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Modeling of Distance Localization by Using an Extended
Auditory Parallax Model
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This study aims at establishing a digital signal processing technique to control 3-D sound localization, especially
focusing our eyes on the role of information provided by Head—Related Transfer Function (HRTF), In order to clarify
the cues to control the auditory distance perception, two conventional models named Hirsch—Tahara model and auditory
parallax model were examined, As a result, it was shown that both models have limitations to universally explain
the auditory distance perception, Hence, the auditory parallax model was extended so as to apply in broader cases
of auditory distance perception, ‘The vresults of the experiment by simulating HRTFs based on the extended parallax
model showed that the cues provided by the new model were almost sufficient to control the perception of auditory
distance from an actual sound source located within about 2 m,

Keywords! 3-D sound localization, Auditory distant perception, HRTF, Control of sound Incalization, Auditory paraiiax,

Modeling of distant perception
ASK subject classification: Architectural acoustics (7,7), Musical acoustics and psychoacoustics (8.3)

LAZE

AASTFE o845 HZF fASH o] A|ARS A%
ofl o1 3319 &3 FZrU] -S4 Aol 713
Fa3h 7|9 7)1 e shuolrh, ofafdt §4ke) Aof
HAX AL LAY (hykim@tit.ac ko)

608-711 SUAM H7 8YS 535

STY=Cie YeIey E|C0BYY
(H2h 051-610-8418; BA: 051-610-8848)

ol 2Bl SR ZRE PR A
AYEHoR Aol pHEIEE TR 1Y
of §Esic, o)e} e Wplel ofst S HeolL 35
o W9loh 22 a9 Aol ol HE B2t
A7t 7Fsd Ao welA Sehy, 2],

9, AR Aolell Yol F Holl Y=
ABe| 271k Wb HEO] IAF Aol A,
Aol 920 Aolzt ol PRk ThsskA, A Y


mailto:hykim@tit.ac.kr

Az F7|U YRS RS AlojRte 2 = 34
2]9) Aol AAIBk= Zo] AAHTH3 4], ol R:
) dgdgrs mogrezy A2 S49 AR
£ ol FE7tA)= Alo}7} 7hs3h5-7), 2ELU, w2
A2 ojuldt 8]lo] 4] Azt @akE vlA)
E7kel 2 ol WAt 2ukA| HESHA) gl A Al
22

2 =roMe v A2 Ee] o wg 2.9 (cue)S of
431 A A LS Bl Qv EdE ol wgt £2E A
2BE sk AE7HE D7) Y3, U2 EE o
83 ZAjoiM Y SRS BESEi O -8
Aol thallM <17hg o ® s BHAFEL T8 d=
Fct,

¥ o2

I 2 g0l g ohst e
S MK 2E Het

Yabe A7 2A2] oM S4bel ARAzte] =
d 24, Tahara 5o 2%t SHA ol B-& F HAtolel
AZE2} (ITD)o} AR} (JLDY2) ¥istol 213 Hirsch—
Tahara 24(8, 917 &7 27} A3} ¢ oA S
2 BRSSP A2 AStshs Alof 2RQke S
A2 2D kel 2 G-E 4T Sl el 13
THI0).

o] o}z Tahara-Hirsch 2E7 A7} A
S84 A3 29 2|9} FAIH o thsto] =@t
3 2do) ZRHE Haste] RE W) AR89
of tjate] Ao HEs) Hsf FRCRFEH ¢
HA7HA S B2 2ol 43 < H7F AN} RS 32
2o HYE S AR 29E ARk,

2.1. Hirsch-Tahara 24

2 19 FH 91219} oF A7 A7k Rk
YA S vebfgle}. Hirsch-Tahara BEojAs 19 1
T} 2ol < 15 st UM o A 2 SUAA
Z A(-a,0), B(a,0), Px,y)2tal 38, vj2|9] |8 F
A&t F Aol 3k #2JA} (d = PA-PB) L 729
A4 (k = PA” / PBY7} QRS = PR (x,y ) 0)9]
ARE 72 2] (Do) B34 L 4 (2)2] Yo vepd
= et

