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Abstract

The relationship between human and sound is close and it is difficult to sepa-
rate. It is said that its history dates to before recorded history. There are essential
sounds such as music and conversation in our daily lives. On the other hand, there
are sounds that interfere with the necessary conversation or become a hindrance.
These unwanted sounds are called noise. There are various environmental noises
in our daily lives such as the sound of shopping streets, cars and trains running,
construction sounds, and dog barking sound. Listening to these noises at high
sound pressure levels for a long period of time increases the risk of noise-induced
hearing loss. There are three types of hearing loss, conductive hearing loss, sen-
sorineural hearing loss, and mixed hearing loss. The noise-induced hearing loss
is a type of sensorineural hearing loss. The sensorineural hearing loss is caused
by a malfunction of the inner ear or higher neural system, and it is difficult to
improve with a hearing aid. In terms of hearing protection and reducing the risk
of the noise-induced hearing loss, it is important to suppress noises in daily life
and protect our ears.

In these days, the hearing protection devices are used to suppress noise. These
devices include earplugs, which are inserted into the ear canal, and earmuffs, which
cover the ears. Hearing protection devices are evaluated and tested according to
JIS standards, allowing for high levels of noise suppression. Active-noise control
(ANC) technology uses a microphone to capture the target noise, and then presents
an inverted phase and equivalent amplitude signal through a speaker to suppress
the noise. However, this technology and these devices are assumed to leave the ear
canal (EC) close, which can suppress not only noise but also important sounds.
Therefore, there is a need for a method of suppressing external noise with our EC
open.

In this study, the bone-conduction (BC) devices are focused on because that
allow for the perception of sound with EC open. To realize a noise suppression
method that does not block EC, the purpose of this research is to suppress sta-
tionary noise presented through air-conduction (AC) by presenting BC sound. In
this study, three experiments were conducted to investigate whether it is possible
to suppress a stationary noise by the BC device.

Several studies have been conducted to investigate the use of BC sound for noise
suppression. Ito conducted hearing experiments based on the hypothesis that there
is linearity in the transmission pathways of AC and BC sounds and the principle
of ANC. They examined whether it is possible to suppress environmental noise by
providing the inverse phase component of the noise with amplitude adjustment
through BC. As a result, it was found that the internal sound image of environ-
mental noise moved, and that noise suppression was possible through BC. Sakai



considered the differences in the transmission characteristics between AC and BC
pathways, which causes a phase delay between them, and examined whether pure
tones could be suppressed by adjusting the amplitude and phase of BC tone in the
experiment using an adjustment method. As a result, it was revealed that pure
tone could be suppressed by BC tone.

The results of Ito showed qualitative suppression effects, but they were only able
to show the internal sound image position changed. The results of Sakai achieved
sufficient amounts of suppression (more than 10 dB), but there were problems such
as the influence of subjective factors due to the use of the adjustment method, and
the assumption that the noise was only periodic noise (pure tone). Additionally,
neither study was limited to suppress in only one ear and the effect of binaural
hearing was not considered.

In this research, three experiments were conducted. In the first experiment, the
suppression conditions of amplitude and phase of BC tones were examined for AC
tones at six frequencies. The differences in transmission paths between air and
bone-conducted sounds were considered. The amplitude and phase conditions of
BC tones were determined by the method of limits. In the second experiment, the
amplitude and phase conditions of BC tones were used to determine if it is possible
to suppress a complex tone. In the third experiment, the same amplitude and phase
conditions of BC tones were used to determine if it is possible to suppress stationary
noises. Based on the amplitude and phase conditions of BC tones obtained in the
first experiment, the filter for each participant was designed, and BC experimental
stimuli were created to suppress stationary noise presented through AC.

The results of the experiment revealed three things. First, it is possible to
sufficiently suppress pure tones presented through AC by BC tones. Second, it
is possible to suppress complex tone presented through AC by BC tone, but the
amount of suppression was lower than that of pure tones. Third, it is possible to
suppress stationary noise using BC sound through accurate filter design, but the
amount of suppression was lower than that of complex tone.
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B1E Fom

1.1 ILC®IC

LM EHEOMOLYIIEETHD, ZORERIIELMUETETHS. FEPLRGTL
Wo lHEEEZEPICT 2 X REVFET S. —/T, THHDOEDIENE
WELRD, EET 2 ATREBFRCRZ IOBREEFNRZVEDFET L. ZHb
ZEEE MR, K11IWORT XS0 HEEFBIIIHEEEOS, BEH
Du—F /A4 X, BHEHHNOEE, ROKZZEFREMARRBEESND 5. 20
ZEWEELVLVTRKHEBC &, BEMTHIEICR2 VR 7085 % 5. #IEE=
FEICKAE NS 2. SME, THOREREIC X D4 U 2 MRS EEEE & 0
Fh, FROBESCHERIEY T 2. NED L IENE & D SRR O
REFREIC K D AU 2 RIS MR X, REIC Ko TET R,
FEIRCHi S e N ch 5. BIE, ATAHE N2 AN TSRS X > THER
DRBIZAT S Effi D b 203, FERHREIRIZAATEEICE W [3]. Lido —fEO HEE
DIEREFREN GO X o I HIIZESHHIE L WiIns. 2T, BEEHEHIEIR
BN —MIc I N 5.

7 X ) A ERERERZET (United States Environmental Protection Agency:
US EPA) 18X 2774 F T4 VITBEEHHEOREIRINTVWS 4. ZOHA
R4 ickde TAREBRTEL A2 73 dB D&% —HIZ SR < 2 ¥ T 40
FRIZIEIL Lo MM o DREENELC L) WO T—X2HD, Th
PEREMHHEOREREY LTWwd. 22T, BEEHOREE I ARMEEEL XLT65
dB AL [5], M RERRHKFOERE X ARFESEL VLT T ABEE, vy ray
P— MBI Z AREEEL LI 100 dBLETH 2 (6. UEoZ s, B
BN C 2 ) R710%, HERDS BICRERE ICRBEINRITZ 22T, »
BROER2eEZONS. EBRICAETDHZ L OBEEHHEOEREIZH D, &
EHBECE > T TEEEEHIEDDDTA R 74 > DREZINTNBEH 7],
R UTHE 4 THREE R EEHEORKAIDHZRE I N T WS [8]. B
DV RZ% NS, BRE2REST 2058806, HEEFIBII 2BE2E
LTE%RF2ZDPRETH 5.
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1.2 s =

