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Abstract

In recent years, computers have become an integral part of human life. They
have evolved from the first large machines to the current cell phones and even
smart watches. The size of computers is getting smaller and smaller, making them
more convenient to be carried around. There are small computers such as smart
watches and other wearable computers, sensors, and information presentation de-
vices, and various efforts are being made. From these efforts, it can be seen that
wearable computers (wearable devices) are becoming smaller than conventional
computers. Therefore, wearable devices are considered to be an inevitable step in
the development of computers.

It has been pointed out that there are two types of wearable devices: information
wearable devices and environmental wearable devices. Among them, information
wearable devices correspond to the five senses such as ears, eyes, etc. Bone con-
ducted device is an information wearable device for the ears. Bone-conductive
device is a device that can transmit sound by vibration of the skull or skin with-
out blocking the ear. Since the bone-conductive device transmits sound by bone
vibration, it has an advantage. That is users use bone-conducted device can hear
the sound presented by bone vibration while air-conducted sound is heard. It is
thought bone-conducted device can be useful for safe and secure communication.
In addition to providing convenience and safety to people’s lives, bone guidance
devices can be effective in supporting the physically challenged and expanding the
range of activities in their lives. Bone conduction devices can be used to assist
people with conductive hearing loss who have problems in the ear canal or middle
ear and have difficulty in hearing sounds by air-conducted headphone, or people
with hearing impairment who have hematoma in ears, a condition in which the
ear becomes blocked.

However, there is one problem when using bone conduction device. When speech
is presented with a bone-conduction device, the sound quality and speech intel-
ligibility are reduced compared to air-conduction speech. In particular, it was
pointed out that the intelligibility of bone-conducted speech was reduced in noisy
environment. There are two possible causes that may affect the intelligibility of
bone-conducted speech. The first is that when users use a bone-conducted device,
users can hear bone-conducted without covering their ears, then they can hear
background sounds in the surrounding environment at the same time. In an envi-
ronment with high levels of noise, the heard noise may affect the intelligibility of the
bone-conducted speech. Second, the high-frequency component of bone-conducted
speech is attenuated by the characteristic of bone-conducted transmission. The
characteristic of bone-conducted transmission is that the high-frequency compo-
nent of bone-conducted speech is attenuated compared to air-conducted speech.



If the speech intelligibility is reduced, there is a possibility that a discrepancy will
occur when using bone-conducted device. This may cause a serious problem when
communicating important instructions in the wearable information sharing space.

It is thought that the high-frequency attenuated of bone conduction affects the
intelligibility of bone-conducted speech. Fujita focused on the high-frequency at-
tenuated characteristic in the bone-conducted transmission and proposed a method
to improve the intelligibility of bone-conducted speech.The method using high-
frequency enhancement to compensate for the bone conduction transmission char-
acteristic. This method improved the intelligibility of bone-conducted speech in
noisy environment. On the other hand, consonants are concentrated at higher
frequencies than vowels. So the high-frequency attenuated characteristic of bone-
conduction may also affect the intelligibility of consonants. If we add processing
to the consonants, we can expect further improvement in intelligibility.

The purpose of this paper is to improve the intelligibility of bone-conducted
speech in noisy environment.

There are two important domains for speech: frequency domain and time do-
main. Since the method proposed by Fujita focused only on the frequency domain,
it is expected to improve the intelligibility of bone-guided speech by focusing on
the time domain as well. Focusing on the overall temporal structure of speech
signals, Drullman pointed out that the temporal spectrum is important for speech
intelligibility in the time domain. It was found that the intelligibility of bone-
guided speech can be restored based on the modulation transfer function focusing
on the time spectrum. The temporal structure of the speech signal leads to the
phonological levels of consonants and vowels. The acoustic features of consonants
are more complex than those of vowels in speech. Many consonants are concen-
trated in the high frequency range. In addition, the low power of consonants
compared to vowels suggests that consonants are easily masked in noisy environ-
ments. Furthermore, the maintenance time of consonants is shorter than that of
vowels. An important component to the perception of consonants is the formant
transition from consonant to vowel. Due to the acoustic properties of consonants,
it is thought that consonants are harder to identify than vowels in airborne speech.
Hoshino proposed a method of consonant enhancement by emphasizing the con-
sonant and formant transitions. Yasutake and Nakajima showed that consonant
stress improved the intelligibility and comprehensibility of speech presented by
loudspeakers in noisy environment.

Bone-conduction transmits sound by vibration of the skin and skull. The vi-
bration of the skin and skull also transmits to the outer and middle ear. And the
outer ear vibrates, the process of sound transmission from the outer ear to the
middle ear and the characteristic of air-conducted sound are similar. Therefore,



it is thought that consonant enhancement is effective in air-conducted sounds and
will also effective in the bone conduction pathway. Therefore, the aim of this study
is to improve the intelligibility of speech presented with a bone guide in a noisy
environment by effectively emphasizing consonants on the time and frequency axes.

In this study, two methods were proposed that focus on the time domain. Con-
sonant emphasize and modulation transfer function improvement methods were
proposed. Among them, consonant emphasize was found to be able to improve
speech intelligibility in noisy environments.

The proposed method in this study is to emphasize the consonants concentrated
in the high frequency region which are easily affected by the bone conduction high-
frequency attenuated characteristic. Other than that, the maintenance time of
consonants was short, and it was difficult to obtain sufficient improvement effect
only by emphasizing consonants. The formant transitions, which are important
for the perception of consonants, should be emphasized together.

For improving the bone-conducted speech intelligibility well, the combination of
the high-frequency emphasis proposed by Fujita and the consonant emphasis(CE)
is proposed. Therefore,the first-order high-frequency emphasis (FOE) compensates
for the transfer characteristic of regio temporalis(RT) vibration,which improved
intelligibility well has been combined with consonant enhancement(RT-FOE+CE).

In order to confirm the improvement effect of the proposed method on bone-
conducted speech intelligibility, speech intelligibility tests were conducted in noisy
environment (55 dB, 75 dB).According the results of tests, in noisy environment CE
has significant difference in word correctness with No emphasis. And there was
no significant difference between CE and RT-FOE. This indicates that CE has
the same level of comprehension improvement as RT-FOE in Fujita. In addition,
RT-FOE+CE significantly increased the correct response rate compared to CE
and RT-FOE alone. This indicates that the RT-FOE+4CE is most effective in
improving the intelligibility of bone-conducted speech in noisy environment.
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RN FE 2 di L7, MEEBRIE T CEA 7R ERC DRC IS A TR ICEK
BRI D B, L, DRC T L 7575 & HE A %2 bR TFH 3 U 7273,
BOWELz. AMETEHEZ2EZATCTFERIZEZS LT, THITH
B ZINZ 5 Z e B TE 2 eI NS,

FTE ORI N Z L ITM LT, ZESZFHEEOFRHEZMS S Z 8 TF
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FOHFFAWHKREZSETE S 2 & 2faM L7z (32, HE OO TEiHEZ RS
5ZrT, BE - FHEOHREZUETE .

