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ABSTRACT

Research on the effects of crosstalk and bone conduction

characteristics on localization accuracy

Author :  Shoki TANOUE
Supervisor : Yasunori SUGITA

In recent years, the development of products using sound image localization technology
has been active. Sound image localization refers to the ability to perceive the direction
and distance of a sound source using only sound, and by using this technology in bone-
conduction earphones, it is possible to hear sound with a three-dimensional effect anywhere
without blocking the ears. Therefore, it is expected that bone-conduction earphones can
be used to assist the visually impaired in walking and to provide hearing aids for people
with hearing loss due to the nature of hearing sound through the bone. However, sound
image localization using bone-conducted sound is said to be less accurate than that using
air-conducted sound. The reasons for this are said to be the generation of crosstalk, in
which the sound vibrated by one transducer reaches the opposite ear, and signal attenuation
due to bone-conducted sound transmission characteristics. Therefore, it is believed that if
these causes can be eliminated, it will be possible to achieve the same level of localization
accuracy as that of air-conducted sound.

Therefore, the purpose of this paper is to experimentally evaluate the degree of change
in localization when crosstalk suppression and correction of bone-conducted transfer
characteristics are performed using the method used in previous studies. In this paper,
crosstalk is suppressed by active noise control using a crosstalk compensation filter (CTC
filter) created with the FxLMS (Filtered-X Least Mean Square) algorithm. The bone-
conduction transfer characteristics were corrected using an inverse filter created with the
NLMS (Normalized Least Mean Square) algorithm. Three experiments were conducted: a
physical evaluation experiment, a localization test, and a subjective evaluation experiment.

In the physical evaluation experiment, crosstalk reaching the ear canal wall when a
bone-conducting microphone was inserted into the ear canal and correction of the bone-
conducting transmission path from the bone-conducting transducer to the ear canal wall
were evaluated. In addition, localization tests were conducted under five conditions: no
filter (air-conducted sound), no filter (bone-conducted sound), inverse filter only, CTC filter
only, and inverse filter + CTC filter, and localization accuracy was compared. Finally, a

subjective evaluation experiment was conducted to assess whether crosstalk cancellation



in the ear canal was effective in the cochlea.

From the above three experiments, it was found that the attenuation due to the bone-
conducted transfer characteristics from the transducer to the microphone can be compen-
sated for, but the effect of the inverse filter was not apparent, indicating that when the
input signal is a narrow band below 4 kHz, as in this paper, there may be little relationship
between the attenuation due to bone-conducted transfer characteristics to the ear canal
and the localization. In addition, the crosstalk could be attenuated by up to 15 dB in the
ear canal and 11 dB in the cochlea, although there were individual differences, and the
localization accuracy improved when the crosstalk was attenuated.

In conclusion, this paper confirms that the attenuation of bone-conducted transfer char-
acteristics in the ear canal when using narrowband signals has little effect on localization,

while crosstalk may have a negative effect on localization.
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B4 7THIUNT A2 0WSdD7E ok, BAILZAZ70 X —=2% FXLMS 7131 X
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3+ 3.1: EEies
Device Maker Model
Bone conduction transducer TEAC HP-F200

Air conduction headphones SENNHEISER  HD-600

Bone conduction microphone  Audio-Technica  AT9903

power supply

Bone conduction microphone 7 43 ¥,  EM2IN-Tip

Audio interface Roland OCTA-CAPTURE
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3.3 BEMREFHEOAE

X5, 74 VRDOEREIT D DI HEREREZAE L7z, AE L 88
B H %X 321K,

@ Bone conduction transducer

@ Bone conduction microphone

3.2: WE U 7o B8 m A s

HEAERMEORIE TIE, up-TSP(Time Stretched Pulse) 55 % A1 L THIE R 1T -
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Bone conduction characteristics
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3.4: X33 D =

X 3.3, 3.4 &b, BELEREOEAEZIKREL, 70X b—7 /o EIEIES & [FE
BEETHTWE Ab WU, FREIESICHRT30dB MLEZ a2 b — 27 {ah/h &
WADWBZ e gholz. U EOBEBMERMEZMEHLT, &7 4 VX ZIERL .

