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Abstract

The recognition of bone conduction hearing is old and was known at least in
antiquity. In the 1st century, Pliny the Elder, a Roman scientist, remarked on
the potential of sound conduction through solid bodies. This property enables
the hearing impaired to hear through the bone medium. The first bone-anchored
hearing device (BAHA) became widely commercially available in the 1980s. The
BAHA system uses an Osseo integrated titanium implant to propagate sound di-
rectly to the inner ear through the skull, bypassing the impedance of the skin and
subcutaneous tissues. BAHA is better than conventional bone-conduction hear-
ing aids resulting in better sound quality. Bone conduction devices are used not
only in medicine but also in military and industrial applications. In this case,
wearing earplugs, can effectively reduce noise damage to the outer ear and can be
used for hearing protection in the military in noisy environments. Bone conduc-
tion communication can work well both in high-noise and low-noise environments.
These levels are promising for the broad implementation of bone conduction com-
munication in industrial and military applications. And also, It is expected to
maintain clear communication even in high-noise environments and improve work
efficiency. It is thought that bone-conducted devices can be useful for safe and
secure communication. Such as the conditions of medical, firefighting, police, and
other emergencies that need to safely hear the background sound and important
instructions at the same time.

It has been identified that five factors contribute to bone conduction hearing:
1) sound radiated into the external ear canal, 2) middle ear ossicle inertia, 3)
inertia of the cochlear fluids, 4) compression of the cochlear walls, and 5) pressure
transmission from the cerebrospinal fluid. However, different from air conduction,
and bone conduction has different transmission characteristics from air conduction
because the part of the sound will be absorbed by body tissues.

Therefore, using a bone conduction device has a drawback. The sound quality
and clarity of speech are lower when using a bone-conduction device, compared
to an air-conduction one. The commonly held explanation for this phenomenon
is that, under high noise conditions, the bone-conducted sound is considered
to be masked by the noise heard in the air-conducted sound. Also, the bone-
conducted speech’s high-frequency component is attenuated due to the nature of
bone-conducted transmission.

It is believed that the attenuation of high-frequency sound in bone conduction
negatively impacts the intelligibility of speech transmitted through bone conduc-
tion. Toya addressed this issue by proposing a method to enhance high-frequency
sound to improve the intelligibility of speech transmitted through bone conduc-
tion in noisy environments (RT-FOE). On the other hand, Zhu investigated the



results of the experiment by Toya and found that the error rate of consonants is
5 times that of vowels. Zhu focused on the time domain instead of the method
proposed by Toya, which focused only on the frequency domain. Because the
low power of consonants compared to vowels suggests that consonants are eas-
ily masked in noisy environments, and also easily affected by the bone conduc-
tion high-frequency attenuated characteristic. Bone conduction transmits sound
through vibrations in the skin and skull, which are also transferred to the outer
and middle ears. Also, the sound is transmitted from the outer ear to the middle
ear by vibrations, similar to air-conducted sound. Because consonant enhance-
ment is effective in air-conducted sounds, it is thought to be effective in the bone
conduction pathway as well. In addition, an important component of the percep-
tion of consonants is the formant transition from consonant to vowel. Therefore,
Zhu proposed a method to improve the intelligibility of bone-conducted speech
by emphasizing the maintenance time of consonants and the formant transitions
(CE). Although the performance is at its best when both methods are used simul-
taneously, the improvement in speech intelligibility is affected by the accuracy of
consonant detection.

Through the investigation of the consonant detection results by the CE, it is
found that the accuracy in consonant detection is very low. This performance of
consonant detection greatly reduces the effect of consonant emphasis. By labeling
the consonant segment of the database, it is found that the CE is so poor for
the detection of voiced consonant segments. This study aims to further improve
the accuracy of accuracy in consonant detection, by considering the characteris-
tics of unvoiced and voiced consonants. Concretely, consonants are divided into
voiced consonants and unvoiced consonants according to their vocalization pat-
terns. Based on the characteristics of voiced consonants and unvoiced consonants,
it is designed to identify voiced consonants and unvoiced consonants through power
ratio. Then, the consonant detection is judged through integrated processing. Fi-
nally, also consider that the detected consonants are the perception of consonants,
which is the formant transition from consonant to vowel. The formant transitions,
which are important for the perception of consonants, should be emphasized to-
gether. An improved method based on CE is proposed. (CE-IMP). The difference
between CE-IMP and CE in terms of consonant emphasis is that CE does not
perform taper processing on the parts before the emphasis segment, while CE-
IMP performs taper processing on the parts before and after the emphasis for the
naturalness of speech.