HYE SUN ARl 2YE 018E Y APVt 298 31

Ad (. dd
# (2a+ 4d)(2a—2d) =R M
2 .
- (AL yg) = (2L @

Hirsch-Tahara ZWoliE SHUoRYE oF 77t
o NZHRL Aok AlMAL aL0] FolA Y Yo 2 HE
o HARIQ Aejal gg9t ) k) 2EA, A ()3t
4] (9] B-AAM 42 Y27t Ak 7t
Act,

aE, AN = oje|2t Relpe] Gk wob 4
S} g10] B3 He AL Teth Ao Yo
2 =7 %} %3t Hirsch—Tahara 2EL »ejyt
Fuk o] ok Heldgdeol Hslkg nalstA) ke 3
5 ol YAl &9 Alzbae} Szt A7 A o
£ AW gakoly A9H Wikdls 48 = gus £
Aol gfrt.

2.2, Y N 22

S8 A2l o vl AR vy RulFrt
SHPE 2 o 2H B2 WIS YAE o] S
e o] 542 S0l Wkl 2A] &8k e Re.
2RE 3 A=A F A -Sol of = F3el
o3l 2A Ve et 7HE mddof A Azt
zdojri{10].

27 20) F HolM SO o) F = W 72| o] ¥

y
[—
30°
{2

At=240us) -

#d = 13.8 ¢mg 1= 400ps )

a=8cm

Lad=1 t =470
AGa //\_/Ad 6 cm(a 7st)

X

v kg
(eL=9dB) =6 aB)

k=7
(A/l?:}dB)

33 1. SNAXILY o AL AIZIRE R e axlel A

Fig. t. Relation of interaural lime difference and level
difference of the sound source position shown by
Taharal8).



32 USFYLIX H23A AN E (2004)

R Sound source
Fosin

tocos 6
Tr

6,
G

Left earijght ear

O™ 2. SHYRI2VE & MK FRAL
Fig. 2. Difference of the length of sound propagalion paths
from sound source to both ears.

& vehhgich, 19 29} 2ol SelA w2 o] U]
o) A&7t 7, A, F Tk S0l olF= WAL 4s,
8r ¥ &% of2)e] FAlo] ol F& HNZ otel wA)
47t 4 (3) B A (9% o] vERd < gict,

6, = tan ~'((#psin 8+ a)/rycos ) (3)

8= tan ~'((rysin 6 — @)/ rycos 6) )

47|14, <} Aot &40] 0|7 W912k0) A8 A A
3} azh 52, a=10,— 642 ERd 4= Sk o 23
4 A3 ak U A2 7,7} Holo] utet 9
Holae @ 4 Ak, 93 AlX BRoE U %
A7k ol Welzte) 1) o) 27]e] SfshA) A\2kso]

Virtual source A

02| 3. S8 AR 2D $i8t HERS- RN

7= Ao} gkt 7pAsta gt o] 7Py
B} 284 AlA} el ofgt 24ke] A A9 RoAl=
23d 2w Ao o3t moJHb[5-7|0 2 A¥E 5 et

2% 30} S A3 2d A4S AHEsty| 93 2
AZ Jepdet. o] mdof 23t 34+ AR A
ol ¢J38l vl2|WEA,E TAE dolls SU P
3lofl 9t mj2| AG 7t B AHE Q] Wshihe A
24919) Aute] (cue)2 A)F 317 o S V2N E &
AAS) ZHBE Dag= Dy = L2 YHSIA Fo2H
AZEx et MRS A7) A) A g, 27 304 shd 2
2 BNEE Dap®t Dy 47 7HISY ARTE 2
2% A9 Agere 7MY BRYE 9% A7t
e we|Aggpoln], FHoR BAH HIHe
Dp® Dpp 022 £ 0|8 AEU Dag, Da
9 Doy, D 24d £20]H S o] 83 ZoY5-7]
o] 93} e clAE Le X9 X,2 AdE +7t
ek, o714 FA% oA 9 X9 Xl ASES
7vel 297 SP 3 SPS olgel AXIsHE 7MEEH
A9 282 3| /MISH B o A AE 42T A9
@AY Poj {Ato| A Zgck ZHAska ek 2,
L33 AZ BddAE S5 XA 4714 g @
alafolls HLe 4 glon, EF -S-He| Fuiee] WaF
ol Q12 ALo| = 2Q o 2RE o A Ae|7tx] Q) A2 A}
7} wAgsiA| gk ol efskx] & FAIFel Uk