B, BEERMET 2 A% LT, BEREELD 5. FEREAERICIINEE
WKHAT 224 S TH2ERL, BER2BEIA Y- I7DFHET 5. BERAERD
Z DOMWRED JIS M CTHEZINT WS [9]. Z2D728, BWIIEREEZRE L B
CEMTES. WHRICEDSEEZOHOBRHEOR (MLHE) ITA3 2R
BIEEZ, ZOMHAPESTIIN L TN THEZ 6y > T ) 4 X
¥ b —/L (Passive Noise Control: PNC) I IN 3. —F T, BEEIMNICEE %
MEFT2HEEZT7 274774 a3y ka— (Active Noise Control: ANC) &
M B [10]. ZOFMMITIE, ~A4 7Ry THENROSEREINE L, ZOEH
DY PO FEIRIBDEEZ A —HICE DIERLTHERNS. BE, /74X
¥ ¥ VR ARBED T WA YR YAy RRVYDBHE0, TN HIEPNC & ANC
DEZ VTV,

1.3 M&E=R

FERREER A YRy -~y RARVEFHALZ ANCR Y, BEORENTIAL,
WINDBHZZESZZBELTED, BELUTRAKFHREDEZZATIELL
BEREECHEBRICHELTLES. 72, PNCTHIEEZKREL T50DI121F, %
DA AD S, FIRERR DR OE N X S ICHEEEZZENED, Bo/h T 24
ERHE. TAALZADRLDNMbBENTE->T, REMEBEHT 2, FEERREA
ZRES BN D B, Fio, ZOBIRPMENC X o TIHEEAN 7N 2 ATRENE D
Hb. ZDERNOZBETHEENOME X NEESR L I B IERIFIE S
3EBMDH 2 [11). 207D, BHEENTICHADOEEE D ADMEITEEND,
HAREFR I 2= —Y a YEEBAT 2 RESNEESHRI ATV 5.

1.4 HBAZEOBER

Hz2 0§ 128 OMED A RER B E T N A X2 M L 7S MERI o R %
HiEd. 207012, AR TIIKUERR SN ERME 28 8rngiIc X bl
E32ZeZHRET 2.

EEWER, WRIK, SUEH 2RO 2HERZREITH 5 [12]. ADPAIE T 551388
(R DEWASXUEE & HEF O RIS S, KUEHIIHNE
B2 LR, HME, WA IESR, NMIREN2ETHS. — 4T, BES
FEHE D ERRE) S 2 e THIRAREZRETH 5. i LWEEE DIRERE D
AP, 3.1EITITS. AWIZETIE, = DODHRIEREZFEML, KUETRRINE
WHEEZ, BEIERE CIENRED & 5 MET 217 5.



1.5 SRXIER

AL, TODOBETHRINS. K12 1AM OENZRT. #5EDER
2ATO 12D DEBRE DR HEABTIRET 2720, FBABELESEDDORMND
RERBLTHETHOLATWS., ZRAFPNOEDONEZ LN CTHAT 5.
FT1E

RHAEOBR 2 oBEEZMEL, B2Fo L8 M2 Ry, 7, BEMV
SRNTVLBENEDTIEOMERZRL, AIZEOBHRZHT 5.

E2E
ROPFED T Eam B b 205t e LT, %UEE L FEFOMTICE Y 5058
2R, BEEIXEEICHET TR R L, Zh o ORE R Z
5.

E3E
KFED TR Z RS, £, MEROFMEELEZRT.

4

=1

HETANA 22X 208 OWMEICRE T 2 HZBRONEZRT.
EHE

H

BIANA 2L EEH LERME OMEICE Y 2 HBOWNEZRT.
=
BARLE S HDOMRDLOEZON LD ERERZRT.

BTE
AL THOPAIC L, BEINHEELRT.
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F28 FEHERAZE

2.1 SEZTrEEZTOHEICET SR

SUEE C BEEFOMEICET 2MRIXEHEEN R 7 T a —F LD T B

LIABENEMIN TV

ﬁifﬁﬁ?ﬁ’]ﬁ@”ﬁ?ﬁ) SDOMFEE LT, Lowy idMiE ELE Y b2 72 AEHHEEIC
XoT, 250 Hz 2*5 3,000 Hz OHIPTHEZT Z X EFIC L > THERRETH %
Zr&RLIZ[13]. U < ABSEERIC X - T Lawrence (& Z O & F AL #IFA % 100 Hz
D5 15,000 Hz % THAR L 7z [14]. &m@ﬂikb®%M®ﬁFﬁm%Lf$@%
BREFEML 7 [15]. JVEE B EE2ERFICIRL, YOI IREs %525
FRL7-. 2R, SUERTRE & BERTRE DREREDE L v ZREK Lok
B EEOMNETERT 2 2 2L L.

DI 72 fITH 22 & DL 2 LT, Bekesy (& HEE/R L7z 400 Hz OFE I}
L Z D E OHRIE - MAHZHIE L7 d D258 Hend 2 KRz F L 72 [16). 2D
R, SEEBIUBEEEOMLERIIIER 20, ME IS 2 EIIRAN K
7D%XHHLT%D NETRIEIE I NS LW REZ LTz, Stenfelt IXF
BEURLMEOEEE (700 Hz, 1,000 Hz) L, ZOEDIRIE - (iAH%
LD DELXEIRT 2HEBEHEML 2 [17). ZOMER, BEIERE X8R
B CHANETHL e ZHLPICL, MEDARLIHEAEEICHEHL THXESE
BIUOBFEFINETHENAE I NS Z e 2R L.

2.2 HEHRERINE-BEZICLIBETONEICEAT S
A

g 51X, Stenfelt OF R & ANC OJFEH) &R OB 3 25T E 21T -
72 [18]. BREEBEE SN LT, %@ﬁumﬁ PR RIEFE L2 F OB R TS 2
CCTEERMERRETH 20T L7, e LT, BERESOHENSBRIBE)
L, BEFRCE DS %WET%%T%ﬁ%TVLK BEHHIIKEEB L OF
BYE ORERE OBV [19] 2 oMFIMHENETC 2 Z e 2EE L, #AEEICX
h EERSINE 2 FERRE OIRIE - (HZ Bl g, #iE (500 Hz, 1,000
Hz, 2,000 Hz) ZHERTREDMRET L7z [20]. Z OfEHR, K[ERRINLMEE
BRREICEDMERGETH S &R L .

6



2.2.1 FEITHRICHEITIRIER

B & DS RCILE I R IE D EAHR I N b D0, FENEROMEIZE
(b5 B FUEDBR SR LA C 2 L Litbii o7, W5 0-RICE 3 &,
10 dBLE 2 WS H R REE2 & L TR, MEEEHN: L TE
BOBESERICEENS 24) L WS MESADS D o7, F72, BELTW 35S
BRI ES (SO0MEED) DAL YE T3 L w3 MEALH - 7.
VTR OB S METOMENE LSRRI TE ST, ERCESENIET 2
= v BAE LM T O ERA M S TR 2 S B D - 7.