This study is based on the characteristics of the power ratio to judge the un-
voiced consonants and voiced consonants. Unvoiced consonants have more power
at high frequencies. Based on this feature, for unvoiced consonants, use the power



ratio of high-frequency power and overall power, and then compare the ratio with
the threshold to judge unvoiced consonants. Voiced consonants have more power
at low frequencies. Based on this feature, for voiced consonants, use the power
ratio of low-frequency power and overall power, and then compare the ratio with
the threshold to judge unvoiced consonants. For the thresholds related to un-
voiced consonant detection and the boundary frequency of high-frequency, the
best parameters are determined by the ROC curve of unvoiced consonant detec-
tion in the labeled database of unvoiced consonants and non-consonants. And
also, For the thresholds related to voiced consonant detection and the boundary
frequency of low-frequency, the best parameters are determined by the ROC curve
of unvoiced consonant detection in the labeled database of voiced consonants and
non-consonants.

To confirm the improvement effect of the proposed method on bone-conducted
speech intelligibility, speech intelligibility tests were conducted in a noisy environ-
ment (55 dB, 75 dB). There are three test conditions, the first-order high-frequency
emphasis compensates for the transfer characteristic of region temporalis vibration
(RT-FOE), which was proposed by Fujita. consonant emphasis (CE) proposed by
Zhu, and CE-IMP. According to the results of tests, in a noisy environment, CE-
IMP has a significant difference in word correctness compared with other methods.
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1.1 HEEE

BREEEIIHR OO Tn e EZ5NTED, ZORikEtWEE I
e TES. 1Hdic, v —<oFEH Pliny the Elder 1%, %N L 7SR
EBOWREEERRR TV [1]. ZOWEICED, BE2EMCBEREGENIEL v
HITE 5. 1980 FRUCHDAATFEMESR (BAHA) 237z [2]. BAHA
TIEEERE MO v E—X 2 2E5E L, HEEGZHEL THNHICEELZE.
CRHESELWETDH 2. EEABEGICIRIZ 52 5720, KEO b 5 iRE) %2 (55
TEZMREHUNTROWEHOE R 22 TE 3 [3). BERRT A R, E
BT, BB, THEMABRTHRVICTEHINATWS 4. B2ELTEZKR
252t T, BREZEMITHEANDRESHEZNRINCEIRTE 5720, MEER
BRI CHEHBRCIIERAECHHAT 2 N TE 3 5. BE@EEE, &/ 4 X8
BRTHIK A XBRETH S FEET % [6]. 2o DlEL UL, BiEEE
EIHSBLIUCEFHBICEBACEATZ2DICHLETH S (7). /2, NADERE
WA, L, BEIFRMET 20 IBID (8. X512, BEFRTIAA
2T, BIE, Hb, BRLREORE - ZexPT 570, BHrEINTICHEMR
BOFICH 2 ERGE L BEERIERICH 2 BEE % R T = 2 F 5505 [9).

Lo L, BEIERT AN R TEHE 2T 2B2E, SOEREIRG & R TEHE
REF TREMER T2 ZePHONTWS. FICEREERE MBI 2 88E
FOBEALREEER O THREK IAEHI TV [10). 21 s DRKIEE
BERIE T, SEECTHN LS EERRE LRI T 2D EZL
N3, ¥/, BEEHETREKEEH L HAREBRIPBET 2 Z e M fEfEhT
BY (11, BEREOEEBEREDPERDO TREISHE L2525 EZAbN5.

