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Effects of the second lowest frequency spectral peak in head-related transfer
functions on the sound localization for the upper direction in the median plane
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Abstract It is reported that the parametric head-related transfer function (HRTF) recomposed of only the lowest frequency
peak around 4 kHz (P1) and the two lowest frequency notches (N1 and N2) above P1 provided approximately the same
localization performance as the measured HRTFs for the front and rear directions. However, for the upper directions, the
localization performance for some of the subjects decreased. In the present study, two localization tests were carried out in the
upper median plane. The results revealed the following: (1) the localization performance was improved by adding P2 to
NIN2P1 at the vertical angles of 90° and 120°; (2) the difference in localization error between N1N2P1+P2 and the measured
HRTF was less than 10° at all seven target vertical angles; and (3) a sound image was not perceived in the upward direction by
reproducing only P2. An observation of the HRTFs revealed that the level of N1 doesn’t exceed the threshold for the notch
detection at a vertical angle of 90°. However, by adding P2, the relative level of N1 becomes detectable. Therefore, P2 is not a
spectral cue, but, by enhancing N1, plays an important role in the localization for the upper directions in the median plane.

Keyword head-related transfer function, sound localization, the median plane, spectral cue, peak, notch
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t b o B ¥ {5 7 B B (HRTF: head-related transfer PERIEFEO BN TFTHICBEHT 5 L, KWEKEK
function)® 5 kHz BL LD/ v FROE—I7 BN EB O EF WCBEI9 5 2 & &8 L7z, Raykar et al. (2005)1X H iz
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% . Gardner and Gardner (1973)1% B /i ® 7& 7 % JId ¥k 1
DTCEFHREBREMEREZIT, BNOHEZED D
LEGBEMERENMET T8, BLOEEK S &t
BLTEERPDLVEETCHLEERL .
Musicant and Butler (1984)i%, 4 kHz K@i / 1 X &
g L C, 4 kHz @il / 4 XA BICEETH D
Zl, BEO4kHz @ik A XICBW T ES O
PHZEIC LV 2 OHIZBHENREET D LEWEL
72. lidaetal. (199)ITHN O EEHR 3 >OEHR, T
D B fiF IR # (scapha), = 4 & (fossa), H H 41 % (concha)
R CTHEL THEBLENMER L HRTF JlE %2 1T- 72
CRiBICEAAEEERUCEZO R EZR T, S HiE %4 &
BFCTWD)., TORSE, 3kHZU T CIEE2ToER%
PAZEL CT%H, & @O HRTFILPAZE L TW 2R W E S O HRTF
LRI TCHLN, ERNELZAEST 71T 4 kHz
EOY—27 L 4kHz/» 5 10 kHz D O vy 7~ F 2334
WLz, -, BHREAMEEZB¥EL HRTF O H G ENM
FEEIXHIEL TWARWHRTF L L THEICIK T L
. Ihb LY, OREFRTEBREMD ALY bT
VX 2 — T HFPEORER B O 4 kHz UL LICFIET
% L A& A 7= . Takemoto et al. (2012)1X FDTD
(finite-difference time-domain)it %z W\ CEHHBE R D
HRTF %% L, HJr 723 HRTF OFERMRE—2 « )
FNRNE = EPRELTVDERELL. V=71 H
D) —=NVE—RE—%TD. /v TFEEHTITHE
It At (cymba) & = AEIZEN 4 U, B HF A B #iN4E
C5%.
JyFLE—TZIZonTIE, MHEEELV LA
ENREETHDL I ERWMEINTWD. Asano et al.
(1990)iX ARMA 7 /L T i#{t L 7= HRTF %~ K7k
VCHAT D EPEEGREMEREZAT, A O
FELFHEH»VIESkHz U EOoFEIKIcH Y, =7 %
o FOMME Sy Tk < BRI S F — v oA
IS TWwWb Z & %2R L7=. Kulkarni and Colburn
(1998) %X F = — 7' 7K > (tube-phones) & A\ T, KV
(7L f : —45°, 0°, 45°, 180°)D # Bk # A A © HRTF
DIRME AT ML & 7 BB Tk L& & ENMER
ATV, MR AT S VEL, /vy FRE—7 0
W &35 &, MRMICEETIEAAWVWI EERL
oo 2L, 2y Tl ORMEET D LD R E LT
Wbkaiid e, EHoMMmTEs L.
FERAMBEOANT FTAF 2 —ITOWVT H ARG
DD HFL TV 5. Hebrank and Wright (1974)i1% k- %k
IE (=307 5 +210°F T, 30°R)ICH B SN A E
— W ERAOTHREECHEREMEREZAT - 72, I
H 3k 08 2% low-pass, high-pass, band-pass, band-stop
filters THIR S N/T-AAME TH L. 5 1% 16 kHz LA
EHLLKIF38 kHZU FOANRY MLz XX — 3 H