HEOTHEZHFAT D I & TEHA DIRIBEIEIRNZED 2720, IRIETISHRDE
FTREICN S 2EETH D LAt L7z, o T, &A OIRIETMHRIERIEE A
TIRESEICN ST 2EETH 2 Ll b,

11



2.4 BETEOTHENREICEATIME

HEEFRDO TREYNET 5720, BESA ZICXBIGRLI-ERO THREY
WET BHFED3H %, Shin HIXHFE <A 7 TR LS REMHT 5 2 & T T f#
EE2WET 2L BEER D O XEEHEALOIE T 5 /HEEZ RN [33],

KAE 34 I3 ETZRRICE D BES A ERELRE L, BEER L UESE
FEHEDEL T, KEEFROEFTHARY ML L THEEERDEFHARY b
N DEFUCER R RO Tz ZIDZRBEBOYRHEICE S BEFH DY —
TN —FWRE L 2BET2 28T, BE~ A 7 TIERLI-EFDH
REZETE L,

HEENZVEETAAL ATEREZIRRT 2L 212, [EFICK2HE D R
WHERRL CLES Ze P EEIEREFRD TREICHEL 52 EZ2 005, 3
BEOFERRERO TRE LR NCHELH 2 %5 Z 212 LT, Fujimoto & Mori
X, MERFICHBRZES LUIRET, BETANS AZHHT L XOER T #
ENEL KRB I Z2RLT (35, BRZEET S I T, HEOHELZIIRW
», BERRERO TMEIHEZHR T2 2k DE Ko7z, LAL, B
ZEERTIL, BEER L XEEHEZFARICHERTE 2 2 W HET AL ZOF
BB bNS, 2D, KL TIE, NEEZBMRLZIRET, SREEERR
TRBIZEFRTHRELPHE T HEELMEL, BRI 22 HVWTH S,

Toya H1%, XUEE A 2 EE L UMEEERE (RT) AHENKSE (EC) @
BEREREZIE Lz REBINICISOESE R 22 LT, BEEHEOEEK
DHWEST DRMEE T2 2 2R L2 [36], & DEEIRERED BB REH D
THREICHERZ5Z2EZ20N0 5, BHICX 2 EBEZEREZMES 2 HEZ
REL, NEEZHABLIIRET, SEERE NS 258 REH O T EE
FRETE (11, BEH 11 1 3EEEICB Y 2 BREEICER L, B8 mERiE
AT 2 mEE I X D BRI RSO TREZNET 2 FiEZIRE L.
R [11]1C & 2 IREIEDERN 2 SR =R O HE & Wl A7 P AVERD
fEOMFICEH T 5720, —XEEiE#A (FOE) & &XEEEEH (HOE) &w»
S ZHEHOBFANEEEH T 5, ZOR, BEGEREOREE AW TEE
TNA R AT SN2 EFEEE ORI 2 HaicmE 3 2 SEEEFa L&
EILRGHE D TREREICENTH L 2Lz, Bz, HEESIRSIcCoOF
BRI 2 HE T 2 BEETIC X > THEEIDREH O TRE 2RIl ET
=7,

FEH (11 W X 2RBLAETIXEEIRRE RO TREZSEE L, M
WRIFZLAL (TRETIO WL E) TESTWADIFTIERV, £/, KE%
EDOERIIN LT, ToREEMRMIELNR VWD, HERE T CEEERE
FDTHRELZIDICNETIDLERDLEEZI LN,
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2.5 [MER

RIS X 2B R L - AIETHEIRRE R OREN RN BRI R L XLIZE > TV
BN s, BEEEREEME T T THRATERL -1 D 3
EEZ NS, BT X 2IRERIIFBEICE B L2D, BH TRECH L
TEHERIREOEFICER LD o7z,

F7z, BEMLECS GEEEREOREZZ T2 05, RF AT
7= E D EBICERT 2 TFEITBET AL ATIRRT 2BICEE SN 5 0 HEM
NDEWEEZILN, BERRIEFRDOTEOHREI#HELVWEEZIONS, KVEEH
DTHFLHART, BEFFOTEDRY =PI S5IZ5RD, IHICHEEDIC
S RBA[REMED D B, ZD7=0, FREIC K2R LT, BERERD
FEHIIAELDEBELZEZ LT WHEICHETE ot EZI NS,
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3.1 BEZEOO>EThH

FEANC X 21IBRIETEH SN TV D - - IRIBEERICEH T 2 B8RS A
DT FRE R BEET 2 HIRICOWTHAT %,

IRIE TSRO 2RICE B 3 2 ZiRmZRBRICOWT, KEFIETEER DM
FEICHEHDWT, BETAL A TIER L 2BEERO TRERRETE 2729, [
PRICEFmZBE R O MR EICEO S KET R 2 TZ 2 e B2 oMb, BER
TRT B KB AT E R O W R C AT ZER B R BT A 2 Ik o T,
HBEIERT 2 ZWCRET A ZHMFATE L2 EZIONS, Z2DD, HEL
EE A L KCBRESE O MTF ORI HE O WT, BEIRERE O THRE DUEE
SR H 2 IS,

T/, TENBECEREOHMELZZIT, BEIVEEICR2EEEZD
N3, JEEHFEEEOMIC, BEEHEOTEDOIEERNMET T 5 Z & 25%E
BHX N7z [19], BEHIC X 2IRR L2 HIE T L 2 B8R EH O ICHELEZ S
TWED Z RIS 270, BEHOERGERZ AW TEBERERZ M Lz, K 3.1
WEHIRERDO M LR 2R, 22T, SHEERIE, 75 (B3 ok
WD AEEZT-TFE (BE) OBDlEZ2RT, YOI RMEFERETICH, F
FIIERE X D RERAE L, HlERZEZ LS WEADS RO o 72, B, 75 dB
MEBRE P2, TEEERIFEEERD G LD EW (F35:0.196, F:%:0.038)
LIRSz, BERNC X 2IRR L FIEEEF ORBEEHRIch 2 b —RicE
Bt 2 T Z e TH S0, ZOFETIIEERREFOEHEL LD FHE
PEEVWRL T IZEETER Y, ZAUSH LT, FEEZEATE, S8R RE
FOTHREZHNETE2EZION, TEHMINCHET 2T RIISEE S %
MRIZLIZDDDBIZEACTH S, BETEHERZLETS X, R LHER
REIL, K8 LHEEEOIREDNE FHIZHIED 5 (6], SAEIRETUIHNE D
LHEHICLE T2 HE [REEORMEIUTWE, ZOZe2EEX 5L, FH
AP REZICBWTEMNMEDL D 2 2o, BELEEED ZDOETITBWT
bEMERD B EEZILNT VWS, LED->T, BRORBMECEHL TS
DA ZERMNEFATL, BB REFDO THELZ I HICM X85 Z T
X E R, TERMIIRECEIR L IR S 2 HIETH 5,

AR TIX, BEERE NICBT 2 B8RS S O TRESEE AT T, HHED
IRIECAEARIERICE B U, KR - B L CROIRANCEE § 2 HIEE IR T 5,
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3.2 FERAICLIBERTEEDTHENREE
3.2.1 FE&f

Toya 512 & D HIE XN B EBEREORET, FEIIREF O ERER S D
HIZ 5 kHz U EOEBBABBELTLE S [36] 2ebhrot, ZOXI7RE
WIS IS EREGERICET LTV A FEORD 2HE LT, 75D TRE
EKTOEREL->TVWDREEZ LN,

HELERE O E L 2T 5720, BEEH O RBEBUR T D REE 5 O JE A
M EDRT—DNXL 2B EZONED, TEOEEREICHIKEL, M
FPEISEELEREOREL I DRI TVWEE Z 515, Kato & Shimamura
SIS EPDTFE X DBE LT VLA L 37, 2D72%, KRFET
DIRRIEZEFIRBEBICER L TV BERE/RTEOEELZZIRTVTIEE
AT TH D, ZOLANC, TEOMERREIE N DI, TEEEAT
BRI TRTDERENRZBICLVWEEZ -, BEIETRSED TRER X
SWETE DD, THOHBEICH LU TEER 7 1L~ FBREIRS IR
T2 BB,