2.3, TP S9N Akt 22 Xt
ol 71&3t £ 2He] FAYS Hsto| REWY

Virtual source B

Fig. 3. Schematic diagram of the simulation system base on the auditory parallax model[10].



o] Aol thate] AkH o3 HEshr) Y5 SUS
2RE o A7) A2 2o 23 % A A7} E)
WA mAs YY) SFH AR 29 ARk
@ S o BRE o ArA o} Aejet A2 2ho] A
2 Ui 23 20, Yot 2ol 24714
o A7} 5 1, SO HE) 29 Zhzke] 7S Eof
o R ukolzt g, 9,7 S PO 28E H90) AR
AL) 1y, g2 WA= 22}, 2] ()3 4] (6)2 BAH},

Y= 7‘00060/C0$0R (5)

7= rycosdfcos O 6)

ol7]14, g=90°o|ct. ©, ¢=90"Y Wik, v{ge] 73
S ARG,y =ry+a, ra=r—a®lth WA,
o] £ A o2 RE U ZRE o H7A S BRI 4d
£ 4 (neg Fo|Ft},

dd=r;—r4 @)

2882 A2A 47 AREY, 858 23S
w2} oF A7ro] A7k 469} oF HZE AR} 412 4
@2 4 (9= YepYo| A

Ai= Adf ¢ (8)
AL =101og 1¢(#% /%) 9

2% 40 2R SR XA Bl 72 347
A9 HoAE verdch 2gE S A4 2dd
e §33 A = 7| 234 el 7HEE F

2AE SYN ANi QS OIBe BY H2lPHe 2d8 33

Mo Sz vE 2¢9) 79 dgdsol 7 &8
Aol 2Jgt F A7e] AlZALe} HUAS HHF= Aol
)| i eje] whakol) chgt olof A 2ol A Se] fA7t
Aisoixina 7P

oz, 3 S8 AR 2EolA Alojsjor &
ol dgdal AUF ARRE S 95 A7 ofE
Aot 297 BREEE 25 {7149 oide
gepol SUNANZRE & A7 2] B2 Aol 47 A2E
A} 4rot WAL ALE Rofg Roldk, Sgol @ FF
A gl & AL AR SHA 2l ARl
A4 S 7HA7) o], 4 (9)ofl oft < A7 A}
eol wsigic}. o|7)A, oF AT o Ao} A
= A @ LA @F ol8si A+

a2z, A (8) U 4 @] A3 A & AT A
2 A wdof oja|A £74% vl g ol 271
T o= &Y 29 95 A2 VIEeE A &
o ol 2K Aol Aol & Azl A A
Ag @ Aoz ik & ¢ Y Aol e
S A% REL A A3 2 o) SE A
S Id2 ARSI U S 9= #5
A9 A gl 53 Al 2o 23 Z4€ vi2)dg
4ol o A7kt AZER} 9} LS HEe =N Y
7¥sstck, o714 A g o A 3 Al
SYorie o W2 BRAZH AR 047) vzl
PAE Z3A AR B2 N o Aol AREE BE
Fae 53 AR 2] 7124 S rE e
2ot FUsA ek, o) ALwE 249 AWAE
43t e Adghee) moRhs-7]] s dEd,

Virtual source A

e~

a2 4. TEE S AlXL o9 71 E8 SAAHZIL| HOH
Fig. 4. Schematic diagram of the simulation system based on ihe extended auditory parallax modet.