BEMMEREICEE L2V L, 2%V EJEEMICH
HEN T8/ M%ET38205 16kHz TH DI L &R L
7o, S oix, 74 v F LB L ERELT, &
LHHMIC 1S FLU EoRIZERENTLT 4 V& &2 AN
JRINFa—LERL, BIFOF 2 —IXEIBMDO L
v MA T AW 4 kHz 05 8§ kHz OICH D 1 A2
2—7 ) vF L 13kHzU EO=Z RNV F¥—0D EH, EF
DF¥=2—1F7kHz25H 9 kHz DD 1/4 47 % —T O
v—27, TLTHFIFOF 2—1L 10 kHz 205 12 kHz ©
MIZH /NS E=7(ZOY =7 OmBilEs LUK
BAITOZRALF—DOHELMEI)THD EHRE L.

lida et al. 2007 LA AEBEMEZ Y I 2 L — T
H2XF A MY w27 HRTE EF VAR L. N5 X |
U v 7 HRTF (X, FHO LR AICHKFEL RV 4 kHz O
v — 7 (Shaw and Teranishi, 1968)% T [RE F 4k & L C,
ZWE OFR HRTF 2ot L7z v F o —27 2 6
HHERINE., /vy F =7 XAEEKDIAICT <
Ko 55 (P, NI, P2, N2, D XkHiDy). v
Fev—7FPOEER, L, EHETANRT X R
Uy ZIZRBEND. o EEREFEHICENTH
BEMEREZTOVUTOZEEZRLEZ. (1) ¥XTO
Sy FELEE—7 TCHERINZXT A MY v 7 HRTF
WX BR A A AN D EW HRTF & RSO EMMEREEZAET S,
2Q)4kHz D% 1 ©—27 @PHE, PLAEK LY EL
RLEAEEOE W 2 5D/ v F (NI, N2)72 1 Tk
EN/F A MY w7 HRTF X, RiF &% FITBWT
B E A AN O FEH HRTF L RO EMMEREEZHT D .
3) L, L EFITBWTIEZ, NI, N2, PI1 THIEER SN
728Z A MY w7 HRTF O FEBREMMEREIL, #HBREIC
X o THEAANDERN HRTF & L L T F9 5. (4) NI
E N2 OFEBEITERO EAAICEIKET DA, Pl
BEHIFIZE-ECEAAICKELRY., 2D Ok
BRI, HHIENLEN2E, R EbmFEHTT
g, AXZ P I Fa— L L TEEREHEZRZLT
Wh e, SIS, B NORER Y RAT
LANRBEANESHONILEN2EZDT T 7005 RE
MLELTPIZHWTWAAIEMEZIER L.

FAT R 7= & 912, Hebrank and Wright (1974)i% £ J7
DAY NI VX a—(37 kHz 26 9 kHz O D 1/4
F I HE—TOE—I ThDHEEELEZ., ZOEY—7F
P2 & —FH L, & 512 Blauert (1969/70)23 2% L 7= - J7
OFMPERBE LS BT L. LarL, RERETE
FAW T B 7 J7 M B # I 0S JR H I Skt 2 A
RXIE TN Fa—DORENEZRTETHENTIAHTH
5.

AKX 2 >2OBMWEHRT 5. 120k, NI,N2,P1IZ
P2 #/M %, NI,N2,P1,P2 THEHR I NI XT AN v
7 HRTF 2 L I28 v CTEM HRTF & [ % O F % E N



HEEZATIVENPERIETHETHD. I 1D
OHEBE, ERiE BT OFEGREMIIBT D P2 D&
AT L ETHD.

AREX T, FHhif LA cixiel, MhAE LR
4 C#HE B L 7 H#h B F2 % (Morimoto and Aokata, 1984)
FRHWA. EEMIE, FEZELRREICBWT, &
e HMAfESEREKERN T ALERT S.