3.1 FHiEm

Stenfelt DIFFEIC & - T, BEEDERKICIIAODOREREID D, 16 DEE
MTHESDHHEINS ZEHHNT WS [21]. K 3.112 Stenfelt 23 & 222 L
T BEE DMERR & BB DRERK 2 RT. BEEO—2 HORKIINEE
NADE, —2HDREBIIE/NEANDEMS, =OHOERIZWFRND Y >3
WOIRE), P4>H OREIKIIIMF DOBED EHlE, HoHORERIIMERIR DO E 2L
WXV NROIRFTHZ. Z2OHTH, NEBEHNNDOREHC X 28 F 5
TH5 N5 2223, AT, KEEB LOEESDRERKDEND S
MEICNMHEENEL S e 2EET 5. [EEB L CEES ORIERE O RIKN
72 7R ANEIEE ETOMEIMETH 2 & WO IR S [16][17], KEEHERE D
HFEIRRECIVROIMEI N AR EINS 2 L [ERREB X VFERUR
BOERELEONPR/NE B E ZRFALEEZERTI2EZONS. 5T,
SEZ L LTHEINZZF IR, ZOFOEEREARTORNE - VHERZ
HFEIL 7202 FERRT 22T, [VESZHEMNHES 2 Z 2 A[RETH
2r#FEZoN5. MREZHOAIERERICED, ZOMEENPRDBRKEIRDS
IR - MHDOSFRMH ST T 5. AMERIELITO=2DFEBRTHKINE. v
THOEBRSMEZEETHEML 7-.

L BESOREIC & 2 HE OMEIRE S 2 KER
2. BEHIREICL 2 EEE DML T 255K
3. BESUREIC X 2 EFHE OMEICE S 5 58k

—OHDFEBETIX, KEEEB X EEEDLEREEDE WD S MEF IS4
L2Ze%xEERL, MREICKD KBRS ZHRARICHET 2 B8RS Ok
g - AHDOSMERD 5.

TOHDEBTIE, FIODOEEBTHS L EERRE DIRE « MiFE D&t
ZHWT, VBRSNS EEE ZIERREDH S 2ICT 5.
=OHDEBTIE, FIDDEEBTHSNIC L 2EERRE DIRE « MiFE D&
ZHWT, [EBRREINDEFHE CMETREPH O 2T 5. 22T, —D
HDFEE D 615 5 N7 BB E OIRIE - MHHOELE» S, 74 VX E2FEL, X
BIORIN D EHEMEEZNET 2 X 5 58I RE O RBRHEEERT 5.

8
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3.2 HIEEDFHEESE

ENREIREHF I CRBIN0 2 RITTEECEERBRE EAr DD, TATRD
5% [25].

to
ﬁhﬂwzn/ pi(t)dt (3.1)
t1

Tidt 225 t, TTORMELZRT. ZOFEEIZ AR TEAMNT XN BRET
REED2FDOKHENEZERT. L MPHETIEOREX (T 7 FXR) 3A
BT v ICEE D 5. BEEEERIC K > T, 1,000 Hz DfiE L RIZED T 7 R XA
CRAMDOBERBOMEDEILEL XL 2RKD, FN6EGEATLHIRITIES VY X
ZHFR E MENL S [26). ZOHFTH AR EZ 7Ly Fr—~ 2 Y UBEREE
BRCEDERT7VyF v — <Y VHROWREIGEM LR HETH 5 [27]. 2
DOFETEAFITIZITH 28T, b NOREREREICHE U B E L ~VITHIENA]
BETH 5.

BB U T A FECEAMN T S N BE 72 5 EOESREENIC > T2k g
FTETHIGEEEEZS. 20X ICTRKBENCEESZTL L WG 2 LS
WALT, ERE MR, EEBEOHEG, BERHERE EAr 3BFOY - RH%
Hc NI S bR METEEINS. o, BEX3ABIMET 22 21E, <7 —
Db 2RL, BERERE FAr OEFEAD W SN 2 R OFFAMED
2GR B b FABTH B, AHFRICB I3 MEREDOFMBEEZ3IIBE L, &
DIEZBZ 2MEEEE LN &, TICMENTE = L Fiis 5.

10



F48 BETFT/IN\A AICKBHEFOH
[EICEE 9 5 EER

4.1 EBER[FEIE

AR TIE, FTHOEELZITIC WEREICK D, [ERREEZROMET
% X5 EBHREOIRIE - MAHZIH ST 5. BEEERIC X - T, KERTR
EFBIVOBERREOREED I Y FAADRD/NILHEIND £ 2D FER
REOIRIE - MAHZHS 2202 5. WRIET T v AR ERB/INE L 72 2RIE - 17
MR Z KD 270121, EHERIEE L LEEFIM D 7 7 KA AD B E L ES 5 2
EDBRETH 5. FEERIBLOIRIE - MHZHEBRICE DIRE LD HB1C, MRE
ZHEMT 5.

X 4.1 1CEBRFEHOMEN 2R3, 22T, ANC OFEM»)» S FEIRE OIRIE -
NAHZ BN S 212k T RARADBED XS ICE LT 20 52EZS. B
HIREOIRMES/ DN VWE 21X, [EBIRTRED I Y FAAREEIEREIZK DD
JEXNZ vz, BEBED IV RAREIKREL RS, BRAICHRIEZREMN
XEBZET, [VERERENFEIFREICEIVINEZINEZDTT Y RAAD/NX
{725, U RIADPERO/NEL Lo/z0b, RIEZHEMIE 3 L SEIXEERE
MREDT T RAANRFEIZHRTEINS L5122 D, BEED TV FAXALPHUHEK
THeEZONS. MHIEAL T, MEORGED—ROAFIEL, ZODKRMED
SN TNDE LTI RAADRAICHERT 2 EZ 005, 4.2 12HEEBRT
FRRXNZEEHZRT. M42D 5512, BEZD T Y 2 ZAIRE - fifHOZE
BIZE > T—E/NEL D, BUKEL R EZONS. OF D, FEHEREI
TERAEB OFET e TRHEINS. [RERTREERDMNET S L5 REE
FoRE OHRIE - MM, Zhs Zo0RBIEOFPIREEZKRD 2 Z 2 THLNS.