RRFIC X 2 TEEFANFEOIE 2 X 32127 F, K320 A~DE Tl
HEAATIE A~D IS T %, & 2T, A~CRTFEEFAXMOPE, D IFmFaiL
HTh3,

A TEXBEOMH .
HEOTEIOMHL, ROFIETIT- 72,

1). BEES z(t) ORFEBBC I ORI A& e, (t) 7, KM -TK
Bz,

eq(t) = LPF|Hilbert[z(t)]| (3.1)
Z ZT, LPFIEA vy b A 7 REHEE 100 Hz @ 3 XOAREGEE 7 4 1 2 4L
FH Hilbert 13 L~ P ZEHZ R T,
2). BAE1ES x(t) D 5 kHz ML L& AR BRI OIRME TRERR en () Z2, KX
QC?E D "C?\Z @ f:o
en(t) = LPF|Hilbert[HPF (z(t))]| (3.2)
Z 2T, LPF & Hilbert 1% 1). L Ak 2R L, HPFIZA v b4 7
JETREL 5 kHz D 9 2RO fEiguis 7 4 L 2L 2 KT,
3). eq(t) ITHT B ey, (t) DHEXFL AUV Po(t) 2R TRD T2,

P.(t) = 201og,, <) (3.3)

eq(t)

16



4). P.(t) > —12 dB Zififz TR ¢ (¢, <t <t.,) ZFHEAHAEL, KT
BEOMBR R 6, BEOK TR L, ZVE LT 72720, k=1,2,..,N
(N: EHEEBICEEN THHMOBED) TH 2,

B. 7 4L~ FEBEERE L 7 HH X LR

TANANTY FEBREFEOHIREICE > THEERDDTH D, WHEH»S
BENDOEBEBRREIZ 50 ms MNIZZE T T 5 e EbNTWS [14], %72, Furu
7 A~y FEBE D ORERIITFEOR TRAD2HHM 10 ms THEZ L
ZHEH U7z [38]c AWK TIE A THE LNz b, DD Tioens = 20 ms DR X
fZ 71~y b BB LTIRE LT, FEIRICIMZA T 2= M E
BBy b P CmaE L 7z,

C. T — —JLHf :
A ORFER Sy ¥ IERFHER 7 O O AR IRIEZ L 2 BT 2720, 7+
I v DB OKIED S Tiaper = 10 ms 1D 72 D IRIEE FER I IHE X
B3 E5%ay A T — =% SR X E 28 U7z,

D. GHEaRALE :

B ORI t,, 7205 T — S — U D to, + Thoous + Traper F C DK
REEHFAKE L U, MSHHXMORIEE +12 dB HiE L 7.

M EoFIETFE#EMA (U, CEEXRILT2) 2L, FHIDRERETIIE
P, EEEREG AR EREZEATE 5,
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Input

speech
signal
v
I/A:Consonant identification
'

B: Formant transition adition

C: Taper setting

D:Emphasis

X 3.2: fRRIFEICBT B 115 i LI O g
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3.2.2 FEEArEEEAOHEASHE

FEH [11) 12 X 2B L 2 EmEusil & AR ToFEEAZHAGDEUL, &
HAAEHTOSEE LD DI DICHEA TMELZWETZL2EIONS, 2D,
FEH [11] ICBWTBERN RO E D - 72, HEBETIRE O mERMEZ FE S 2 —KE
kil (RT-FOE) r AWM ToTFEMiH%Z, UTOFIHTHAGLE . FHE®R
i e SR O A S OB T IEOMIE 2 X 3.3 1R T, X 3.3D A~C I &5
XEIOIRE, DIXEEGRFANE, EIXFE®FATDH 5,

1. BFEES 2(t) ZHWVT3.2.1 8D A~CIZ X b iR S 2 RER X % RE L 720
2. BA{E%5 z(t) I RT-FOE O &EBIRHFAZ i LES .(t) 21572,
3. BRES z.(t) BWVT, 1. THE LRBX NS LT D oF &R

FEOFIEIIHEY, CE ¥ RT-FOE D N4 7Y v F (RT-FOE+CE) 12Xk b &
FIEE 2N L 7=,
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Input

speech
signal
v
A:Consonant identification
]

B: Formant transition adition

C: Taper setting

D:RT-FOE Emphasis

Filtering for FOE
Amp

E: Consonant Emphasis

3.3: THMA & — R IgERF DA G D DR
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3.3 ZREERSICE DS BERTEED THRENREE
3.3.1 ZImERBDS

HIEEE L KUEE A OZFNRZER R (Modulation Transfer Function, MTF) D
Bt 2 O WTHEIREE O TIREICHENRE D 2 L E 2 2720, FEEH
CREEHDMIF 2RO Z2EDH 5, 22T, MTF DEFRICE D BEEH
CREEFOMOMERMELZ KD, SEEH L BEEROLFHRARY M LE R
DTH OAREBBEHO I L, KEEH L FEERD MTF 2R3 579,
FIRFCIER L 758 SR e BEERPBRETH 5, OWnicfiofz7 — 2 II5ES
AO(OEMED) v EEES (JEEE) CHRRHCIERL 72T — X=X TH 3, T—
RRN=ZFARFETI5 N (B4, 4% X8R LSRR 4 8o~
YRTHD (RBHH 15 x 44 = 660 i, HEEH 15 x 44 = 660 #) . 2 L7z
F—XDOREEEN 15 TH 2, MTF OS2 X 3.4 1R, BETFANAL R
TWREFIICY 7ILEA LTORENRD NS & TFHEINE /-, BEHEICMTF D
WRHEZ R CHETEX 22 2RD, 2D, BHEZHET 2 & ZITUHH
BN A E % L WIREET MTF 20 L7z L TFTOFIETHESE LA
RO MTF 2K 7=,

1). [REEFES v,(t) L BEEFES u(t) OB RE I OIRIE CA&H s,(2),
sp(t) 2, RKIZHE- TRD =,
s(t) = LPF|Hilbert[v(t)]| (3.4)

ZZT, LPFEA vy b A 7 EEE 60 Hz @ 3 RO 7 4 L X UL
Hilbert I B L~V N Z#a% £9,

2). IRIEELIERR s.(t), sp(t) DRV —Z RO —FDEFH A2 bV ES,, ES,
ERAUHE - TRD Tz,
ES = FFT[s(t))? (3.5)

ZZT, FFTIZ 77—V & H%ERT,

3). 660 EEFH{ES ES, DFMEICN LT 660 HEFRES E£S, DFIIEDIRZER
;5( Fmtf %y_\’ﬁfﬁzab‘f:o

| ESy|
|ES,|

Y EDOFIETKD Iz MTF &K 3.5 TR$, BB ICB W TER TRE
R 2EERMTE1~16 Hz £ TTH 5 [39), HAEEHET 2720, 30 Hz %
TZRT,

21



AR TOREEIX MTF O# R (Inverse Modulation Transfer Function,
IMTF) 280K, [UEEHZFET AN X TIRRT 5 & TOMET 5870 %25
W BEEZS70, IMTF 22X TRD 7z, KO IMTF 13K 3.6 TR,