2. NS A RY Y Y HRTF D BHE/R A%
2.1. HRTF @ Al E

HEEL SR |2 5T, 22-24 B O 3 N D Bk BR #F (MK,
OIS, OTK)HB L N 1 A D et B (YSD)D | ERIE
M 7 J7 W (30°M k@) HRTF # @ L7-. #EHE S
swept sine wave C, 7 U > J A X 48 kHz TH
. WEME BT EFERIE P mic 3008 CRE L~
E £ 80mm M A B — B (FOSTEX FES3E))» H#E/R L 7=,
A =IO HBRE OB L E TORMIT 1.2m T
5. HBREOHNTEANTHERRGSZIERT 572
W, B~ 7 vk (lidaetal,2014)% fHVWi-. <
A7 vk ORBHBIIHERE O HE A DIALE L,
blocked-entrances condition (Shaw and Teranishi, 1968) &

Hlpd b, HRTFIZLLF O L HIcko7-.
HRTF,,(w) = G, (w)/F(w) (D

ZIT, F)IEWBRE DWW E B ZERIC W TR
FH OB LIS Y T B CRIE LA 2L AR
EfOO7 =V ZEHB{LTHY, G ()THBZEMIZB W
THBREOHNTFEAD CTHERE v 7 ak iz L0l
ELIZA VRNV ARED 7 — ) 2 BEHBTHD.

22 JyFELELE—VDHE

N1, N2, PI, P2 I HEA TAK S TW 5372 D (Shaw
and Teranishi, 1968; Lopez-Poveda and Meddis, 1996;
Takemoto et al., 2012), 0°& 180°1Z D>\ T #BR#FH D FA
A N RRBEMHRIR)O FIHIEH 226 Lz, %
DT T Y X A(lida et al., 2014) &= LLFIZRT.

(1) HRIR DR EN IR K & 722 v TV 2R T 5.

Q) LT rahn s LT4A4RICF T
@ Blackman-Harris Z&% ¢ HRIR Z Y] v 3.

B) &2ToHEFEEEr L L 512 KA boEd %
HAEL, 2) CTUYYWHLZ HRIR # LEXT5. =72
L, RKFP 7 VEEFIO257TFERICEDLED

(4) FFT {2 XY 512 A > b OEFIOIEEA LT K
VE R, ZEHETHBRMES X O /NMEZ 3~ TR
T 5.

(5)3kHz LA E Tl & AEB DKW 2 >0 Kl % %
AWEINPLP2 L L, PL XY EWHIETRS EEEHEOIK
W2 DDRR/NMEE NILN2 &9 5.

30°70 B 150° T, BB IZ X - TIE NI,N2 &<
TAWHBERBANHL20T, UTOT7 ALY XL
D NI,LN2 Zf i L 7.

() FFTIZ LV 512 % > 7L ® HRIR O EIG A7
NERD, ESETH/NMEZ T X THRETS.

(2) Iida and Ishii (201 1)28 & L 72 LA T o |l s X & H
WT NILN2 AE#EcEHT 5. Ho1E, ERymo
NIN2 B mBREICm<IKTET 20, LAAOH
B L TONILN2ARBOEE O ITHEBRER cH@m T
borLAhhEDLLEHRELTND.

fu1(B) = 1.001x1075x* — 6.431x1073%x 33 + 8.686x
1071xpB?% — 3.265x1071Xp + fy1(0) [Hz] (2)

fuz(B) = 1.310x1075x* — 5.154x1073%x 33 + 5.020%
1071x B2 + 2.563x10XB + fy,(0) [Hz] (3)

Tt i E N ERNIN2 B2 E L, pid b
HATHD.

3) (HTHRELZm/NMED > H, (2)THH L7 NI,
N2 AW E 5 0247 #— T LN T b IRV H/NME %
ETNENNIN2 T 5. ZOoHEMBE, ERADMRICE
A NIN2O T ERMZJNDIL 0.1 265 0247 ¥ —
7 &% 2 5 h 5 (Tida and Ishii, 2011)2° 5 T 5 .