11
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4.2 EERALE

X 4312, FhLKBEFIEOMMZ/5Rd. £9, FBR(1) Ti&, FIEI~ITZ
T, FEHEREERE L. RIZ, FEBR(2) TIE, FIEIV, VEFEML, 5E
RE 2 RABRICHET 2 BERE OIRIE - MHZH S L. &KL, &
BR (3)Tl3, FIEVIZEML, RDOZIRIF - MAHOLH THESIRLEL 2D
SERTREOMEE ZHFANTz. K 4.3 TEFIED FEITRTOROEEKIE, Z0F
IETRDSNZEBERT. £z, ZHOBIIRTE—<HFIE, TOEEEH
WFIEOBFEEZERT. EB (1)~3) Ot FIEL FticidR 3.

4.2.1 B (1): BERBORE

FEER (1) TIIERERFHOIRIE - fifHZRD 2 Z e ZHIE L.

FIET T, R K D QR RS 2 Ay L THEEREZ 7Y R ATy
Fr7 L, BRI E L THW S BEIRE OIRIEZTE L7z, X 4.4 ITARSEER
THIA L7 ED GUI 2R 3. ERBINEITHE Assin(2rft) Z 58K L,
HNT Bsin(2n ft) 2 BEERT 5. RIE Aso 13 ARMEFEL XL 50 dBD &
ZOXERTEOIRIELER T 5. RIE B2 X7 4 RAN—I1C XD EBRSINE ICH
BMXEZZLT, 538 - BEIERED 7Y RAADNHWZHF L 125 & = DOIRIE
B = B ZIE L 7-.

FIEII T, SRR X D XUEERE 2 R ARICHIE S 2 58iRE OiH %z
Kb, BHERRHE UTHW 2 BEHREDOMHEEZIRE L. EBRSME ICKEE
Asosin(27 ft) & BEE B sin(2rft +¢) DIRAEZIRR L. iHoEATA R
N—IZ XD EBRSINE RG22 T, BABEDI7 YV FXAADPRD/NIL K
BN ¢ = dag; ZIRE L 72

FIEI T, BRI X D KEIRREOHERZ RS, BUEFEE LTHW2
SUEHERE ORIEZ TRE L7z, ERBIMEICKIEE Asosin(2nft) & BHEE B, sin
(27 ft + Pag;) DIRABZIIRL, HOTKIEE Asin(2rft) R L7z, RIE A%
AT A4 RAN=IZX D EBRSINEIHEIE 52T, BEELXET Asin(27ft)
DI7Y FRADHWCFAFL 225 & ZTOIRME A = Ay ZRE L 7.

4.2.2 RB (2): [RERTEEZHARICINEY 5 BERTE DIRIE -
FHDRE
FBR (2) TIER (1) ORERY & KRG £ RARICHIE T 2 B BRSO
I - fif % ke 5 2 2 AL L e,

FNETV TIX, MEREIC & D KBRS B R ARICHIE § 2 B8RS OIRIEZ
RE L7z, K45 ICARERTHAHLZMmRZED GUI 2R3, BEHERHE LT, K
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B Asosin(2m ft) ¥ BB Bogysin(27 ft + ¢og) DIREEEIERL, Hiw T L
e UTRER Asosin(2r ft) & BEE Beom Sin(27 ft + ¢aqj) DIREGE 2 KBS
BIHER LTz, 22T, Beomd Bagy KX DGO 2 FEEREDORIETHD, —
DDRAT v 7 TIABET 2 KO RMEE L. EBRSIMEICE, HEHRBO I v
RAZDEHERI I D S TRE V] 2 TRELRY) pEESEL. \HED K
XV s TRELSRV WAL ZORIFE, TREL RV 208 TREWV]
WALz ZOREI S, ZNSDHR[ER KD T B = By, ZIRE L.

FNEV T, MREIC & D KBRS 2 R ARICHE T 2 58~ E Oz R
E L7z, BHERB . U CAEEE Asosin(2m ft) & HEE Bl sin(27 ft+daqj) DIREE
ZHORL, MO THERIME U TRUEE Asosin(27 ft) & HEE Bl sin(27 ft+ ¢com)
DRABEZEBRSME IR L. TIZT, doom (& dagy I L DG SN2 FELER
HOIRIETH D, —DODRAT v I T5degZ(L T 2MHE Lz, EBRSINEZF I, [k
BRI D Z 7 B AHEHERER L DD TREV) 2 TRELSRV) pEEEXE.
[ TREW] 2086 TRELSRVW) KA LLZ 2ofifHy, TRELL RV »
5 TREW) KA LIZE EDMMHELS, ZhEDFREERDT ¢ = g BIR
EL7-.

123 T8 Q) SEEFEONERDRE

FER (3) T, B (2) TRD, [RERREZRARICHET 2 5EERED
IRIE « MHHDOSMHT, BEELZIER LI EOXERREOMERZHALNICT
5ZexHME L.

FIEVI T, FERHE UTKES Assin(2r ft) & HEE Bl sin(27 ft + drim)
DEEEEZTRL, HOTHEHIBE U TKEE Awn sin(2rft) ZHEEBESINE I
RLTz. 22T, Awm 3 A CEDRONXERTEORIETHD, —DD
AT T05dBZELT 2 O RMEE L. EBESNEITX, BRI v K
AP LD S TRE2V) » TRELS RV pREFEXEL. ERRIOGE
WFEZED TRELSRW] 25 TREWV] L Lz 2DIRIE A = Ay, R
FNDGEEEIED TREWV) 26 TRELSRV) WKELLE ZDIRIE A = Ay,
RUE LTz, WIER Loy [AB] 141D XS ICERL, ZOMER Lo, ¥ HEK
AT L F N 7=

A
Lupp = 2010g,, f (4.1)
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Participant ID | 0001 .
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EERRUTES " Next" DD 22 LT TEEU).
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Participant ID #IHAME

Freq 1

BISANIZE(FSEIC
mNIcE B LT
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A= <R

4.5: MEpRETH W= GUI
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4.3 RERZH

AR TIEERFL Y UT, FEPBE f =250, 500, 1,000, 2,000, 4,000, 8,000 Hz
ODMEESZRME L. FEEIZ 1.5 s TEBREEM L. 3> 7V > ZREBEE f,
1344,100 Hz ¥ U7z, EERFRFENE—2> DRI LT 1 KRR TH 7=, —H
12, ZODRFEREICE L TERBRZITo 7. OB OFEE OSN30 /7 HitE
D+ KRR Z IS 72, —ODRMEMOEREEML T3 X7 4
ZDNBEEELIEZ T e HEN X S ICEBRBTHONT.

4.3.1 ZEEREINE

EEIIEHE RN 26 T2 K20 104 (B o%, k14, F35923.7+0.78,
22-25 %) MBhNL 7=.