Lnis = Fn;tlf (3.7)

22



BE/NTD —4EG SEIFH IR ML

power

Modulation
{depth
FFT
time 7] Modulation
frequency
3 N &iEang 3
power ﬁg/\ 2 _@"z“ggb? Modulation %EEDEZ . '7 l\ v
depth
FFT
e
4 >
time
Modulation
frequency

3.4: MTF Doy Hitiss
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3.5 BT & KUEE R DR mzE B
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3.6: HEEHH & SUEE H QR mE R O W
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3.3.2 o)L

BEEFRCREERD IMTF 2R L CHES 2 7 4 V2 2G5, IMTF
EX 3.6 TR3o IMTFIZHE DK RET L2 7 4 VA EZKEEF 0T 5, ZHUT K
D, BEERCTRET 2Bl LK EER2HNIT 2N TELEX
BB, FDH, HSEMZ UL MTF OWEEZFIHAL T 4 VX E23HRET L=,
72720, IMTF ZZ D% EHS Z e B EHOEERKITICHEMI 2852 %
A[REED D 2 Z E DI ST WA [40], IMTFE 225k~ T, WICE R 1 REDE
L7 2 R[REMED D 2728, IMTF O—f%d & ¥ L TT7 4 VR ERGTT 2 0EH
HBrEZOND, ZHBEFEERSOFICAHz DY ZAXH 2B — 7 13EH T fE
T L TEELZ STV [41], SR L7 IMTF 134 Hz OfhEic e —
IWBHBH, IMTFOVY—203H23 2 ZA5%H0Mc LT, BENLZ 7 4 &%
et L7z,

X 3.612RT X912, 30 Hz ETOHFPFLIANL, 9dB XhEWwE Rz %, Z0OfE
RN EE L ~OLOMEIEIIYHERN R BT EIF 5 e E X TWb 749, 4 Hz
AT DIRFAEEZ OIS U7z BARRR 7 4 L Z DEREHILLT OFIETIT - 72,

1. B2 b%E RS 14 Hz 225 30 Hz S CTOFFHDO FEHEEEFEL =,
2. 0 ~ 30Hz DfED & 1. TRD 7= FEIGEZ BRI T T 70

3. P— 27 DE 6 Hz IO ZFIFEL N5 1 dB FTEDRSHMICTIF2 X512
L7,

4. 3. DD BRHED S, ZOLIFEDEIZ 1 dBIT L7,

AT UM 7 4 L Z 2K 3.7 I2RT,
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AT LA 7 4 VR BT B Z e T 7 4 VX B L, BET
NAZADY T NEA LI ZEEL TWE7280, T4 I ZNLT 4 LR TOHRTAL
HEFE A W IR Infinite Impulse Response (IIR) 7 4 VR B&GH LTz, —HKk
2, IR 7 4 V2R H(2) 3R> TEFR SN %,

_ B()
H(z) = A2) (3.8)
7z72L, EXOHIZH 3 A(z), B(2)iFXATHKT,
K
Az) =Y apz* (3.9)
k=0
K
B(z) =Y bz" (3.10)
k=1

ZZT, ap (ap=1) b l&T7 4 VEFE, KIZT74VZTETH S, 78 A(z)
BXUST B(2)iF, B2 —L - 74— —% (Modified Yule-Walker Method)
[42] THRD =, Modified Yule-walker T, &atL 72 WHARL 7 4 v X DAL
JEE RN W T, FIRE IR 7 4 VX Z3EHTE %, Yule-walker %
HWT, UFTOFNETHR A(2) BX U T B(z) 27z,

1. ET LM77 7 4 VX DRI EIC L 5, XU —ZART MLERDTZ,
2. 1. THRDFZ T — AT b L% T Fourier 21112 X b H CAHEIBEECE

Kbz,
3. HOHMHEEBEED SFRED 7 4 M EZREIWCEN L7 7 4 V2 DR A(z) 2 A H
L7z,

4. A(z) ZIMEDEL 72,
5. ART FAUGRRIZE D, 7 4LEDAL VNV RAINEREH LT,
6. T/NIRIEIC KD, 5. TRDIA VoV RIBED ST B(z) A L7,

PR 7 4 VR =TT 3 7 4 VR B LW, 74 VR REHDE
HTHb, 74 VEZXED Modified Yule-walker W TEkET L7z 7 4 L& © FEAE
72 7 4 VR DD I EFIREEZE (Root Mean Square Error, RMSE) %
FAWTHRD o KEL 26 52 FTORICHKET L7 4 VLRI X 2BERR 7 4L
& & D RMSE OZ{LZ X 3.8 1IR3, M7 4 2 DXL, #iEhid Gain (dB)
RS, ZEEBELLT VWD, Gain = 20log,, RMSE T3, K380 5,
KB EmD b L HENHPRD L TR0 AZ S, UL, 52 XUUELSZ S
o TWianWes, B LT 2 #iPH D 78 TRRAED — B RO D 52 2RI
kD7,
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52RTCKET L2 7 4 V&2 L HAER 2 7 4 L Z DN 3.9 1277 T, X 3.9 DR
B E (Hz) , M3 Gain (dB) 2R L TCW5. Ideal 3T Y 72572 MTF
DWFRIMEZFR L, Postfilter 13&FT L7727 4 VX %2EKT,
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3.3.3 ZREMEMDHER

2RI B D M E SRR PRI KB S R ICRGT L 7 4 VR BT 5 28 TH
%o ZEAmiER RIS DR — IR R DT 7D, 7 4 VR ZRRICEE O
RT — RIS T B0 DT, [EEFICT 4 VR 2D T 5B ETI3EH

S >

DYRIEEREIRE F v V7 &2 01T Teo ZFRZERIDOMEHIZLLT OFIETIT S,

1. KUEEFES o(t) OIRIBEIEHR (1) 2, K> TRD 7,

X|

y(t) = LPF|Hilbert[x(t)]| (3.11)

ZZT, LPFxhy b A 7 EFEE 60 Hz © 3 XOKIEHEE 7 4 L XL
Hilbert 1 B L~ N 1% 525,

0. EEFIRE o(t) DIEREE (1) 2T, EE0F vV 7 o(f) XU
'T;\E‘O T*@f:o

_ =)
c(t) = o0 (3.12)

ZZT, cft) WERRICRSTLES ZeZ2fi<kd, y(t) OFIZED 0 D
A% eps (eps = 2.2204e716) 12 L 7=,

3. PRIFCLREHR y(t) & =3 L7287 —ElRGHRICHTRT kG L 72 7 4 L R &2 92T T,
B L 7287 — TR f, () 2B L 72,

4. BFALTZEF fo(t) ZXRNTRD T,

fe(t) =\ fy, (£) x c(t) (3.13)

5. AR L7725 fo(t) ZIREAES 2(t) D RMS 2—33 % & 5 1L 7=,

]
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3.3.4 ERERSNEESERFAOESSTHE

FEH [11] 12 & D IBR I N7 &SGR & AT oOEFZBEBRAEEEHAS D
BAUZ, SEGEFEMTOSEE I DI LIIER IMELRETEZILEILN
b, ZD7%, FEH [11] 1281 2 QISEEIRE DR % fiE 3 2 —REseE
(RT-FOE) & AR DOLTmZBEBEEE, UTOFIETHAGDE 2, F&
AR A E B GETE b SEEEFA DA S OB T TEOMIE 2K 3.10 IR T, K
3.10 D A~C I FEEFARBEOIE, DIXEEGEFIE, ER3TFEmiEATH 3,