3.4 Ta4ILEZDIERK
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3.5 35 1 ¥3EFHMRER

7 4 NV RDOIERDBR T L1, AAEENTDZ a2 b —27 ol & &8 mER o
FEICOWTOFMIEEERZ2fTo7-. EB 1T, Il —YaryeEINC T2
1To7-.

351 REBRAE

FEBAEX, EONIF VAT a—H =20 ANES, Hrb7u0Xb—0Fr 2t
NEZTRL, Hillo~A 2 TEESZE8T 2. 2L T, £/ (FAf) TEHL E=S
T 7 4 VX O, A GHA) T CTC 7 4 v Z OFHi % 1T - 72. AJ{E=1Z 200
~4,000Hz THIEFIR L7723 WEDOART A + /) 4 K7 4 VR EBAAATEER
FAWT, TR 4 &% %5 B3 OBE L TNERERIRD, FHiiziT-o7%2. F7z,
FER 1 T CRHMES 2 Z L BWEETH 272D, FHDOADFHIEEIT- 7.

1. 74 V&KL

2. M7 4R

3. CTC 7 4 V&

4. M7 4 X+ CTC 7 4 L&

K 37121 D7uy 7R%ZRT. REBROS I 21 —aViZK3To7my 7
KEHIZyIal—arriiol.

er(w)

\ 4

Hy,(w)

/ \Hea(@)

Input signal — Hinv, (@) ®

H(w) : Bone conduction characteristics
Hinp(@) © Inverse filter @ bone conduction transducer
H,,(w) : Crosstalk compensation filter(CTC) @ bone conduction microphone

X 37 EEE1Do7ay 7K
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3.5.2 EFMEAE

78R =27 OMIFNT OV T ORI 7L, A GHED TEIHIL Z2ES 2 HVT,
T7ANZOERIZE D70 R =27 O BB EBIC THE T2 Z ik o TEE
ML, £72, BEGEREOMIIEICOWTIEAR (FH) CBHlL 2 EE2HVT,
D~ A4 ZICAEDEEDRENTWE 0% 7 4 VEADE 55 & fWGE TR
R TEHRT 2 ICX> CiMii L7z, F72, BELEREOFIE O BIZ L
WX 512 1kHz T 0dB 1272 % X 5 IZHEE L 7-.

3.5.3 EERER
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FEEDRRDY CTC 7 4 VRITHET 4 VR EBIMLI-E ZOMGERTH D, FEHLHIE 5 [
DY, WEPEHERFRAEZRLTWS. ZOXKTIE, MR/ n X b—27DHEREEZ R
LTED, EOFANKRELBNIRZEZ ORI ZBETEZ TSI 2RL
TW3,
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simulation simulation
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simulation simulation
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P CETOBD, MAZEIZD 25 CTC 7 4 L EXDADIGERATH 16dB, CTC+
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REHT 4 VR DR MRS 5 I R TE.

3.6 EE2 FEHIHER

FER 2 TlE, TRl 5 DOEMFTEMBERZIT o 7.

1. 74 V2R L (REH)
2. 74VRKL (BEH)
3. 7 4 L&

4. CTC 7 4 V&R

5.

W7 4 L&Z~+ CTC 7 4 L&

3.6.1 EEFHE

ENABRTIE, ErA%Z—E 0~330° % 30° %A (12 HH) ICREL, 1 &M
KA 3 EFTODE 36 HERLE. 2REE, 200~4,000Hz THIgHlR L7z 1 #
BoDART A 7 4 X1 KEMAR @ HRTF [13] 2B AAAEEEZANESE L, &
FICEDETE T 4 VR EBAAARR L. T, HEREICIIK 3.12 OEN B
7TV THEL TS So7. K313 IEHE 2D 70y ZJKERT.
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4 MATLAB App - O x
Menu
TEAIEEEDEIZ(TEST)
B A AEERRL T 0, #EHAphabet) | |
sl [
0330 .- T _ O30
N\ I /. FE (TJLIBL(.. V|
300 \ | / ’ 160
J"’ \ \ I / “\
/ ~ s \
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0270 fm == = —— e ()00
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~~~£“ I .'s','
O210 Lo 0150 AEF— kK
(180
HEORE(I7 L ACREATEELLVES)
REED/R | | orlsererast
Ir NG |
3.12: ENEBRH 7 7V
Input
signal HRTFr(w) Hian,r(w)
Hy, (@)
Hy, ()

