 | 285



Daehyuk Son et al; Building Korean Head-related Transfer Function Database

3.2 #3g Hal@e4 dolEHolA

WA, @5 Ja} Heldegs doleuels 75
% 918 S48 FAUAE 20, 300 B B
55} o1y 4soltt. o] MeAYgS doleo
e 17297114 2448 Mx g ol AgR

ok sHARE wE ek A Ade FE 9o
Y 1.57]7hkel ER 1009 9] ©l
OlEia B 3Fe 1507]7bake| EVE Ho] Kupd
ojZE|Alo| A Foll A&
1

%271 Desn,

& Aoz Aol ol

o,
e
I [UH,
Fo
o,
=
T2
_1_4
[t
ru[o
o
_Y‘i

ol
_,d
1o
e

o2 512719 HeolHz %7] A
Axatel AA Gl ofst walaizA] i
gl zﬂwo}@t‘r AlZE 99
e AAR HYAgd
28l Foll AR uf A
= A5 8] W
Aoz oko] Ao
ZF g 712709 vlolH
Fan 7] wiiell, 512x72x249] 334 §E
b 307 E 857HA 9] v ddEae Ast
L, 512x19] WE 2 11%7F 90°9] HlolHE A s
7 AR g 943 HE AL dolHE
7 ﬂﬂﬂH}OlEWl = 4 gk webd 1009
Wl el dolg 7t E3he dlojefwo] 1] 1
= 540 W|7Hio| E o]l thekel el Ao
V@ A 2712 BeEc

rQ ox md mN 1o o

B

3
ol
A
A
2 et 1 A% @
7F
&
9

N
sl
o, I
iR
2
o
o%
-
i T1r
_>“,

[

jat

=

=
o)
o,
O oftt
N
jgl'm

i
T
ot
ol
ko
i

[l oo 18
¥

of
—_

Hore o of T

O 19 32 ¥@ KU oMt X 2 AL A H O N e uth ob X o% ofm
""EHHP 3
M ol
0w
K

N
[r

H|
AAZ gh=le] mEAY

B Aol A

286 | Transactions of the KSNVE, 24(4) : 282~288, 2014

AR BE AelE Uehl=A Eelshy] e,
%3 A5 veAdds dolEuolas M B
°of AHH= CIPIC wejdEdhs dojeHo]xet
HlasklT). |lgte] S-elo] Wiz X Sl
M F2 Gl ARERRS} ¢ Olﬁ gilatE o &
ohar ekeA glek ofd,
Ak 2E7E g5 A E%‘é‘}—‘: Hel 28 A
Aol omR. ol w29 A7]e FF T
Faolm g5 Aol AR
As Aol HuUpke e u
gy Hlolguol o) A= Wt o

gsgmsg

A

g waE %oH CIPIC dlo]Eju]o]2g} o] o]z}
80°7HA v} o] Hlalshith

Fig. 75 3, ¥ 2el @717 S713kl wel 3
=% dlo]euo]~e] Folzk AIZkA} Hqfo] CIPIC
o ARt 2 S & 5 Al olE v Agst
Wal7] 9l8ke], o3k Alzkxtel] 7pF F gk
= 7

S T JAASEESY W ynlE dAd oAl
3] =% v|wstga 1 A= Table 59+ 2t
Table 5& HIFO=E, W7 oo djg] 5 ¢
=% dlolgHo]ze] ¥3+E wAYPAEo] CIPIC
tlolefo] 2o E3HE ¥AIAE By wg] U]
7b oF 15em A% o & A4S g3 & Ak
0.8
—s=—Horean DB
b [ CIPICDE

ITO{ms)

0 20 ) 60 80
azimuthideg)

Fig. 7 ITD comparison

Table 5 Head width comparison

Mean(mm) - CIPIC |Mean(mm) - Korean
HRTEF database HRTEF database
Male 1344 149.3
Female 133.7 148.4
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