1. BFEES () ZHAWVT3.238D 1.~5.1 & b ZFRGZEBEEOFIE %585 L
TAEE 1, (t) 1572,

2. BRE5 1,,(t) \Z RT-FOE D =GR Z i L1E5 xve(t) 21572,

FEoFIEICHEY, IMTF & RT-FOE N4 7Y v K (IMTF+RT-FOE) 12 &
hEFEESZHANIEML 7=,
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A:IMTF Emphasis

Input
speech
signal

Amp

Filtering for IMTF

Filtering for FOE
Amp

3.10: ZEFHMRERBEE L & — RS BERF DA G HHE O
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BAE  FH

MEEREE T C, AR TIRR LRI EERTRER O TREICOUER R 2
WY B, 2OEH [ REABREIT o 7

4.1 FEHIRFHD

FEH [11] @ RT-FOE I X 2 5EFHAVE S X CHRRED 2 FHOEFINE (CE, RT-
FOE + CE) 2 L7zBOEERRER O TRESEMR LT 270, HH
TR AT o 720

BRT—H

FE/%‘J%g THRERBHER 7 —%ty b (FWO07) [43] &b, FBRICHW2
7

P
=
ot

RBEE Lo FWOT IZHEERIEE O 7 BFEFEEME L S L1 4 D DFH
(1: low (1.0~ 2.5), 2: lower-middle (2.5 ~ 4.0) , 3: higher-middle
~ 5.5), 4: high (5.5 ~7.0)) XFT N4 E— FTHEI LR INS,
ﬁ#mmﬁamaaié®$kﬁi HEDNEWHEETH 5, BET—XDY
") 2 ZTRBAE 48 kHz, BEFLE Y MU 16 bits TH o 7z,

CHE o
wEﬁoufwﬁ
¢ONyER

4.1.2 EEREMH

3.2 Hi TR 2 MO MIFHWIE (CE, RT-FOE+CE) % L 7= S AR, =i
el L7 AR (RT-FOE) &, 5@&FAMLEZ L (No emphasis) & fIliE % 1E
ML7ze ZHB 4FEOSHEREICIE, 4.1 8§ TR 4FBEOBERES 7 DH
FEDEEND LD Lz, MEREEEE S 270, 2EEHOIERETEL ~UL (55
dB, 75dB, D&, HBFL NV EIER) OV Y I7ME RV, FEBOEEHX
32 (IHZ A TATE x BIRE A4S 07 x HFL L2 ) Tholz,

4.1.3 EEBRENE

KB, EFBENEET 2 20RO HAERGEGE 10 4 (BH6%, M4
%) BBMLTDH S o7z,
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4.1.4 HERIEE

FEENIX 4.1 1R T LI ICHEES L~V 15.2 AB DB ETI{To 7. SHEHIHOD
RCIEEEN I VAT 2a—Y MRSt 720ay vy, KESO01) &7V
(audio-technica AT-HA5000) ZHWe, BEZYR 7T 5 YV 7HE [44] DIER
WA ¥ —7 (ECLIPSE, TD50SMK3) ¥ %V —7 > 7 (Yamaha P4050) % H
Wzo AE—=HIESIMED 70 en BT ITERE Uz, B - HEEFIM O RHIEZ PC
(LG Sharkoon, Windows 8) DY 7 + v =7 (MATLAB 2014a) 83X U A/D 2
Y N—2& (Fireface UCX) ZF|HL TITo 720 SIMEDIEHEIC, RIGEIGD 725
DAZN) =2 F—R—RNEHRELTZ, BAEROBOFEN S VAT 2 —%A
DEINNEEITENETEIF 0368 VTHD, ZDLEDT v KxRALEMir 72 5%
EIEECOET L ~LEH 60 dB TH - 720
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4.1.5 EERFHS

EERZIMNE L, SBERX LKAV 7B ZIR R LURBRDOBET AN AP EH
FIETER Uiz ERSIMEFICIIEEIN - 2 HEEZF—KR— R THER D FANT
52RO, BRENT 16D T2D 20 HEE, FH325M4 640 HGEE L2, &N
ZHEENHEWCERZ2HEYV A M2 4ty NAEL, 2SNEDFR—DHELE
22Tz, HAHEIIOWT, 4F—FIXRTIER LI ZICFDHEE
BPIEEL LT, SV, BIRES V7, WAz A4 7oME @4 7)) ¢t
DOHFEFEREZRH L, HEHGC vz,

4.1.6 EERER

4.2 24313 FNFRHEZT L~V 55 dB, 75 dB O T TOHEE EEREE
ReRT, T7—N—1IFEREZRT, K42 X431, HEETHERRTE
LRI R A T - BEES V7 T ORGEIEERZ R T, MG & 1 72
MNUTEHEES > 7 %2R, HEIT®H 2% Word recognition rate IZHFEIEE R
RLTW3,

B oNHEEEERIZBIT 5 ANOVAL IZ X 2 080 21T > 72 ANOVA4 T
FERMOFEMR, ZXEAMEH & BAMERRZ R OH T % 5,

SRR A S, BB V7 LML AL 3ER DS EOT OREEE, BEEIFER
W UTERI & A4 7 [F(3,27) = 6.49, p < 0.01], BIEE S > 2 [F(3,27) = 119.13,
p < 0.01], HEEL~UL[F(1,9) = 348.53, p < 0.01] DEXEIFRD STz, F7z, i
HEA T EHE LNV OMICZEBAERD RS b0 [F(3,27) = 4.78, p < 0.01],
AR X A T BT 7 ORI BEHIZERD bz o7z [F(9,81) = 0.56,
p =083, MHFAXA FEHETL NVDOLREAEAITH LT FMIMBEDHKSR, HEL
AL T5 AB DT 4 V& 24 TORMENRDIED iz [F(3,54) = 11.25,
p < 0.01]c #E L~V 75 dB TORERIZOWT, Holm-Bonferroni 412 & % 2 EH
HBMEZ T o7 BREENRONIEFAZ A TOMERE, K42 &K 4.312*H]
(p < 0.05) BEUFHI (p < 0.01) TRF, CEIZBIF 2 HEEIEEHRIX No emphasis
DHD LY BEREICEP o2, %72, RT-FOE+CE XMtz 4 7k h b EE
WIEBEENEHWZ b bho Tz,

38



= o =
~ o) o0

Word recognition rate

=
o
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No emphasis RT-FOE

CE RT-FOE+CE

4.2: FERH | HEFE L~V 55 dB BREE T B R R IR AR
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Word recognition rate
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(b) 75-dB noise level

CFamiliarity 1
mFamiliarity 2
mFamiliarity 3
mFamiliarity 4

Kk

*%

No emphasis

RT-FOE

CE

RT-FOE+CE

4.3: FEHRA | HET L L 75 dB BREL B IR AR
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5% 4.1 TN | MABIEAER

BREGEM | HELOL | BIEEL | BEE2 | BEE3 | BEEA4

No emphasis 55 dB 0.795 0.84 0.92 0.95
75 dB 0.095 0.12 0.235 0.41

RT-FOE 55 dB 0.825 0.885 0.905 0.985

75 dB 0.18 0.22 0.43 0.555

CE 55 dB 0.815 0.9 0.915 0.965

75 dB 0.165 0.145 0.365 0.585

RT-FOE+CE 55 dB 0.87 0.885 0.925 0.955
75 dB 0.28 0.335 0.525 0.66
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® 4.2 THMH | AEEBTHR

source | df F p
A:HEEL~UL || 1| 348.532 | 0.0000
error[AS] || 9
B:#EEZ 7 || 3] 119.132 | 0.0000
error[BS] || 27
C:5FAXA 7| 3| 6.494 | 0.0019
error[CS] || 27