34 BESHR| AI23A HIE {2004)

I, BFIY] ¢ =20}

IZHE Aoz JH FHAUP2 T4 (2 7.0 m,
72 4.6 m, %ol 2.5 mollA] skt AHAE B4
=g 73 200h9] AdQ) A 4o R B Aol
AP 2 Aol 71t Ao AMgE AT YPL
20 kHz oJ8te) o AJghE FH2 0] = (pink noise)S
ANt B8 A 9 Aol A)7)71 A o] A
neizt Bl AL 7] Y oyt Aol gloiM = A
A2 w2] S4 AzlofA o] Setado] AR He
E ARG, B3R AR AN = 2222
LA E WIS 0~5 m 7HA] 2] Yol 4 10 em 7+
o2 F3F& 12 FggAol 242 YAE BAREE
Z) Al gt

31 UH SHo) % S A PHUH
A714E HA QY A2l S o= B AosHA A7
Sh=Alll disi A AT, 13 5= AR SYE ol g%t
39 Al gAY 44 Vel S8
FA2) 719] zolo AR 7hE S8 (& A4 2317,
Fostex SP-100)& AMS-#ick. E3, S B37oke]
Atololl= ARG HA S0 B Alzt AHUE FA| ¢
=5 PYrt. 7hs3-Uol ol Fd o WAshs 55 ikl
317 913l S92 ol F Folle A= AWARTE HS
dhakgich, 2552 2A9)EH 242l

(white noise)}&

3.2. Py 220 2% AR HofdH
2O S AA Sl AT An} 22 Y,
22 AN el e s SR F3E 439
Aol 2] g5 279} An A T ol 3 A2
T 22| [5-7) 22 Ao}g WEHE AAHct. Aol
& 297 357 vjefe) FA0MFE 120 em 9
Aele] 73k 45° o) hR ek TS AAT o]
& WE o] 20 kHz 0|3}2] T FA k0|25 VIS 52
H3tA AEE zzre] Aol ths) 6314 AAFcY,

3.3. Hirsch-Tahara 29o] 2Jtt SA|e]
Hojuy

Hirsch~Tahara 2o 7)2 4 oF 7 AJe|o] A7H
of A} b olg o) 7H4HSA3e) A2E Aolal] 9B
42 Bk Dol SR AR $5 30" ¥, ¢
Z 45° dkgk o= g0° W8ke] 10, 20, 30, 40, 50, 60,
75, 100, 150, 200 e Hc}. 7+ wiae] ziz}o] Fejo)
that oF B Alolel AlZHS) A Atale] 270
23|72 ol 88 A 40| Bol(5-T) ol8¥] A
Zaphelol A BT o A Aol2] AlZiaje) o

2 7H WA T BAwo| 22 tate] 4382

Azle) thaiA 20 3P ARt AA) 39| Wkt A Ay, A=3-59] QA T8 22kl Aol of
Anechoic room
Rotfary encoder
o . =
3 z
Stepping motof Head rest %nagzlfér
. L v PM-54DS
Sound source distance
: <o | A
Loudspeaker . NN Digital Computer
CUﬂam; loudspeakbr | A ytenuator NEC
: PC-9801

Random Noise
(}eneratqr

O3 5. Mu SHS 0ISF HAUYA 7Y

Bruel & Kjaer
Type 1402

Fig. 5. Schematic diagram of the experimental arrangement for distance perception with aclual sound source.



of 6214 A

3.4, JH AR 2] 21T RPEHe) Holdy

24 A2 2ol 7ja% A A Alodd S 1¥
39} -2 o 2 e dddheE A4 279 0]
2 0] 83t gk molupi[s-To) o3l gt
BFA AR Blo] 7| 284 Leolgt-SAUe) uakat A e
£ A9 Wk, 95 45° W3k 231350 W, A5
3ol zt Higko]| i3l 10, 20, 30, 40, 50, 60, 75, 100,
125, 150, 175, 200 cmo|t},