P1,P2 AW E LI EFACKELRNDT, 30°0 5
150°0 P1,P2 1% 0° L M4k & L 7=,

2.3. NT A MY v Y HRTF @ & 5%

sXF % VY w7 HRTF X, 2 kD 1IR 7 4 /L& THE
KL/ v Fb—rrERGLEDL I EITE ARK
L7-. ] HRTF, NI,N2,P1 CHEXRLZ /T A
v 7 HRTF(LLFE NIN2P1 & PFESY), NI1,N2,P1,P2 T f#%
B L7=/¢5 A MU v 27 HRTF(BLF: NIN2P1+P2 & Ff.5)
DB % FIG. 1IZ/RT 287 A MY w7 HRTFIZ Bk L
/)y FEE— I B REELIHEL, Toomiko
AR NVIEFEHTH 5.
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FIG. 1. Examples of a measured HRTF and parametric HRTFs
(NIN2P1 and NIN2P1+P2) for a vertical angle of 90°.



. BEBREMER

NIN2P1+P2 2% | 4123 T %M HRTF & [ % 0 514
EMBEEAETL20EPERIET D720, EFEREF
HICBWTEHEBREMEREZIT > 7.
3.1. EBRAE

BeBR# 1L 2.1 BT HRTF ORIE Z 1T - 72 4 A(MKI,
OIS, OTK, YSD)T® 5. HRTF Z#LL F o 3 f¥E % H W
7o (1) #BRFEARANDERN HRTF, (2) #BEAAND
NIN2P1, (3) #BR#E A A D NIN2P1+P2.

BEBREMERIIFEETITo> 2. EONIEIX 4.6m
(W) X 5.8m (D) X 2.8m (H)T, WFEEFIZ 19.5 dB(A)
ThHhol=. EBL AT 2D KIL, /— F PC (DELL
XPS M1330), &= —F 4 A > ¥ 7 = 4 A(RME Fireface
400), 7 ¥ 7 (Marantz PM4001), A/D =2 > N — %
(Roland M-10MX), #—7 v % A4 7T~y Rk, Eit
M~ Af7nmkRThD.

AHEAOZRABKLERBICBTL2HKETCOEE P
X, PAZE L7 RIEOAEEA N OFEICLL IR T4
EZ7 4NV ZGaMLT~NYy RRUVNLRRRT DI &I
X 015515 Moeller et al., 1995).

P = SXHRTFXG, (4)
— 1 Zear canal+Zheadphone (5)
MXPTF Zear canattZradiation

2L _xPDR, (6)
MXPTF

T, SIEEBER, MIERE~A 7 ok OEERH
B, MXPTFIZPAZE LA HE AR THRIE L~y R
YOG EBE, Zoar canal & Zneadphone |3 7 1L E LS H i
BEOANY FRLYOA v E—F U R, Ziggiation |39 B
BPOMUNZEBRTHHA o E—F A THD. GDE
2 T X PDR (pressure division ratio) & FEIZ 4L, Moller et
al.1X PDR % 1 & 72 %~ v N % FEC(free-air
equivalent coupling to the ear) > NAHR v L EFE L -,
AREBRTIL, 5N FEC~y RARVEHBRED L L
2FEE DO~y RA& Y, KI000 (AKG)E £ T DT990 PRO
(Beyerdynamic)(LLFE DT990 & Foil) % H 7=

K1000 TiX, MXPTFOD#fiiE(X 200 Hz »» 5 17 kHz ®
#iPHCTITo72. MXPTF [ ZLLTFOFIMETHUE L. #
BEXGEREoRRICEY, B~ 7k it
HEBEICESE L., ~A 70k 0RHHIIT 2.1 Hio
HRTF #& & [FERICHFE A DAL Lz, BRI
~y NARUZHEFELTM RIEFU8Hz > 7V~
7, 12 &k, MRIEL WAL, BFRfl~ A7 8k
VE COEBEBRBEMXPTFZHE L. S b2, ~v K
RrrEFLLEE, TOMEBEZEZRNEIIZLT
ERfl~Af 70k P2 2R LEEMNIE~Y R

BUACE DR TWARW(IG. 2(a). ~y F&Erynb H
#Rl~ A 7 vk ETO200Hz 5 17 kHz £ TOAX
#1972 peak-to-peak L > I 20 dB ThHh - 7243, i
E7 4% GIZXE Y 3dB £ T L 7= (FIG. 3).

DT990 Ti%, HEAR~y FRICEDIL TS D
(FIG. 2(b)), MXPTFZ JET DL~y F& D&
MU L 2D . MXPTFIZ~y RAE v OEFMEIZLY
BT HD0CT, TNEFMUMELTHL~y REVOFRE
TH EEMERMERRIEES ARV U EoHEBICLY,
DT990 TIXMXPTFO M E X T -oTo. B2E DD,
FIG. 412 4 A OB FH ® DT990 O MXPTF D | & #il % 7k
9. peak-to-peak L > VL, Moller et al. (1995)D # &
LIAEE 30dB &8 2 5.