Input
signal HRTFy(@) [ Hiny ) (@)

H(w) : Bone conduction characteristics
HRTF(w) : Head-related transfer function
Hinp(@) * Inverse filter

H,(w) : Crosstalk compensation filter(CTC)

@ bone conduction transducer

@ bone conduction microphone

X 3.13: EFR2o7nm vy 7K
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3.6.2 FHEAE
ERERERTIE, LI 2 MEO s s v 3.
o AR
o BN

FTEBERTIE, WHRERBPEORBERLZ2ZFHME L TWa. FEICIEERD
&R,

XCorrectAnswer % 100 (31)
n

YAccuracy [070] =

7272 L/; YAccuracy ({iIE%gA;, XCorrectAnswer &ifl:%ﬁ, n 0i§3%@§&f%5
R, PHEMRAETIRETRAE L EEMENREDRERNA TV 2E2RL TV,
FRUICENMARAZDHAZ RS

1

n
; Z |XPresentationAngle (m) — XAnswerAngle(’”)' (3.2)

m=1
72120, Yerror ZENMARAE, XpresentationAngle 2, Xanswer Angle EAIEAE, n
FEREETDY, |XpresentationAngle = XAnswerAngle| 73 180° Zi@ X 7z & E & 360
° THEHE L.

PLED 2 D0FHli HIETENMMBENDHELHFN. LrL, BRI AD R
FHIADEN % T % 7z D10 F % HRTF O BRI SkHz DI Lo —2 %/ v F
KHEELTWAEEbNTWS [15]. 2078, KEBRTHM L= ASESZ 200~
4,000Hz TH D, RiLAEDOEMNBRETH 2. Lizh-> T, KR TEERBEKIZ
360° O—JATIToTW532, FHMlis 2BR3% 7 2 E 1 3 ICHIH D AT O & 3
%. BARINCIE, BADOAERRIFOMABICERL CIEEITS. fle LTERAE
250° , [EEAE 180° O, FHliOBIIEIEAEE 0° ICEK L TRHEiZ/TS.

Yerror [o ] =

3.6.3 EERIER

7 3.2, 33 WCEMABOMERE R T. KX TIXZ 0 R b — 7 & FEEERE DR
ENENMBEICEDL bWHEELEZ TWAHhOFHiEiZIT> 2 HD 28, RiTH
WTEKEZFDENBEICODOBEI/a A =R ENEMICEERSZTWEI Y
RLTW3.



7 3.2: ENERBR D IEEZR (%]

No filter No filter Inverse CTC Inverse+CTC

(air) (bone) filter  filter filter
Subject 1 67 36 47 44 56
Subject 2 86 39 44 50 31
Subject 3 64 50 53 53 47
Subject 4 61 56 17 69 11
Subject 5 61 56 25 47 31
Subject 6 56 36 33 42 53
Subject 7 69 47 42 67 44
Subject 8 61 50 31 42 39
Average 66 46 37 52 39

# 3.3: EREBRO FIEN R [° ]

No filter No filter Inverse CTC Inverse+CTC

(air) (bone) filter filter filter
Subject 1 10 21 20 21 16
Subject 2 4 20 23 15 32
Subject 3 10 18 16 15 20
Subject 4 10 15 46 10 72
Subject 5 13 13 26 15 30
Subject 6 16 23 23 19 16
Subject 7 8 16 17 10 19
Subject 8 13 18 33 21 26
Average 11 18 25 16 29

#3233 %D, CTC 74 VRXDAHDEHE, 74 VXRBL (BEE) WTHXTEME
EPEET 6 KA > bAa L, FEEMREN 2° N RoT, 2, WMEIZH
LEBEDLRLVE (MEBLRLE)DCTC 74 LRIk THEZR, LhRES
WEDWE Z EBERATEROWAEEZS. UEDZ s, AEBROEHBETR (AN
25 DD 200~4,000Hz DIEHIK) 1I2BWT, 70X b —272WER L XLEIC
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ERIZLTWB Z 0o 1.