3.5, WYE &9 Akt 229 J1£% 2R
Holddg

SFH A A 23S @ WS 28k L& Pl
2l 9ol disiA drtyos A getr| fi8 SYe=
HE] o A7l Q] A 2zlo] gk & #7ke] AlZka ¢ E)
S westa AFHELE SHM 2 fEA dis)
22 P S Aap BlolA] 2eolstaia) &t
gt 23 AR 290l 284 4
e dAdgtaol 4] (8) € 4] (9)o)lA AWtE 2 FHo =
| o FA7EA G A7EAfeL RS TlelE L 2N B
4 9lc}, 29jo] o] 8% 7SS AW W, 8545
ahek, 9% 90° Wk, 95 135° gk, A5 Wik of
A Zrzhe] S-A2)3= 10, 20, 30, 40, 50, 60, 75, 100,
125, 150, 175, 200 em= ARYCH 2}3S-L 13 49] Ag
Ao s AAE Aol Lejl) 20 kHz o]5}e] 9

—— ™ T T ¥ T ™

200
-O0—C- 0 [deg]
175 £t 45 [deg]
v 90 [deg]
150 o-0 135[deg]
-0—<- 180[deg]
125

100 -
75+
50 ¢
25 ¢

Perceived distance [¢m]

Actual distance [cm]
2 6. AN SHH st S4H2 Yl A
Fig. 6. Perceived distance from an actual sound source lo
a listener when the sound levef at the subject’s
position was kepl constant.

e SEH AR 2UZ 0188 SY AHelYHY 29y 35

Aeke PAio| 28 THIM 242ke] A 2ol tjsA] 2
StabAl 6514 A,

V. B3 24 3 8

2% eoll AA) Sl oS4 A e HY 2
£, 2% 79l 279 2MAS o §F AFRpo| mod|
oA s4Aele] Aol dd 2E, 39 8ol Hirsch—
Tahara Ro) 7|23 S/¢7ele] Ao dE 29E, 1
9 SHA AR 2o 7)23 SdAH2] o] Al E
AE, 23 100] 3 SEH A 2dof 7) 2 &
A7l Alojddy AHE bk 1399 5L
AAZ A2l g, F5-2 A7 S A2l E A7
o) AR YeRfL . 2ok el 23182
1 FEUA HHE Ve sk

A, 23 62 AA S0l 2 AP H¥
27 29, 1~15 m A=A 9 2ARA oM =
LA} F7RtR wet A4 SAA R FUksHA
ol @A Holdol weh S44A| 2 St vl
o] Zto} Ak, ojziet A2 R Bhrkgo) EAHA] ¢
T AR ARG SYRe] AHF 2SI M=
AA g9 A7t 753 W 9E 115 mofuiel
2AEE 2e ¢ 5 A

2% 79 7 AR 243 vl dgdeE mald
750 BIE 2A RO AR|7H m o]uiol A 29

200 e
-O—0- 0 {deg}

E 175 | | -6 45 (deg)

= v 90 [deg]

@ 150 [ | oo 1350degl

P “—0- 180[deg]

& 125 8

“

= 100

§ 75 |

g 50 ¢

[-}) L

2 25

0 . . L 1 . 1 N L
0 25 50 75100125150175200
Simulated distance [cm]

O3 7. HEIMER4S2 22000 2t SAAHZIS MoiAE AN
Fig. 7. Perceived distance from a simulated sound source to
a listener with synthesized HRTFs.