4.3.2 EEEE

FERIMEERE L~V 25.9 dB O EENTHEML 72. KEEEREA Y hR Y (Bt-
ymotic ER3 SE) ¥ 7 > 7 (audio-technica AT-HA5000) %, HEHIRICIZEE
A FAhY (TEAC HP-F200) BXUONED 7 > 7 2HH L 7z, RO RHIEN
PC (Windows 10) £ Y 7 v =7 (Mathworks MATLAB 2021b) 8 XU A/D
a > —2& (Roland Rubix 44) TiTbhhiz. X 4.6 \IZEBRBRREOBISX %R

4.4 HRERER

FBE (1) DFERD S, BFHEFRNROIRIE B = Baj, HH ¢ = ¢.q;, IRIE A = Ay
BREIWRD D Z e TEE. MATICEEIER T 2 EER OIRIE DS R %,
4. 8 \THEHERIIBL D AIAH, X 4.9 ICKEERT 2 EHERIB OIRIBOAG R 2/~ 5. f2tE
R OIRNE B = Bogi MAANBITEBZ X5 DL ZEDHLITR o 7.
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X4.1012, B (2), FIEIV 258507z, SFEKRBICE) 2 K8 RE * K
LPET 3 FEREORIEZRT. K410 kD, JERREE2RIMNMET 25
BEORE DIRMED KD 57z, HAENKEL, 2EICHET 2 5EERE DR
IEDMEMAIIMER I N o7z, EBRSINE J OMER» S, b2 FEREICB VTR
ERREVWHETSH, MORERTIRESHDTLDIREL R ZEEFRVENVS
e IRENT.

X 4.1112, B (2), FIEV »r BN, SEFEICBIT 28RS ERD
MET 2 BEREFONMMEEZRT. M4.11 &), [ERRE2ROINET 2 B5E
FORE DN o7z, MHIESUEZBROT, mDIEXS5DOHETDH 132 deg
DEPANDIEIZ IR 2 Z e BB o2, o T, BEIERFTOMMHICE L T,
£ BICHE T 2 SRS OMERMEDTFENRE X .

X 4.1212, 56% (3), FIEVI» B 6Nz, KEEZRKRICHIES 24RIE - /7
MoK TEES 2R L 20, KEFEHICBI) 2 50ERRE OIEREZ R
T K413 WHERDEEME L THORREZRT. TRXTOREFEEICE VT,
JESNRA R SN 20, IRIBOFER L ARICKERBEAENEL D Z Do,
FIEMEREIZ4.95dB &b, FHiiRMETH 2 3dB 2R 5 Z &R E N, M
FRIETITONIZHER (3) DR S, BEIIRE OIRIE - MAHZ #2545 %
ZeT, RNERRINME L BERREICED TIERETH L VS Z
EHHLICIR o7z K4.13528, 250 Hz O & E Ao FBE L bk U CHERh R
PNZNZ Lo T,
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4.5 ER

FhR (2), FIHIV B L UHEE (2), FIHV TOMBIEAENIECZERE L
T, EADHENRICE 2 DDONEZBNS. B RO EHBEIXEANZ
CIZHER D, ZNHDEANEIC X - TRERRE 2IET 2 BERRE OIRIE - {17
MHOLUERERD, FERERAELOWEIEREZILND.

TEEMEAAETIESOWERE LT, MEZIEIC L 2EENEZONS. T
Y KA RIEEBEDIMBEELD % [28,29,30]. ZDZehs, FAOETHE
MTETWEELTHI—HTMENTES, BRICHE TOMTEENIE AL
TA[REMENE 2 o b, BEIMBEZFM L 2BNCIER RIE o #FENTEA DR
/NATHEMEICER KT 15 dB DEDN D 2 EBRSBMEI V. 2O enr b, FHAOE
TRERED I Y R RZERPEC CWEAREERE Z 5N 3. £/, BE
TNA ZADEBRNICE > THEIFRED I Y FAADWELGTE R > TWEZ E
bEZAONDS. ¥, BESFIHELRISE L0, HEIERL-BESED
TREEHHOBICERET 2270 R b =2 L IEINZBIRNELET 5 [31]. ZOH
R - T, HEIIERLIBERRIEDE DAL, RMOBETDI Y AR %
WRIBAGEEIEZ SN S.

HMEENEAIE D TTOMELD 7Y FARDPKEL ho B K LT, HESF
NA ZDEBEMBEI L 2HENEZ OND. SEEROERICE L-RENE, [
D 3EDRFEZ ZDHEFTT 5 & 1 KRR TH o7z, ZORICEBMNENTH, K
BEORNE 2T T 2 BERRE ORE - VRGP LD e BEZ LN 5.
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BTrE BEFNTRICLIERS -
EaHEzoMEICEAT 538

5.1 RERRIE

AR TIE, TREIEREINEEE T EFHE + BB RSN -EHAS %
TIAEEME) O FARALRAFICKR D 51 TREHEREN-EEE X212
EHEHE) OV R 2A%HE (U KR ATy F VD) X85, REPFEL
LRI DHMEELRLZRDBZ 2 I2XkoTHMFERZRD 3. X5.1 ICEBREFE
HoBIEX % RS,

HEZ(EETIDTIRFRAR SHRRRTYF LY
BERTE HMEE P
cEomE b SWRTEOH - |
D5 FHR . — o
sme ?Eé‘sai if:l;t #EEE F=1E

@?ET =]

™

5.1 MATE /RS OWIE IR 2 SRS 0 M
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5.2 EEOMEICRT D RER

CDEBTE, BERREEHWCESEEMEEELrHL PSS 22 H
By L7-.

5.2.1 EERAE

FEERZIMEFICKET Y Asoisin(2nfit) EBEE Y. Blim, sin(27 fit + ¢im.;) DR
BEERIERL, HMOVTEKESE Y Asin(2nfit) 2R T 3. 22T, i=1,2,..,6
ThHY, AW f; = 250, 500, 1,000, 2,000, 4,000, 8,000 Hz TH 3. As, I
ZRNFNDREBEEBIHIET 2 AREBETEL N 50 dB & 722 X 5 IRE L 7-1R
MEDME, Blimi, Oimi \EFREBICET 2 5ERE ORI L fitlE zh 2z
T.IRIE A ZA T4 RAN=IZXDERSINEICHBEIEZ LT, EREE L 5E
B Aisin(2nfit) DT RARPHEWCAFE L 22 & ZORIF A = Ay ZUE
L7z, HIER Lope [dB1E 51RO XS WCERL, ZOMER Ly, % LB
AWz,

(5.1)

5.2.2 EERBME

533 CitBHT 2 7 4 LV ZDORGTERE X ITA- B 24 P24 L T
e REL /2. IE LM 282 202N L SIERICERSME 1 L 2, L2
S FZ NN L SIERICERSIME 3 42 Lz, EERIENZ2E T 3 KER
a4t (B34, 14, 2431083, 23-255%) BShL 7.