— /T, BT 4 NRDAEERHWEGE, EEER, FEHEMBREL DITT 4 VR L
(BEE) bHRNTHEEIELLE. 2, #7420 LE FEREEZ 7 v
MCT2EICANGEEEZHEIET 2729, FARICZrR =27 dIEXNZZ DR
WieeEZ 5. Lo T, ML EEERMEOMIEIC X 28R 2 MRS 2 13
T ANRIZCTC 74 VR ZBIMLGEER20ENHS. LrL, 74 1RE
CTC 7 4 VR ZFRFICHWGETHIEER, FIEMBREL DITT A VAR L (B
HE) L RNTHENE L. 2, EMICBWTELGAAOHIEDOFEL2D & iz
% D73 1,500Hz LU R ORI T I3 B R R ZE, 1,500Hz M ETIEXmE R L L2035
fi[16] iz 5bnTEh, SEFEHLIANEED 4kHz LR DEE D= D %R
DENRP o ATREMD D 5. F72, 70X F—27F v e EEKMHOE4IC
JRRAM=7 LTHWEIEIZEZ2BERTD—2DEKE LTEILNS.

X5, EMRARZOVWTH L B30, EMNEEDIME Fitliirny. X
304 kb, W74 N REDPFEET7 4 LRI LED D 60° , 90° DENMRENEZ,
FENET 2otz £, CTC 7 4 L ZDADGZEITE A Y OWERE
TO° , 30° (HEDEMBAENEZ, 74V ZRLDOBE L RN TEMBENNE L
Lol
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3.7 XHE1, RER2DFL®

3580, 3.6 Hi LD, MAZEDHIPHNEENTI/RRA =27 2BEIELIZ LI
X oT, EMNKEEOR EEHEERE L. B, #8RE 7 T3 b —27 &K 15dB
BREXE2Z2ICEkoT, EMBEN20 KA > dMabELE MEoZehs, 7nX
= PHEELANVECEEELEZ TV 2B nh o,

— /5T, BELEMECLZ2BETIE, W7 4A0XEPITEILICE>T8 AFS
NENMEENTEAL L=, 24Uk, —&I9IC 1,500Hz M ED &SRB TEAGRO T
PHEeR2BDOPHEMBLNILETHZDIIH LT, SEMHLZASIESH 200~
4,000Hz OAIBEETH D, BERELMIET 2187 4 VX DIMRBRNIZD - 72
DTREBRWhEEZONS. T2, 7R b—2F v VEIMESHAHIO WA 1Z 2
OXb=2 LTHEVWAEIEREIZBERTD—D2DFEKE LTELZONS. ULED
e, 200~4,000Hz DIFIBES 2 W56, AEEE TOERERERMEIC X
2 IEITEN & OBIRIEDTE 72 2 ATREMED D 2 Z & BAEERTII DD - Tz,

K XICBWT, NEHEEFTOFEREREICL2BMELDAFEICELS 70X
N2 DHEDBEMICHEEEZTWA e gholz. UL, HDEDHI/BRA =7
ZHHITE TV L THEMEEILEE LRGSR, Wicr7n R b —27 2iflcx
THEMBEDND F DE I NRVEERE bWz, Zhuk, SEIOERIEIEREC
W7 a X =2 Z2MHILTE D, EERICIRFICELS Z7e R =27 £ THHITE T
WA EIERLBRWLETHS. ZDD, WMFTI/eX b= IETETWE 0%
FARB T2z, ERLOEBIINZ T EBFEMER S 17 - 7=.