(b)

FIG. 2. Headphones used in the experiments. (a): K1000 (AKG),
(b): DT990 (Beyerdynamic).

10

10 F

20 F

Relative level [dB]

30 F

-40 L L s s s )
0 4000 8000 12000 16000 20000 24000

Frequency [Hz]

FIG. 3. An example of transfer functions between K1000 and the

earplug-type microphone with a compensation filter, G.
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FIG. 4. Transfer functions between DT990 and the earplug-type
microphone, MXPTF.



K1000 & DT990 D FF AL DENWE R T D720
PLKE, K1000 2 W TR(6)2 1 & & 728 5 5% FEC
%k, DT990 % VT 1/( MXPTF)IN 5% % 4=k % % FEC
Stk & £ Moller et al. (1995)28 3% L 7= FEC ~v K
R EDEWVICER SN, K FEC 50013 B 56 1Y ik
BIZRTDLID, BEBEAZOMNERALETH D2,
— R OZEENHENLT NEWVWSIFEAEHFELTND.
SFV, WFEC £HIFEMMEOBANOLRIEL .

TIRIE 213 200Hz 55 17kHz O JKHE A U A b/
ARXTHD. FBEEREDOLELEOIFEANT 63
dB SPL TH#E/m L7z, IO RREEIX 1.2 B (F L2
D, MTFTHRVZEZNZN 01 BEEL)THD. BIEFM
W EEERIEPHEICBIT S 30°BED 7 FmThHs.
BENBEFMEMHNT DI EERT AT, BES
EICE~y B 7EEHWE., 7 — b PC O®EE LI
EdmizrdTHEERMERR L., fBREOX X7
W, MR L ERAZMAE LICAX AL TARXT7Y
v I T HIETHDL., HNEMLESARERTF =y 7R
v I AZHIZAND KoL,

J£J HRTF & 2 f¥H DT A vV v 7 HRTF O F#
TENL FEBRIL B 2 1297 > 7. Moller et al. (1995)1X 2 2D
G, bbb ()1 ANO#KERFE O HRTF % 7 » % A1k
L= E@) $t A HRTF 27 v % 2k L&t %
gL, WURMBEL DL CEBRLTCHIRG L THE
BMLTbLABRRAEZTRVWIEZRLTND.

1 EOFRIT T35 HIIK T FxsENzE 7 > % sk LT
WBRFEICHR R L I RITOFEREIEN TS TH 5.
3FEH D HRTF oW T 2 RITFoEBREIT 72,

0, WRETAMBICH LT I0EF oML L.
3.2. ERR#ER
3.2.1. FEC &#

A BEDHT

FIG. 5 |29 #l HRTF, NIN2P1, NIN2P1+P2 T %+ %
4 NOWBREFEORIZ A RT. fHtEixmiE Lz LA A,
Bl B LR ATH D, MOEARILEZEOHEEICHk
BL, EZEFEESEBTRLD TWND.

B BRH MKI Tid, EH HRTF (2% 5 [\ 2513 1EI1E %
kg B2y L 7= . NIN2P1 @A %5 1% 0°, 30°, 150°, 180°
TIXEM HRTE ERETHH-7=. LrL, ftho 3 J7m
(60°, 90°, 120°)TIX[EI% @ 4y WL E M HRTF L Y K&
V. NIN2P1+P2 @O [EIZ X, 0°,30°, 150°, 180°CIXEH
HRTF & & Y NIN2P1 & [ TH - 72. 90°, 120°TlE
Sy UL ER HRTF L 0 K& <, NIN2PL Lo
AEWV . LA L, 60°TIEAHLIE NIN2P1 £ 0 K& .

BB OIS T, FEH HRTF IZx4 25 BT S5
=7 & E, 300 60°, 120°0TRR L HF Y CEE T
HAEMM A B - 7=, NIN2PI O EZ X, 0°,30°, 60°, 180°
TILZEM HRTF & FEETH - 7228, 90°, 120°, 150°TlE

s

FEM HRTF & AR TRRBR T ITHM T 2HMMAH - 7.
NIN2P1+P2 ORI Z 1%, 0°, 30°, 60°, 180° T % 32| HRTF
B EXONIN2PI &R TH - 7=, 90°, 120°C LAl % 4y
it NIN2P1 & 0 £l HRTF (283w 7=. L2 L, 150°
T EFFVICHMRE L.