5.2.3 EEREE

FERIEREE L ~UL 25.9 dB OB ETfTbi/z. KEHRRICIEA Y &Y (Et-
ymotic ER3 SE) ¥ 7 > 7 (audio-technica AT-HA5000) %, HEHRIIXEE
Ay FAR ¥ (TEAC HP-F200) BLUNEBED Y > 72 RMA L. RIMOTERHIEIX
PC (Windows 10) E®Y 7 + v =7 (Mathworks MATLAB 2021b) 8 XU A/D
a2 > N—& (Roland Rubix 44) TfThH7=.
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5.2.4 EERER

M52 I HAEDIERDOMREZ RS, K52&D, WIhoEBRSIEZFICEL
THHETANA ZZHWTEHEEEMMETE 22 0ho7. LarL, LR
EWTHOERSINE ICE L CHFMIRAETH % 3 dB % LRI SR o 7. FEH)
FE&130.95 dB ¥ 2o 7.

3 T T T T

N
(&)}
T
!

N
T

Amount of Suppression [dB]
—_ o

©
13
[]

Participant number

5.2: BEEOMTEE
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5.2.5 &8

MEOHER BEEOMERZ KT 5. MEOMER Loy, DN 7R o7
LEOMER L EEE OMER Loyp. DEDHXHEZ R 5.1 1TRT. ZDEDHEN
EPRAKTS 1.91dB /NS Wz s, RBMENTETVWRVWERBTD I v
FARRIZEoT, B2EDITY FAAMEKR L2 e EZ 5N 5. 1SO 532[32] &
D, BEEDT Y FXARARZABEBRICBI 277 FAABERFHEL, Thb%k
MEST2ZeTHoNS. D2 EEEFEHTMERI/ NS WHEIZIEZDHET
DT RAREENEAL, HRLTEAE2KD I Y FARBMATS.
DZeizkh, MEENBL LIeEZONS. TARINEEDE NP7
R LT, BETANL ROEBMBICL2INNEZ LN, MG OMTEER
DI, BRAEBOEFRTEHET AL ROMNBPIMNED LRV ESIZ, BETA
A REEEE LT TIRETEBREEM L. L L, — OB 2l
OMEEERC 1 RFERE D25 Z e h 6, B2 FEBOMETOERIIHICH
22270, AIHTHYEETF AL 2RI L THREZIROGERLD L. EoT, &
JABETHE T AL ZDMEIMEPITT N TV EHEIEAL T, FEERE R
g - MMHOEMZERDI-Z b ind. RERTIE, BETFT AL R 2EELLRIC
EBSMEOMUMOEEZIRD, ERILIZT AN ROEEMENFEL RS
Ik Az. L L, BEOATIIHRTEROVEET AL ZDMEIL TN
HoleZ b PMHEEDERTOER ol EZ N5, HEBOFET AL 2D
LEMECTHEOMEEBRZITV, 2OV oE%z FEERE OWRIE - fMHDHR
e L THWEZ T, LOMBEIREET NS RZEEL THHIEREZHESZ L
DHRETH L EZ NS,

£ 5.1 MiEORNMIER L BEE OWERD L
MiE O/ MIER [dB]  FEE Hz]  Lape [dB]  ZOHENHE [dB]

FKERSINE 1 2.21 250 0.65 1.56
EERZ N 2 1.62 250 2.01 0.39
FKERSINE 3 -0.85 250 0.44 1.29
KERS N 4 -1.21 2000 0.70 1.91
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5.3 ERMBNEICEYTSRER

CDEBETIE, BETAL REACTEEEES ZMEEIHLPICTE L
ZHME L.

5.3.1 SEERFLE

AREBRTHW - EEMET IS TH 5. M OMESERZ I L 72 B E
WEDE 272912, 250 Hz 725 8,000 Hz OHEiFHD 7 % Fo e H M 2R L
7z, WM ERMEOMEEBRICEDLET15s & Lz, FEDEHEMEZ OMER T
ThHL, EEOEFHESENMETE 202835729, 15s DEFMSZIERL
TRICENZ 10F T L. K53 ICKEIRR LI-EFHESOIERFIEZ ~T. %
3, BT VP 44,100 HZz T 15 s DHGHEZF ZER L, 10FE5 L7 X
W2, NYRRZRT7 42 ZRHLT, EHEHESOREEIEZ 250 Hz 205 8,000
HzI1ZL7z. ZDe&E, NYFRRTZ 40X, Vy ITADPETROANRT —2
T4 NRERA U, RERFOXEBIZ 40 2 L, > 7Y > 7RI 44,100 Hz
Y U7z mBIZ, 740X ENTEZETEONZEEEZDESH ARFHEE
LARLTH50dB 22 X5 T Y FLANILXA =& EHWTHIEREL 7=,

fiE 2 MET 2 58 RS OIRME - (HEOFKRAE»S 7 4 V22N & ITEE!

L, {UBHRT B ERMES 2 207 4 LR IZHT, BEIRTRT 2 EFHES 2 1EK
L7z, 74 VEHREHZEZ, EEOIRIE - (MHSE 2725 7 1 VX DGR RER
MATLAB D R%Z arbmagnphase Z W=, 7 4 VXX FIR Takat L, K& 150
L7, BB Y T 2580 BB 250 Hz 225 8,000 Hz E3XE L2 &b
5, o7V U ZREFELX, 10,000 Hz ¥ TORMEERE SN S X 51220,000 Hz &
L7z, MiEoMEER» SEEINT—RENEL, 74 VR EHKET L. KFE
BRI TD 7 4 VEFHE L BB T — 212 K 2 HWORHMEDIAZEDR D 72 { /N &
722 X212, KA TEICE T 2Nzl {Tok. K54056K 5231
ZFNFNDOEBRSIMEIHE L 727 4 VX OREHERERT. Lo my MIME
DOIEEERC X DB XN -E, KENIEWOIRIE - (itH, BIfREEEI L7 4
LR DIRNE - AR 2R T, X524 ICBEHR L ER RS OERFIEEZ RS
3, QEIRT 2 EHHEZ % 44,100 Hz 225 20,000 Hz ISR V3> F Y v 7
L7z, RIAEEOIRIE « MAHEE 27237 4 VX EDT 2. RRIEONZE
5% 20,000 Hz 225 44,100 Hz i 7 v TH > 7Y 7L 7=,
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Gain [dB]
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5.3.2 EERAE