3.8 ENMEER FEFTMEER
3.8.1 EERIRIS
TEEMEERIY, ER2LAULEELS YR F a—H— r BEREPESE LT 7.
772U, AEBRTIIIEREOEE E, oA FEHGERE T - 7.
3.8.2 REAHE

REHXTIE, FHHIEERE L THEZEREZFA L. ME2EREe X, A
PHRAZE, ZTORMUL»OMELZTRLROMEDR/NHEEDOZTH L. 5
&, 1-up/2-down DERICEDWTHMEZEREZHAE L. 1-up/2-down &I, #&
ROGHS 1375 2 L FERE DS B3 D, IERISAS 2 3 TiE8HE T % & HIEEERED R85
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RIFRE D ZAL O IR B 2 HIGE L T2 & ZITHIEIZFT B YIS N, 2D DR
TR DS IR fEH & 72 2 RBRE [17] TH 5.

AEEFTIE, ANESEF Y AR LOGEEM» S~ X 2E, Gl HEE
MEZTRL, Frerd)ogER3EMN»r6~R2E, GHIRGES + A7 ED
X v YEIUEESIME + A ZEBEDX ¥ Y IERS L L. PRllCEROERTFIEE
NI

1. X1, X2 OIEFETEITRNS

2. MIEMH Z 2 - XKEEERT 3
2R > MED L XV E NT 5
1 BRI - MEDO L% BT 5

3.1, 2%DRL, MEDOLNUEBOUIDFODN6 M 5725, %5 4 [H
TOYHDBEDLHREDL L EGSRL, PR 222 ICE->THIEE T3

L AOVHETRME LY D b D [\ 2 BILU R OREE 4dB, 3 [ EDRHIZ 2dB £ LTW
5. 2B, MEORBL NI A7 EIIHLT-15dB &% E L7z, X 3.15 ITEBED
LAV ORERZ RS, £z, HIET 2 AEBEX 250, 500, 750, 1,000, 2,000, 3,000,
4,000Hz Dt 7 2% CTC 7 4 LR DD BGE L WA TITo 7=



GRS
- 1 5 :\I?' T T T T T
—&— without CTC
\A —=—with CTC
5-0
-20 \ :
—
om
2 -25 ¢ 1
[1b]
-
=3 \
+ \
a_ant \ ]
E 30 }. &) o)
< \ \
! Y -6
"'jl \ : /
-35 + -9 -0 &g R !gj .
\ \ . f' '\
I"- \ @ 9
I"-I \ / !
® ®
—_ 40 | | | | |
0 9 10 15 20 25 30

Number of answers
3.15: FEAFHmSEERDF (500Hz)

FERTIE, X316 1R T &5 RTEBFHMEEBRMA Y 7Y 2 W TiTo 7.
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4 MATLAB App = [} X

TEEHMImSRERR 7T

~F[E~

QERMEIRL,. AY— BRY 7L TIZE0,
Q@2XBEPOZHHINDOT, #MBEIECZIEA,. BUSERCZRAVWEEIRLT
<RS0,

I F#250~4000HzFE T, T4 LB DR ULTITD TLIZE0,

w&%g[::::j HEeES, SERH. CTCO LY. BRIt
BUT. A= PRV EIBLTLIEE0,
s ||

CTCO+«JILA 12U v

BRUTRERY > ZRUTIEE W

BiREY 250 v|
‘B%l‘ ‘EﬁZ‘

b &N

A5—bk

¥ 3.16: FEFHISEEH 7 7'V

3.8.3 FH@EAE

FHFHMIEBRICE TS 702+ — 7R, RENLMEOREEEZ 7 4 L&D
HBLE LIV ETHEL TR, BARZRZ FLIioRT.

Y attenuation [dB] = XWithoutFilter — XWithFilter (33)

71::7}: L; YAttenuati()n F7axX =7 ODZ)&%%; XWithFilter & CTC 7 A }]/577b§35 ZDi’%
BOME ORI ER, XwithowFilier & CTC 7 4 VA WIGE OHIE D&
MR EETH 5.