36 HRSUSMA| H23A H12 (2004)

& A2l $7tol ukeh A2k A7t Fokskan Qo
Aal7t gy ke A2k Azle] S717F A Fot
2= Aol Slek, o) ATt A SUS o) 8% YR
ot 22 AL e 9ot

2% 89] Hirsch-Tahara 2Hof 23 S4A22) A
ol g o} 7-polits BE Bk Al o 40 em BE7L
22| Az o)A 2o A0l tEAd A4E &
A7} Z7rskA gk Sd el A7t ol h2tA &
AAele] S7H= A2 b8kl et

79 99| LA A 2o 7 & S44A2I 9] Al
APz EE PSP A 3 oA 24

200 |
175 |
150 |
125 |
100 }
75 |
50 |
25,

Perceived distance {cm]

0 i 1 L i i L s L I
0 25 50 75100125150175200
Simulated distance [c¢m]
18 8. Hirsch-Tahara 20 23t S4Ae2l2| MolddHany
Fig. 8. Perceived distance from a simulated sound source to

a listener with the interaural time difference and
interaural level difference of the sound.

200 |
175
150 |
125}
100 |
75 |
50 I
25 | BE®

-0—0O- 0 [deg]
OO 45 [deg]
v--- 135[deg] [
-0 180[deg] §

Perceived distance {cm]

0 25 50 75100125150175200
Simulated distance [cm}

O7 9. S Akt 290 ZIxE SAHR[Q| MUAEHD
Fig. 9. Perceived distance from simulated sound source to
a listener with parallax information.

A% Bojst A9 Sl met Agt Aert oF 1
m oJYiolNE F7I8HL 3ot A2zt ool mety
Azt Ao 5717t Ans A 22Y, ST 90° ¥
ol A= SA AR IASHA| ghom g Aol Bt
3.

29 102] g3k S A2} 2o 7] 2% &4
o] AojdgArhs AA T AT A= B9
AgAnte} ul&3tA| o 1.25 m 7h] 9] A=A 29

200
-0—C- 0 [deg]
175 | o5 45 (deg]
v~ 90 {deg]l E
150 | oo 135[deg) |
<~ 180[deg]
125 ¢

100
75
50| 3

25 | HE*

Perceived distance [cm]

0 ! s i L L t b1
0 25 50 75100125150175200
Simulated distance [¢m]
2 10, S1EE SEE AL 290 713 S4 22 FlojA
g

Fig. 10. Perceived distance from simulated sound source to
a listener with parallax information and interaural

difference.

= 120 —
[%] A

3 4t 45 [deg] S
2 B100 H v 90 [deg) : /

v B O+ 135[deg]

S x

:

5% 80|
e 3

+

=35 60

§ %

e g £

83

g2 40 ¢/

BE 20—

83 20 40 60 80 100 120
o .9

o e Perceived distance from an actual [cm]

sound source to a subject

I8 1. AH SHE MRE SN AR 2400 23 xiH
SAAHY Hlx

Fig. 11. Comparison of the perceived distances from actual
sound source and simulated sound source to a
listener with parallax information and inleraural
difterence.



T A9 S7tel w2t A2t A7) Skl BEE
eI Qo 2 o) ARjollMs #5919 A
|7} Bolell wret A5 A efof) E3shs F L et
U let,

olAZ YA o ETE FUM ¢ S £
S8 A7t Wglrt Aof 2= At FYUA 7 o=
= HojA A UM RE 9 o AR 2] 23 9
3 AR 9 P EAE 2ot A A S A 2| 9 skE Azt
37175 oAl ¥lol Urkn AYZhE|ofXict,

2 12 S S AR B2l 7123 ol
o3 A|2td SRS 22 228 AA S
o8 Adg 3471 2)e} vlmahA PFHA 4 ) YA
2 uebict, 20 F5e AA S o8 A2 &
B A2E, T2 B SH AR 2Y o4 x|z}
AR S v At 2R 2RE A &9
2 ol 83l|A zk Al M o] ASSE AT B2 B
d SFH A2 7| 23 SARES B 7B S
R 0F1.25 m 7HA] &) A 2ol M= 2o A2} F7to)
w2t Az A2zt F8k e A e ATk 2
ol Aol e ot 52 A 2|7t goi e uket
A%t A7t 2afoh= gkl Rl Ak, E3 S
A M2 2o 7] 23 o] <3 2128 AR
£ A Sl 23 A4 S471 2 ot E e 2|2 H o
Ak 2=iv, 28l&2 2 Aoy ket o3k g
719 s, A7 ol SAFAH 7 A S whebA
A9 BsH dhgsta ke RS ¢ o Uk