EERSINE ICHEE TREFRINEFHEE + BEIORSI N EFHEE &
el TRERRINEBHET ) OV RAA~y F 2 Z 2RI X h FEif
IHTz. BREEREY LLAIEOHNELEL NV ERDSE Z e I2Xk > THIEES:
RE LT

5.3.3 EEREBME

545X 523 DREREZHNT, DTy b 7 4 L RIGEDOYRE « MAHIG
B DI —FiH2 (Root Mean Squared Error) # ZNZNETE L7z, #£5.2125F
BLMRZ RS, 74V ZOBGEHIE LT, IRIE 2 fAHD RMSE 22 5 Hi#& DJIE
fEEHL, MENRIEMNEZEH L. BEIEMD B2 8B XML 2 4L
THEBZHEMU. UELM 282202 b SIEFICERSME 1 & 2, i
2 ZNTFNLEDSIEFBICEBSINEI L4 Lz, BB, EERIEN2E
TERFEGE 4% (B34, 14, F3924.3 2083, 23-257%) BSANL 7.

#5.2: BEBBIMEZED 7 4 L &ZD RMSE ¥ 7 4 )L EFEE DEN

IRIEISE FHEIE
RMSE JEfii RMSE JIEf; & NEN
EKERBME A | 2.53 2 1.34 9 5
EERBMEB | 4.93 6 0.99 6 6
EKERZME C | 7.93 9 3.93 10 10
EKESIMEZD | 2.00 1 0.84 2 1
KERSMEE | 4.62 3 0.69 1 2
FEERBMEF | 5.71 7 0.85 3 4
EESIE G | 4.80 4 0.89 5 3
EKEBRBMEH | 6.71 8 1.13 8 9
KERSIEL | 4.85 5 1.00 7 6
EEESIM#ZJ | 1001 10  0.86 4 8
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5.3.4 REREE

FERIIERE S L~V 25.9 dB OFFEETIThiz. KBS RICIEA YR Y (Bt-
ymotic ER3 SE) ¥ 7> 7 (audio-technica AT-HA5000) %, HEITRIZITHFE
Ay KR (TEAC HP-F200) BXUMED T > 2R L 7=, R OTERlE
PC (Windows 10) E®Y 7 + v =7 (Mathworks MATLAB 2021b) 8 XU A/D
a > 3—2& (Roland Rubix 44) TfTbir/z.

5.3.5 ERER

X 525 ICEHMSOMERDHEREZRT. EBESMNHE 11 =>D7—&T, =&
BRSIN&E 2 3U> DT — &2 T, EBRSMNE 3 L 413 BOTF— X TCHETETICH
DIEE 72572, 74 NVZDOFRFPREE X ATATCOREERSINEICEL X, &
HBINAZAZHOWTEFHEESEMLETE 203, 7 4 VRO OIEENE NS
SINECE LT, MERTARPoZ e RENT. £, BETONER
CEBRIC, EFEMHEEICE L THOMEEDFHAZELEL 72 % 3 dB % LR 5405 /-,

EHRHEEOMTEREDEIE, 782X 5.26 1IR3, 52605, 7 4LXOK
EARWEIEEGMTEEN KL TWE ZeRaEn. U EOHENS, fiE
DIEES X DRD 5N FEEOIRIE - (MHOKMEZHMT Lo 74 V2%
FELCRET2 20T, BEERETHOTESEHES 2L T Z 2 AJgEEIR
X,
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Amount of Suppression [dB]
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Amount of Suppression [dB]
o

1 2 3 4
Participant number

5.26: EFHMEE OMEREDIIMHE, 77HL
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53.6 &%

T MMESNRBE SN o2 BR}E LT, 74 VXD XD IRIE - (ifH
PRREICHHETETOWAL2 722V 2R EZILNS. 540055230
FEE D HFHC 250 Hz TOMAIEICE L CHMORHEL 7 4 VX DR EICRK X 72
FEENH DD, TIT, ANCOFMEZPEZ 3. X5270D K5 IEER
g DIRENTERRIMESRE L o TWABERIEL T, FEIRFONMMH
DEFIT L > TR TEHTEL XD 3dB AT 2 [REMEDH 5. MiAHD U
TEERZ I TR, IETELZ0EI0 WO SMHERICEERZEZ 2 EZ S
N3, ZOZehrb, 74N0RDOEHCE T, KEFREEBROK D ZMETET
WEAKLLTDOIY RAZADHAKL, MIEEN NS K ZRoAlReENEZ 6N 5.

——————————————————————————————————————

o

FELAL: ——— S EL AL | —— BELAL:
0 dB S FRABED 50 dB FAZEE 8. N 53 dB

X 5.27: BESOREDOMMHICE 2 77 FARDZAL
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FOE AFEE

BETFAL 2L 2HEOWEICH T 238, BEEOMEICHT 2RR, &
HHEE OMEICE S 2 RBEZEL T, UTFDZ e SR 7.

1. KOESIRINME R NE S 2 BB RE O EMIRIEIC E DS 22T
58T, 3dB%RMEBZ 2 T0MENREETH 5.

2. MEOMESRMZHVWT, KB REIN-EHEEEFEREICI TS
L5ZEMAJEETHS. LaL, ToRIEEIEZES Z e TERL.

3. MIFOMERGZHWT, SERRIN-EFHEE 258 REICX DT
FTHILIFEL WD, 74V RXDEERIEERLITS 2 & THIET % 2 A48
MWD 3.

7 4 VR DEEEFD RMSE 2/ NX WEBRSINE 2 NI LT, FEaHEENIE .
72 o7, RMSE 3K ZWEERZINE 2 NICB L T, FEaEE A L ko .
P-oT, EFHEOMEENVNIVERKE LT, 74V XDOFFHTL->THID
IRIE - MMEEZRONRDP oI EEENEZ ONS. FHITAHRICBIT S
7 4 VX DOAAEFHEICE LT, KEERBIETORENMELS ZoTWnWa. ZOfitH
DIEE L T D ITREREBIR O AR E 2 M1E T 2 & 5 R2EuiE 7 4 v &
ZHWS Z e THENARETHIEEZIOLNS.