AB || 3 31.16 | 0.0000
error[ABS] || 27

AC | 3 4.777 | 0.0085
error[ACS] || 27

BC| 9 0.557 | 0.8282
error[BCS] || 81
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4.2 ERIERHEEDFHE

JEH [11] @ RT-FOE IC X 2 5@FLIE S X 4R EED 2 MEHOEFALHE (IMTF,
IMTF+RT-FOE) %ML 7zFDEERRER O T RELENREZ LR T 5729,
A TRERBZIT o 7,

421 BET—AHX

BRI HEE TSRS 7 — 22y b (FWO07) [43] &b, FEBICHW3
BRT —RBEE L, FWOT I3HEEREED 7 BREFEMEZ D & 124 DDH%
o227 (1: low (1.0~ 2.5) , 2: lower-middle (2.5 ~ 4.0) , 3: higher-middle
(4.0 ~5.5), 4: high (5.5 ~7.0)) WKAFoNiz4E—THEIOLERIND,
BEEDNEVEGBIIHEEFOFIE S HENEHVHETDH S, 5HT7T—KXDY
> v TTEEEENT 48 kHz, EFEE v FEIX 16 bits TH o 7z,

4.2.2 EEREMH

BT — R T E RIS T — X B o7z, 3.4 HI Tl -5RFANEE (IMTF,
IMTF+RT-FOE) ZMi L7 &S AR, miEudi LS HEf (RT-FOE) ¥, #
FAIEZ: U (No emphasis) OB FAFBEZIER L7z, 206 4 BEOEHRREIZIX,
411 HI TR ATFEOBEE S > 7 DHENEETND LI LT, MEREY
BT 2720, 2BEOME L~V (55dB, 75dB) OV Y 7SR AW, &
HEOEFNE 32 (REX A TAEE x BHEEA4T V7 x HEL L2/ T
HoT=,

4.2.3 EEBRENE

FRIZIE, EFEENZH T % 20 RO DAFEEERE 10 4 (BiEs %, &iEs
%) BEML 7z,

4.2.4 HERIEE

FEENIX 4.1 1R T LI IS L~ 15.2 AB DR B ETITo 7. SHEMIHOD
RCIEEEN I VAT 2% RSt 72ay vy, KE0R01) &7V
(audio-technica AT-HA5000) ZMH\Wz, BREEZYRAZF 25 7 [44] DR
WZIEA Y —% (ECLIPSE, TD508MK3) ¥V —7 > 7 (Yamaha P4050) %
Wiz AV=HIESMED 70 em BFITHE Lz, B - SO RHIEL PC
(LG Sharkoon, Windows 8) EDY 7 + v =7 (MATLAB 2014a) 38X U A/D 2
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> X—& (Fireface UCX) ZFIH L TITo 72, SMEDIEHEIC, RKIGCEHIGD=D
DAZN) =2 F—FR—FZREL, HEHEEROFEDOEENT VAT 2 —HA
DEINNEEITEIMMETET 0368 VTHD, ZDEE2DT7 v KxRLEMiL 1255
EHEETOEE L IR 60 dB TH - 72,

4.2.5 EEBRFEHES

EERZME L, BRIV 7B RIRR LR O EBET AL AL EH
FIB TR %5, EBRSMEIIIE SN HiEEF —R—RNTHXIFANT
52RO, BRI 1EMEDT2D 20 HEE, FH325M 640 HiGEE LTz, &N
DHEENHWCELZHEYV A M2 4ty NHEL, £@SIMENE—OHGERTE
T2 ZllIrz, HEIHEIEICOWT, 4F—FIXRTIER Lz ZICFDHEE
RIEEY Lz HEL AL, BEES V7, 24 T7oE (W4 7) Z¢t
DOHFEIEERZEM L, HEFEmH W,

4.2.6 EERER

X 4.4 ¥ K453 FNZFHHEZT LNV 55 dAB, 75 dB O N TOHEE EEREE
ReRT, =7 - N—3EERERZRT, K44 &XN4.512, HEETHERBRTHE
SNTTRIRA T - BEE S V7 Zr OHFBEIEERE R T, BEIITHRTAZ 1 71
MUTEBREES > 7 %L, HitdTd& % Word recognition rate X HFEIEEHR %
RLTWS,

BOoN-HEEIEERIIBIY 5 ANOVALIZ K 20 B T o7z, XA 7, BE
S 27 S L~ 3ER DB T OFERIK, HEEEZERITN LT x 4
TIF(3,27) = 6.94, p < 0.01], HEEZ > 7 [F(3,27) = 83.54, p < 0.01], #EL
OV [F(1,9) = 1744.75, p < 0.01] DEFIRIERD N0 T, HRHXA T M
FHL VOB BAEFADRRD 2 [F(3,27) = 4.50, p < 0.05], 5HaX A 7
CHEE S V7 DMK AR bz o7z [F(9,81) = 0.44, p = 0.91],
BRI R A T HE L ANV DR AEAFRICH LT MIRE DRGSR, MEFE L1 75 dB
DTFTT7 4 NEEZATOEMIMREIRD 5T [F(3,54) = 11.14, p < 0.01], #E
FHL L T5 dB TOFERIZOWT, Holm-Bonferroni 112 & 3 Z 5 HHEHHIE 217 -
oo BEEDNRONTERALZA TOMEEE, M4.4 &K 4.512¥E (p < 0.01)
TRY, IMTF 2B % HFEIEEHRII No emphasis Db D LD b HEENA LN
o lz. 72, RI-FOE, IMTF+RT-FOE /3 No emphasis ¥ IMTF D& D X b
LARWCIEBERSE NI b b o,
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CFamiliarity 1
mFamiliarity 2
mFamiliarity 3
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Word recognition rate
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No emphasis

IMTF

(a) 55-dB noise level

RT-FOE IMTF+RT-FOE

4.4: ZEIMEERIE L MEE L~V 55 dB BREE T A BRI LR IR AR
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Word recognition rate
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(b) 75-dB noise level

cFamiliarity 1
mFamiliarity 2
mFamiliarity 3
mFamiliarity 4

No emphasis

&

IMTF

RT-FOE

IMTF+RT-FOE

4.5: ZFMAZRIEL L MEE L ~UL 75 dB BREE T R R IR AR

46




% 4.3 ZPISERS  MEEEER

B | HELOL | BIEEL | BEE2 | BEE3 | BEE4

No emphasis 55 dB 0.725 0.755 0.905 0.94

75 dB 0.075 0.05 0.145 0.24

IMTF 55 dB 0.765 0.76 0.935 0.91

75 dB 0.05 0.025 0.125 0.235

RT-FOE 55 dB 0.82 0.795 0.895 0.91

75 dB 0.095 0.1135 0.315 0.43

IMTF+RT-FOE 55 dB 0.83 0.815 0.915 0.92
75 dB 0.07 0.105 0.275 0.42
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K 4.4 ZRCERR A EENERR

source || df F p

AHEF L~V || 1| 1744.750 | 0.0000
error[AS] | 9

B:#ZEREZ 7 | 3| 83.544 | 0.0000
error[BS] || 27

C:58Ff XA 7| 3 6.936 | 0.0013
error[CS] || 27

AB| 3 4.391 | 0.0122
error[ABS] || 27

AC || 3 4.500 | 0.0110
error[ACS] || 24

BC| 9 0.444 | 0.9067
error[BCS] || 81
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E5E RaFHE

AR TRRE L 2 TROMAEDEHEDMT, SEITREF O I L
TUEMRDER D RWTEEZRET 2720, REFHIZ1T o 7.