T2 FFH AR ated Al oF AZRe] Az}
o rAA7E Helo EAE FARE 27A9M9) ghol7]
dhgol 44 U2 ¢ A7 & A A=
o 27 Qb & S5 YA, T FZ G AR
A 79 22 & 7HAR ek, of=¥ FERRH &
e S AR 2] o) 3432 A7 =E
WA o= BE Aof7ks shrk & 4= ik

Sl 7] &3t vrel 2ol HA) SOl gt Ay E et
43 S AR 2o 7123 A2 B A4
o] A7h A 9| & BES Uehlia e o2y
H2) ofudt R3S o &AM A 2lof A|Zto] el A
W=7 A7 o o dgdhe 2 F AT 2] {4
A& S 5 Ak 2TA, ol 59 Fop AYER L] A
A Aol disid 2ARH,

A, GdiFel AREY ) FAMIS A7 A4
YAHA 2 71 7Hrhe- 1/3 SEREWRE &fPlo) 7) 23
H4S Bk 27 1290 4 A=jlA S3% v E

Y SN AX 2UE 018 8Y FAY 2us 37

Fhot 2 o) o3 AEE ojaldgde] 1/3 L&}
Bule B0 dpdlate] H#A)7h 347 E e Ao
£ A3 F 4159 7 g e AARE =A-

23 129] 52 4 299 A8E vehl 52
Z% o2 Gt ZHo) el A3 E veldg
ot ks vehlin gl o] ARz RE 2} A
2efixe) A% v AEgret 2719 29 AF o] §3
Rojol o] A=A Atz B
A= 0,35 dB °[3t= FHF 227} SRt

S AaF 2 9 S S AR 2off 7%
A A7 ole|ldgdee AR v Aot
= AA Q) X2 G| G2 Fo e ZH oolin
o} B YAk 15~2,0 dB AR v|2A 2L 3te
Lehl 2 et o714, R S AR 2EL &
A A2t 2o]| 7| 234 S vl F AT A)
ZH2)et EAALE B3 Aofr| diFo F R o3 A
dgl Aot AAl o) vejigeate] A2l B
o Al U g A

§h#, Hirsch-Tahara B39 93] A¥HH ofz)dg
el Aol 2 g 2 i) Wk} Ao glon
2 Y 5|3 (peak)} B (dip)E Ze AR vl2) g
FHeto) Ha f ks 7~8 dB ) 2 & viER) R 9l
o}, ojet T oA HAIX Q) £ (envelope)

[ 1/3 octave band, Lch )

~
T

[e2]
T

&
i
i
S
[
o
@
[’

£
—
w
[42]
o
o©
«Q

w
T

Level difference [dB]

N
T
i)

-
T

Simulation -

%5 80 75 100 125 150 175 200
Sound source distance {cm]

a2 12, Z SHAEI2 R FFE M| M4 2t Yo
o8 AE]ofZl He|ME g0 1/3SEY WEH
of Ay ikt (XA, M HFHXIQ| W)

Fig. 12. Examples of relative evel difference in 1/3 octave
band analysis (Simulation:measured HRTF's vs
synthesized HRTF, Tahara:measured HATF's vs
synthesized HRTF's based on the Hirsch-Tahara
model, Parallax: measured HRTF's vs synthesized
HRTF's based on Ihe parallax model, Ext-para:
measured HRTF's vs synthesized HRTF's based on
the extended paraliax model).
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Fig. 13. Examples of interaural levei dilference in 1/3
octave band analysis {azimuthal angle: 45, dis-
tance: 50 cm, HRTF:measured HRTF's at each
distance, Simulation:synthesized HRTF's, Tahara:
synthesized HRTF's based on the Hirsch-Tahara
model, Paraltax-synthesized HRTF's based on the
parallax model, Ext-para:synihesized HRTF's based
on the extended parallax model).
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