3.8.4 EERER

X 3.17 CFHHMEEBRTOZ X — 2 DWEED VS 7, £ 3.4 12 LB
TOIZBA M= DREEDEREZRT.
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Attenuation [dB] Attenuation [dB] Attenuation [dB]

Attenuation [dB]

Subjective evaluation experiment

-15
-10
-5
0 VS
5\\\«//
10
15250 1000 4000
Frequency [Hz]
(a) BERFE 1
15 Subjective evaluation experiment
-10
. AN
° ~
5
10
15250 1000 4000
Frequency [Hz]
(c) el 3
15 Subjective evaluation experiment
-10
-5
o~
; \s\/é—/\
10
15250 1000 4000
Frequency [Hz]
(e) HHRE 5
15 Subjective evaluation experiment
-10
-5
° e
5
10
15250 1000 4000
Frequency [Hz]
(g) Wil 7

Attenuation [dB] Attenuation [dB] Attenuation [dB]

Attenuation [dB]

Subjective evaluation experiment

15
-10
-5
0
5
10
1350 1000 4000
Frequency [Hz]
(b) BiBRE 2
15 Subjective evaluation experiment
-10
-5 >
0
5
10
1350 1000 4000
Frequency [Hz]
(d) #iBRE 4
15 Subjective evaluation experiment
-10
-5
i \A‘“e\/\
5
10
1350 1000 4000
Frequency [Hz]
(f) #iBE 6
15 Subjective evaluation experiment
-10
-5 /\
0
5
10
1250 1000 4000
Frequency [Hz]
(h) BBRE 8

B 3.17: EBEHMHERICE T 270X+ — 27 D=
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# 3.4: THEFHMEEBEO 7 0 X +— 27 BEE [dB]

Frequency [Hz]

250 500 750 1,000 2,000 3,000 4,000

Subject 1 .5 60 20 -2.5 1.0 -2.5 0.0
Subject2 1.0 7.0 80 -12.0 -2.5 0.0 -5.5
Subject3 2.5 11.5 -4.0 -4.5 2.0 -6.5 -8.5
Subject4 100 5.0 05 1.0 -2.0 -2.0 -4.0
Subject5 -1.5 25 6.0 4.0 4.0 1.0 3.0
Subject6 2.5 40 35 3.0 4.0 0.0 4.0
Subject 7 1.5 70 20 9.5 -2.5 3.5 2.5
Subject8 3.0 65 95 7.0 1.0 -6.5 -4.0

Average 26 62 34 0.7 0.6 -1.6 -1.6

#£34 X0, EAEZDZBLHEE T S00Hz (LD 27 0 2 b — 27 OBEZHERT
7=, ¥/, £RREGFOH T 500Hz 23 —FIHITETEHE D, ¥ 6.2dB HEL 7.
NEETODZaAr—2F v >EL (K38, 39 tFToHr/nAb—rFy ot
N (K3.17) RS2, #EE 2, 3, 4 LAMIMARRT X517 v 2 b —2 %R
RIHLZIENTETWED, HRE 2, 3R TASZEAHETIIIHITETWSEN
WETIEZa X =2 HIELTLE->TW5. %7, #EE 4 C3NEETO 0
A F—=Z3HEIEL, WP TOIZe A F—21F500Hz LR THELTWS. Moz e
o, AEHETODZOZA =% v v d, 35 LBMEFICHREND 2 HITTIER
WEWS Z e Ngho .