5.1 =D0HEZEDHEEHE

FRM [11]1C X 218 R L - @il » AEco &, ZimZlEscEitsr
HAEGHLENE, SEEARRTOLELD B ILICEFR TMEPWETES 2
YA EINS, 20D, BH11ICBWTKENROE ) - 7=, HIFEITRD
DISERE 2 HIE T 2 —XEEiRTE (RT-FOE) ¥ ABIZ%TOFH58iH, ZimE
BB EREE, UTOFIETHAS DY 2, ZiiEEE, &M, —RE
A L DA EHE T EOEZX 3.3 1R, X3.3DA~C I FEHRFAXBD
E, DI MTF OffifEsiALE, ESEEEFANE, FIZrEmiATd 5,

1. HFEES () ZAVT31HO A~CIZ & D 5EiE 3 2 R X EZ2 PE LTz,
2. BREE x(t) 12 3.2.3 fi MTF OFIEMRRZIELES f.(t) 21872

3. HAEES f.(t) 12 RT-FOE OREBEHAZ LIS h,(t) 215720

4. FHEES h(t) ZBF1ES f.(t) DRMS 22— T 2 L 51T L 7.

5. BRAEE hy () IZBWT, 1. THRE LR REXREICR LT D O & iRaR L
2 LAGS s,.(t) 21572,

FEIOFIEHE, CE, IMTF & RT-FOEDAA 71U v K (IMTF+RT-FOE+CE)
W& D ERESZHANIEGH L7z,
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Input

speech
signal
v
/A:Consonant identification
]

B: Formant transition adition

C: Taper setting

D:IMTF Emphasis

Filtering for IMTF
Amp

E:RT-FOE Emphasis

Filtering for FOE
Amp

F: Consonant Emphasis

5.1: ZODUEEDHAE HOE DIFE

50




52 BET—H

ﬁ%ﬁ%%a?%ﬁi%% Fr—%ty s (FW07) [43] &b, EBICHWS
BHRT — X 23E L7z, FWOT IZEFEBIERE O 7 BRFEFEEZ b 2124 D DRE
AN/ (1 low (1.0~ 2.5), 2: lower-middle (2.5 ~ 4.0) , 3: higher-middle
(4.0 ~ 5.5), 4: high (5.5 ~7.0)) XIS NZ4E—THEI OSBRI NS,
BN ESVHEIHEARORIME S HENEWHETH 2, HFT—XDY
) ¥ U TRENE 48 kHz, B F{bE vy MEUX 16 bits TH - 7z,

5.3 REREH

AR U 7= 3FE O A S b s (RT-FOE+CE, IMTF+RT-FOE, IMTF+RT-
FOE+CE) %L =& mRIE e, miAl#E 72 L (No emphasis) & I % 7E
WLtz TS AFEOEHERIICIE, 4.1 8 TRRZ4AFBEOBREES > 7 D1
FEDREEND KD L, MEREZERT 270, 2BEOME L ~ L (55 dB,
75dB) OV IMEE AW, SO ATNE 32 (EAX A 74 x BIEE
4527 x HEZL~L 2R Thote,

5.4 REESMNE

FRIZIE, EHBENZH T % 20 RO DAFEEERE 10 4 (BiEs #, LiEs
%) BEML 7z,

5.0 HEREE

FEIK 4111 T & 5 IS L~V 15.2 dB O EE TITo 72, A FIEHD
BRI EEN 7 VAT a—% KRRt T 2aT 98>, KEB01) &7 27
(audio-technica AT-HA5000) ZHWz, HEZYRAZF 2y 7 [44] DR
W23 A —# (ECLIPSE, TD50SMK3) & %7 —7 > 7 (Yamaha P4050) % H
Wzo AE=HIEIBIMED 70 cm B ITEHRE Lz, E5 - HEEFIH O RHIEZ PC
(LG Sharkoon, Windows 8) FDY 7 +v =7 (MATLAB 2014a) B3X U A/D 2
> N—2& (Fireface UCX) ZFHL TITo 72, SMEDIEMEIC, KICEUSD 7=
DRIV —reF—KR—F2RBLL, GREROBOEEN 7 VAT 2 —%A
DOHIMEEEEIMETIIF0.368 VTHD, ZOLEDIY FRR LML 255K
ERHCT DFHFE L U 60 dB TH - 7=,

o1



5.6 EERFHET

EERSINEF 2L, [RBICKAE Y 7HMERTRR LD O BEE TN, A0 5 EHH
FIHEIRRT %5, EBRSINEF ISR 2 HEE X — KR — R TH R D FANT
2 ERDIz, RN 1D D 20 HiGE, 5F325F 640 HiGEY L7z, B Fh
ZHENHWCERZ2HEV A M2 4ty NAEL, 2SIEDFR—OHEELIE
2 Zltltrz, HIHFEICOWT, 4F—FIXRTIER L TICFDHEE
PIEEL Ll MESL N, BIBES 2, Wiz A4 FToOEE BHL47) Jt
DOHFEFEREZEM L, HEGEHEIC AWz,

5.7 RERER

X 5.2 X531 FFNEHEZ L5 dB, 75 dB DE&FE FTOHEEEERD
FRZRT, T7—N"—FEHERELRT, K52 b M5.312, HEE 7EHERT
BoNEfARA 7 - BEES 7 2 OBGEIEERERT, HlIsEEx 4 7
WX LU CTHBEE S >~ 7 %R L, #itHTd % Word recognition rate | I HFEIEE R
ZRLTW5,

B oN-HEEIEERIZBIT S ANOVALIZ X 29 21T o7z, BWHAZ A 7, B
BT 27 LB L~V 3 BRDEGHT OFERIE, HFEEERICH L CGERFAXA 7
[F(3,27) = 9.46, p < 0.01], BEEF > 7 [F(3,27) = 77.02, p < 0.01], HEHFL X
VIF(1,9) =702.95, p < 0.01] DERRIFED T, T, WKL TS
VDN BEAERDZRD SN0 [F(3,27) = 4.38, p < 0.05], XA T B
BES V7 OMICERAEERIEERD Sk o7z [F(9,81) = 0.37, p = 0.95], 58
XA T B LNV ORFAERIIH LT TMMEDHRE, MELNL75dBOT
TT7 4 NREA TOREMERNEIED b7z [F(3,54) = 13.37, p < 0.01], HEFL
AL 75 dB TOREERIZDOWT, Holm-Bonferroni £ & 2 Z 8 HEBHRIE 21T - 72,
AEENAONIRFAZ A TOMEEZ, K52 &KX 5312 (p <0.05), **HI
(p < 0.01) T/RY, IMTF+RT-FOE, RT-FOE+CE ¥ =D HIEDHAEHET
% IMTF+RT-FOE+CE 12381} % HEEIEZE 313 No emphasis Db D L D HHEIZ
EholzZ e hbho T,
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1 L