BB OTK TI&, M HRTF IZ%F L T 0°, 30°, 90°,
180° CIZHEE FmICEZ L. LaL, 60° 120° 150°
T 90°fF I IZ A% L7=. NIN2P1 O RIZ 1T 0°, 150°,
180°TIXFEM HRTF L AEETH 7=, LArL, 30°TIk
i F W H DM A5, 60° 90°, 120°TIE 0°L 90°
AT D W 5IC B 3534 L=, NIN2P1+P2 @ [E 4 1,
TRTOBEEFMIZEBWTERM HRTF E[FAETH - 7.
NIN2P1 CHM SN mBIZEDOSGBEEILI AN Do T

BB # YSD Tix, EHE HRTF (x4 5 EIE T S
T — T R E, 300 600, 120°TRR LT ITH B MH M
N o 7=, NIN2PI @ [EZ 1%, 90°, 120°, 180° T % 3 M
HRTF &t REETH -7, L L, 0° 30° 60°Cix3EHl
HRTF & R TRX L FIZHH T 268 m 2R & -7z, 150°
T BEF A TICmEZ Lz, NIN2P1+P2 @ [\ & 1%
60°% bR & NIN2Pl L RIEETH o 7. 60°TILEIZE D5y
BiE NIN2P1 k9 K&,
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FIG. 5. Responses to the measured HRTF, NIN2P1, and
NIN2P1+P2 under the FEC condition. The ordinate represents
the perceived vertical angle, and the abscissa represents the
target vertical angle. The diameter of each circle is proportional

to the number of responses with a resolution of 5°.
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FIG. 6. Mean vertical localization error, Ev, for each HRTF and

target vertical angle under the FEC condition.
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FIG. 7. Difference in Ev between the parametric HRTF and the
measured HRTF, AEv, the under FEC condition.
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OFER, WFho BEGFmICE W TS HRTF BICA &
RETRD NPT,

TABLE I Ratio of front-back confusion for each HRTF and target

vertical angle under the FEC condition.

Target vertical angle (° )

HRTF 0 30 60 90 120 150 180
mHRTF 0.00 0.05 0.28 - 0.30 0.10 0.00
NIN2P1 0.00 0.13 0.45 - 0.50 0.20 0.00
NIN2P1+P2  0.00 0.05 0.43 - 0.50 0.15 0.00
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FIG. 8. Responses to the measured HRTF, NIN2P1, and
NIN2P1+P2 under the quasi-FEC condition.
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FIG. 9. Mean vertical localization error, Ev, for each HRTF and

target vertical angle under the quasi-FEC condition.
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FIG. 10. Difference in Ev between the parametric HRTF and the
measured HRTF, AEv, under the quasi-FEC condition.
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TABLE IT IZ it i3 fl B &R 9. 0°L 180° T, W
T D HRTF IZB W T HETHZRHERIL 0% TH o 2.
Lol o 4 FmicdsvCik, NIN2P1 & NIN2P1+P2
D A% R E R ITFERN HRTF O F 4 L0 @,

TABLE HI IZH A 2 #BEOHERZRT. 120°02F8
WAl HRTF & NIN2P1 ORI, 30°28 W TEH
HRTF & NIN2P1+P2 O RBICH FHHIAE E 2 2E(p < 0.05)
DRO BT

TABLE II Ratio of front-back confusion for each subject, HRTF,

and target vertical angle under the quasi-FEC condition.

Target vertical angle (° )

HRTF 0 30 60 90 120 150 180
mHRTF 0.00 0.08 0.40 - 0.05 0.05 0.00
NIN2P1 0.00 0.20 0.53 - 0.25 0.10 0.00
NIN2P1+P2  0.00 0.28 0.45 - 0.18 0.13 0.00




TABLE III Results of chi-square tests for the ratio of front-back
confusion under the FEC condition. *: p < 0.05, **: p < 0.01.

Target vertical angle (° )
Comparison between 0 30 60 90 120 150 180
measured and NIN2P1 - *
measured and NIN2P1+P2
N1IN2P1 and NIN2P1+P2
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For comparison, the responses to the measured HRTF, NIN2P1,
and NIN2P1+P2 for a target vertical angle of 90° obtained in

localization test 1 are also shown.
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