RIZZBA =7 DFEIZOVWTORGR (X 3.8, 3.9, 3.17) &EMBREBICE T 27E
MRAZDFER (X 3.14) ZH#T 2. 5E CTC 7 4 VX EHW L EDENIEEIE
HBEDT7 4 VIR L X DR - 285 5, 8 3T ru R b — 7 OMiflXiEERT
/. oL, K3.17 &0 30° OEMRAENEZATZ2IckD, EMFEENMEIL
7o ZAUuZ, TEFHESER e EMABROM THREBOMEN D LITATLE-zZ I
LBHMHDITNR, Z7aRA—=2F 3 BN/ B RN —2 8 LTI DI
HEEEPNIILTVWS ZEDERTIEZRWAEEZS. L2L, WFETDHOIZ7a X b—
7 OMHIZHERTE - WBREFIHER L N LERWE IR, EMBEENHED FERD
MELZZEDD, 70X =20 NEMICEMERLE5 X TWE I EBAERTHERT
7.
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AT, BEEZHVWEBOEMEERTORERK L &b T 2 FE8RERE
WEBWEE 7R = PEMICE DREREL G X TW5 0% EEICTHHE L 7.
YIEEHMESEER T, AEENICHA LB E~A 7 Z2HWT, BE N VAT 2—
Y=o BLRE~A 7 £ TORBRREORIIEL XUMNFEEICHELS Z7u X b —27 il
N OWT ORI 2T o7z, ZDFR, HAZIEIDH2HDDITFL AL DHERE CTHE
EREDOMIEICRIIL, 782 b =213 AT 16dB BEIE2 Z e BN TE /.
T/, ENERTIEN 7 4 V&, CTC 7 4 V&% WO EMFEEDE( % AN
7o ZORER, W7 4 VX ERWERE T 4 VR L (BEE) LN TESER, 1
ENFRAE Y HIHEENEL Lol ZHUE, 782 =27 % v Ve VEERHE D
WA A =2 LTRWEZ %, R T L7z AJIES 2 200~4,000Hz
DPAIBEBSTDH 2720, W7 4 VRDIMRBERNILD o7 Z EFERTIE R VWA E
EZoND. LEdoT, KwIZHBWT 4kHz LU OPRIBIES 2 W54, AE
BT OFEGEEREIC X 2102 & ENREEIXBAREDSECARESEDL D 2 Z e B0 h o
7. —HT, CIC 74 AR EHWTZ R R b —27 Ol EIT- 12358, ENFEEDF
HeRA A ELE., ZHUX, #HBREICX > TREAZITZD 203, HEETDODIZ7 X
F =2 OWHEITS 22X o TWFTD 7 u R =2 2fl X h, WERL L
DRE SN /2D THD. Lizh>T, KXITBWTHHERICHLS 7R =72
WHEB LV EICEEER 52 TBD, ZOBR, EMEECHIEELEZI TV
Z DR T E T,

5

\
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4.2 SEORE

AL T ERICH MR 2E 272012, XI—~vy FOHRTF 2{#fHL7%. L
ML, —MRANCMAD HRTF TIEHIRRHIEDZ 125 2 e 2 o EMBEDNE L K
TF2eE5bNTWSE70, REEEAAND HRTF 2 L CHEERZITS 22
RETHD. Fiz, SREELERMEOREICOVWTANGED 4kHz L FOEED
T2 DENNDEENRNIL - ARENEDNH 2 Z b, KX THEHALET 27747
ARy ra—ATEEEAKRDOX ¥ e VIRETHZ 26, KRS
AR N=7F % EIVDFIET 4kHz L EDINTITEBZITORBELN D 5. £,
JORA =7 F ¥ EAEEN IR A M= LTEORERHOMFICHEE S
ZTCVWEDEHET 2REND 5.

¥ 7o, REBRIROPTEREH 2 i GHEMRZEBEEOMRIE 10 77, 74 12D
YERK 30 77, PBEREMHERR 10 77, EBEHMEEER 50 7, EN7aA8% 20 7)) & RIFHEOH
ETHD, BEROMDA LD TERVEODFEBRENDEENKRELS BTz, ZDRD,
SRIET7 4 VR OIERRFEE 2 T2 THERBONENLETH 3.
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KWIFEDZITICH D, HEHB L LTHEHIDZ SO ZTREIEZIHVE XL
7o, FHZBAMEBIRIES BILHL LT RS, 7, KXOBEHEICBWTETI»D
TEWZTIERM L CHE £ LARBIERIR, BELEMEEER, FIIRMMERER, BHE
EPBOO I D EEHHF L BT X

RRIZ, BRI OWVWTEZL DT FANL ZRHKICR - T KEE oD, WEEE
BRI ST W E S UEICHT R E O &Rk, WK, IhETOEEAERICE
WA LTHTX AT RS o LMBUCIR S EHOR 2R LT, #ifte S TWEE
S
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