i + N

I ke
O <

S
o < <O € O{OXQ@

o Qx‘& o 8

® o < <
o

5.2: FREFHE @ MER L~V 55 B BRI LRI BLEE IR R

33




0.8

0.4

Word recognition rate

0.2

Familiarity 1
mFamiliarity 2
mFamiliarity 3

o4

(b) 75'dB noise level mFamiliarity 4
I* I
|
" < -
e <O ]
S QXYLQ

X 5.3: ¥aEEHM : HEF L AL 75 dB BBES N EIBS I R [FA R




,;L":é 51 ru/ﬁé\

S - BERE 2

BREGEML | HELOL | BIEEL | BEE2 | BEE3 | BEEA4

No emphasis 55 dB 0.725 0.755 0.905 0.94

75 dB 0.075 0.05 0.145 0.24

IMTF+RT-FOE 55 dB 0.83 0.815 0.915 0.92

75 dB 0.07 0.105 0.275 0.42

RT-FOE+CE 55 dB 0.86 0.835 0.905 0.955

75 dB 0.18 0.175 0.34 0.45

IMTF+RT-FOE+CE 55 dB 0.815 0.805 0.905 0.94
75 dB 0.18 0.18 0.315 0.48

95




* 5.2: FARHI : AEEBEHER

source || df F p
AHEZLA~UL || 1702946 | 0.0000
error[AS] || 9
B:#ZEES 7 || 3] 77.028 | 0.0000
error[BS] || 27
C:#fx 47| 3| 9458 | 0.0002
error[CS] || 27

AB || 3 6.249 0.0023
error[ABS] || 27

AC | 3 4.380 0.0123
error[ACS] || 27

BC| 9 0.365 | 0.0.9482
error[BCS] || 81
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FOE AFEE

6.1 FEEFEDHENR

FHERFAFMOAERD S, EEEERE TICBWT, CE & No emphasis DT
HEBEFERICEREEND 122 bhotz, DI s, CEIRXEEREH
DTRELZUETLILICEMNTHS L E RS, 5 kHz U EOEBHBAETED
TREICEETH D, BFEEREECBVWTEBRRIBNBELTLES 22
FREOTE TREICHERZ52 %, CEICXDEBICHS ZEF T 2 75 21BN
WA L2 e CHERER O TREIRE L EZ NS,

HRRIEZERICN LT, WiE A T ME LNV O HEADEED 6T Z & h
5, CE ¥ RT-FOE4+CE 3 ERERE T TOA TRENEICENTHE VR 5,
F 7o, HEEEEFRIIN LU THEAXA T BEE S > 7 DR HEERIZERD S ko
7zZed 5, CE & RT-FOE4+CE 3HFERZEE KO TAMTH 2 EZHN S,

CE & RT-FOE OIC, HRBEBFRICEEENR OGN ol 2D h b,
CE\3BEHICBIT % RT-FOE t RAREOHEEERICEL Y WA %, £/, RI-
FOE+CE T, CE B XU RT-FOE O BTN 2 i U 7285512, HEE
EERENERICHEMULI-Z 2B N/, ZOZehs, FEBIEIIBWT
¥ CE & RT-FOE O N4 71 v MZ X 258FANIED, SEEEERE P ToFEIPR
BHED T RESEICRDEMNTHoTE VR S,

o7



6.2 EHRIGERHNEEZDNENR

ZAMrERBCE RO R D &, EEEERE N8BV T, IMTF & No empha-
sis DHFEIEER DM TIIHBIEERICEREN RV B o7z, IMTF+RT-
FOE TlZ RT-FOE O B s@EFANEE 2 i U 7235812, HEEIEERIEGEICHE
MlZholz, ZOZ N5, AFETIRE L IMTF 3B EIREH O T EE
DUEEBICHEMNTH D L F R0,

HEEFERICH L THEFAZ A TS L NLOKZHERDERD sz, B
HIRE T C RI-FOE & IMTF+RT-FOE B HEIERER D T RENEICENTDH
% Z ¥ %R L7, RT-FOE TiZ No emphasis B & X IMTF D B 58 0L %
fiL7=Ga IR, BEEPA SN, IMTF+RT-FOE TlX No emphasis 8 &
O IMTF O BRI % fE U 7258 1R, BEEIEERIERICHEM L 72,
IMTF+RT-FOE & RT-FOE OfICIX, HEBEBRNEREEN BRI 2T, 2D L
O EREEERE T T, R TIRE L - EHREEBAREEICB VYT, IMTF &
RT-FOE DA 7'V v M X 2 5FAMERE, B X > TIRE XNz RT-FOE IZ
FZBERRERD TREEZILICWETICEESLRPoEZIOND,

AFFICBWTIMTE 7 4 VA THEM T REICRETE R o RERZEHET 72
», IMTF 7 4 VR ZEFE I 72 DONAZ 7908 LTz, X 6.1 25 EAHRE D4
RTH2, KAMEMI-2DE ZAZH 2720, IMTF 7 4 LR EPITESLEGE
SOMICAEZED D 2 Z e bbb ol MMEPTNLZ EEH TREICHEY
5z 3HAADDBEZ NS, IMTF CAHHT 3 25RO HICHER
B 2220525729 [40], IMTF 7 4 VR EDPIFIT-BEREEE DY — &R L
BREDNRY =R E LRz, TEICN L CEEL R0 FEBRALIZERD
PR — IR T IR, M 6.2 ICEEEE SO Y — iR R,
HFE N, RETERTIMIF CUHE L -FEESEOTEREZIKT T2 2 20
b, ZTOZLICEP2BEEREHFEOTFEYHZIC(A RS, BERREFDT
fREZRETERVWRRNDO—DFEEZIOLND, X 5HIT— DR EENRJFERIZSE
D IMTF 7 4 VR TI3EAK 1.4 dB ZIET X 52, BEIERER D T RE 2 0E
TEBHBELARLIDENEEZEZOND, T/, SHOMTF 208 Lzt 22,
N L7 B R ESOHIIXEWVER X2 H 5, 660 HEHRZHWTEEER A
BEROMIF 2K 2720, KEELZ—HT2L51C Lk, 20k, HEEM
EEDOHEAXMEZ —ICEDTON Lz ZOZ DS EO MIF Z20MT5 28
B 52 50[EERH B EZ OGNS, ZOREFERT 52T, IMTF %
W7 TIREOUENENHETL 2[R H 2 EZ TV 3,

o8



cross—correlation function
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25 ‘ Power Envel?pe

T
No emphasis

—— IMTF
—CE

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
Time(s)

6.2: IMITF 7 1 L 2 ILBRR.0D < 7 — 4l & F-E3A1 0 < 7 — (AR
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6.3 =DDHEDHEEHICKBHEHR

BETHE DR S, BEERE N IcBWT, IMTF4+RT-FOE, RT-FOE+CE,
IMTF+RT-FOE+CE & No emphasis O] TIZHFBEEBRICHEENH S Z
IRENTz. RBEL R 3EEMAASDEAIEE, BEIRRER D THEICN L TH®
EBRRND B LEBD LN,

HZEFERICH L THRAZA TS LNV HAERADRD SR b,
RELZ 3HEHAGDEAEEIERERE T TOA THRENZ AN THS &
W25, ¥z, HEBEERIIN L TEFAX A T HEE S > 7 ORXEERIERE
LR oZ s, BELL IHEEHAGDEHEIHEREE KOS TE
MThreEZLND,
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