AR TIE—2HDEERT 250, 500, 1,000, 2,000, 4,000, 8,000 Hz D 6 2OD
RIZBU 2 B8RS ORIE - (MHOKGZRD, T—XDOTHFEZ{To7. L
L, WiL7=7— R EBOMELZER =L THhRWE WS A[EENEDRH 5. =
DL, MBEOMEEBREIT -7 6 SO BRETIEMEDTE T WD, W
L RREBR D TIIES R A s hkh oz EZ 5N 5. MEUNDOER
BB LT, SRAEBICBIZ 7Y FAREEDOAICL>TEKDT Y KX R
PIRESZINSG. 207D, EREDOFEBITHNHEFMAEDI TN TORGEIZE, 2K
DT RRADERL, MERIWNILBREZZENEZIOLNS. KIFEDFERL
MEBICHEET 2 EZEZONZEREFEG6.1ITRT.
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K 6.1: =ODEBOMBRMERDERNCEEEZE Z 2 EHK

MEN4 | PIE R D RS | E5%
ME CHERGENER L
= S 4.95 IR M=K LEE
EERHDT AN ZDFTH
EERE DTN A ZNLEDE N
BEE | PR 095 HIJET & TR £ 2 8
—— 7 4 VRFERE B DY 0.27 74¢&@%ﬁ%§
7 4 VERREE TN 4D -0.06 | NiET — & & EEEOMLERFDEN
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BITE B

7.1 AFHAEHBEASHICLI=C L

AWHZETIE, B2ERTICEL2AEIES 2 AR EBE T AN 22 ML
REETERM 0L ZHIEL, KB RIN-EFHES 2 FEIEREICE O
JECEZ20Ma3 222 HWE Lz, 207D, ZODOREISER % EhEL /2.
—OHDEBRTIX, FEEEBICBI) 28R EOMESRGEZHLPICLZ. K
HEB X OHFEEDOMERBEOE VD OMEICMEENELZ e 2EEL, W
FRIFIC K D BER RS OIRIE - MMHOSZEHZRD. —OHOERTIE, 1HD
EERTRD 72 H BRI E OIRIE - MHOSEEEHWT, SERRINIEESE
MERREDHH S I L7z, =D HDOEBTIX, WD DEEBRTRD 72 HFEIERED
IR - MAHDZRMEZ FHWT, KBRS NS EHMEE 2T TREL MR 21T - 72,
AHEDBHSPIZ L LU FO=2oTH 3.

B REN-ME BB RE I D TICIET 2 2 e A[RETH 5.
B RSN EHEE L BERRE L DINET 2 Z e OA[RETH 5.

o BRI E 2 BEIRE OIRIE - MAHZHIE L EFHHESICE- T, K
BHUREIN-EFHZ2NEST 2 2 L 3REETH 20, 714 VXD 2R
ERLITS Ze THMETX 206N D 5.

Ar

A

7.2 BREIN7-ERE

HET AN ZZHMH L BEENESM OFEER Z HiES 5> A TU RO & 5 25k
NTBRENITFET 5.

o JUEHERTARA Y — A& W 5355 Difat

FEILRDTANAL R LTA YRy EBHWED, ARIZH 2B L CHES 2 IE
TRIRENRDH D, ZDD, TERRDTANAL R LTAY—hZ2HHL -EER
@@ﬁ%ﬁ5%§#%% AV — H TEBZITIHEIIEA YR Y TRERRT

a2y, MEBREEENELRT L, EAEOETER ZHIHENHE
k&é HZBMLUTWAIRE L FHZEL TV ARETIINE BN TOEESNE
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ol Rt 1B Z e HIS T WA (33, 34]. FFIC 1,000 Hz DT O R BUREIC
BI2EEN AT I2HRTH 2 HHAZENRY DD, 10dBEREE LA TS, 207
B, SEEMLZEBOMRIIMENRL L Z e TFHIINS.

o MBFEXR VT NEA LTS 250BIEDD T NT 4 VX DEKET

7 4V EEEHCE, BB TEREOIRIE - MMHINE Zi7z 3 7 1 VX DRkETHIA]HE
72 MATLAB E8%¢ arbmagnphase Z HHWT FIR 7 4 VX 2 &Gt L7z, V77L& A4
LI EE 2 HUNIIR 7 4 VR TORGET Rl A, MTAELEL Ko7z, fF
FRICIIR 7 4 VX TORGHEREZRT.

o MIRIEYLY FZEDEEMEDL DD, LB O EICEHEIERE DIRIE - MiAEZE
ZHH & P02 T & 3 EER G IEOMET

AR TIE, —DOHDER: —SDHOEBREZBEL T, §ET NN, ADEEMNED
TS X o THEBIVNE L B2 e NEZ N, WRIEL AFEOEEEND

D, BBIOBEICEERRE OIRIE - MAHSMH 25202 T % 255 1EZF
H52E, RFRD X5 ICKEBFBOMEOMEERR L HEET ANL 22T L
BAEBREPEMTZZEMABETHEZ2EZIOLNS. LXK, BROMEICE

2 BERIRE ORIE - MAHOSMERD, ZOEEEEHNS Z L TEYDNME
WHETNA ZAZEBE L THMMENRZEONI EZIONS.

o 7 4 NVRERETRED HEITRE OIRIE - VAHD NG LD MG

ARIFZETIE—> HDSEERT 250 Hz, 500 Hz, 1,000 Hz, 2,000 Hz, 4,000 Hz, 8,000
Hz D 6 DD RIZET 5 BEIERE OIRIE - (HOSFEMZKD, 7—&XDTHFEZ
fTo7. L»rL, EBEOMESRGEPANE LT —X e BRZ0[8ENEZ NS,
FEOMESEBICBEAL T, XD ZLOMECTEERZITS 2 & THIERREIERT
LeEZLND.

o RFHIZENE TN 2 MEDHES

AWFGETIE, MF L UTHEL DRI - TEB) LW iE B MR 2 A L
o LpL, BAQHOE D IZH 2HEEHBHEO TR LN X > THELA
WDEET 5. 207D, BETFAL X ZEEMEROERZHIES 5 2T,
R A B ISR U C b IIER R E IR T 2 BEDD 5.
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IIR 7 1 LRI & 3555t D1%ET

7 4 VAREFREHZX, EEOIRIE - (AHIOE 2723 7 4 L2 OFGEHDIAIHEZR MAT-
LAB DB arbmagnphase & W7z, EOXE % 6, D TDXRE % 12 LiREL,
T ANRDOBHFZTo. 71127 4 L RDIRIBIGEDFER, M72127 41X
DS EDRRERT. THZNOMBRIIERSME 1O 7 4 VRIETH 5.
FIR 7 4 V& LAk RMSE Z5HE L, #RiE, (UHICBAL T2z 1.30, 2.38
CEME XN IRIE - AAHOISEF X B OIRBORHE - fMiHZ B BHHETETY
52 EPRENT. TDT 4 NEDRENZEDID D720, W& FE % B
H EIOR L, CORZRK7.31RT. 7305, MOMEIEMHNICA ST
Kt L TIR 7 4 W EADBALETH 5 Z e R ENT.
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