MEBRE P COEFEIICEEIERT N AZI0HT 5121, BEER O TfF
FEOKRZEN S ZDDMRPBLETH 2. BAD [12) 1 EFELED SHIRERTE
DEREREEZ, BELEREZME T 2 SEeRRLEIc XD, FEEREH
DTIRERNET 2 HEERRE L. /2, KO 13| ZFEHBTOREDORZ L
RTSWHEBEL, FEERMCID, BEREREHOEH THEL2RET 5 MRE
ZREL. WThOHIE, »20VWEHEZHAGDERLGEICED, MERE
TCTHERTRERDO TREZRAKTHINHETEZ DL, LrL, &
FTRENIONEE TR THRETHI T2, BEERE FTOEERR
BAEDTREIZZNIEE > TR,



1.2 ®HZEEM

AHFEDHINIAS [13]) DR N T 2 FEXEMRHEEELZNEL, SREERE R
TOFERREHEO TREZRIBICHET S22 TH 5.

KO EZFETIE, FEBEERNCERTZ 22T, BERREFRD T #E
% HEUEE LD, TESROBMMMERENRWD, THREOUERRI T
BRXESTOWRDro. 2D, RMFETIE, FEIEE TS AR FEICT
T, ZNETNOBEERBICE SR, FEHOMMIERELZ KIgICET % Z & T,
RO EPIBELFETHERTIEFO TMELZIHICHET 5.



1.3 EwWXAERK

AL, TETHERINS. K11 ICKRH DO ZERT.

F18E

HEFERT AN ADER, HEK, T, EEAOFRIZOWTHR, FEHR
TNAZATIR LB FE ORER E AMZEO BRI ZH 52015 5.

F2E

BUEH OB HNT 5. B TR RS L ST OV Tl
5. BERRF A R THR LR TIREN K > T 2 MERE RN 5.
E3E

RO LB FEHEFERCEERERD T REORENREHHAL, R
X 5 TEHMRDHEEIZONTIBNS.

F4F

KOICK D FEBRIMEDOREIZN LT, NEEDO IR 75 XEBH DS
RBlizoWTiirR 3%,

E5E
FEXEREEZFHE L. WREICK 2 BERE A O T8 2 Hili$ 5.

B6E
TEXRRR L L IR X 5 BRSO T RIZOUENREEET 5.

EBTE
B LT, AWIETHLNE R o722 bR IN-FHEICOWTIRR S,
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F28 FEHERAZE

2.1 BEFTEOFENSFE

b FOBERICIZ 2 OB LT, [RESFHHE L FESHETH L. KE
BFOHETIE, AE -HEH -WEENLTHRINS. ZROEHE LTHA»S
HICERELFEE, AEEZER L CEEZ IR S 5. sfEoEmiRENL, H
INEEWSEBIZORNoT=0oDF (VFE, ¥FXXF, 773IF) THIEX
Nz, zotk, NEOWFTHEBIREINESESICEHINS. KRk, BEXUE
EOREMREN L THKCEAON, B LTHEINS. —F, FEEOMHET
X, BOEHRT, WE, KECHWEEM, AR 2 mb o T, EEBOREK T #
U CTHEALINCNE DI EE L TRIT XN 3 [16].

HEEHEICBWT, EFEREERED 5 OB X > THllXATW\W3. 1)
AMNEGENESS , 2) HEOBE/INVEEEIRE) (IBMEEE) , 3) WEOV Y 9RENH
RE), 4) WAEREDEM - HE (EMEEE), 5) WEBR» S OESDEETH S
[17]. 5 DDEKNTHBIT 2 BEILEDORERZX 2.1 1TRT. BE2NLTREINDS
720, BEEOEERMEGETOE L IXB R 5. B, AT ofRE) % IRIX
T 5728, EEETICNT2RENIRKEVE WS RELD B [18].

IS 19 3 B8~ A4 7 e h VI L2850 BEEORBEBRE L R8T L D
e LT, 1 kHz YU LD RIS THEEEOH DK 20 ABIK T 2 Z & Z27R
L7z, ZOET, FEEFROEBARENTBTICHRETETWiRWeD,
B FEDOIEEREMMEL LS 20 BEIRT AL AR L-ERAEICET 3
WA D, MERE T, BEEFEIRXESIDIEFRDO THENMEVZ %
RLU7=[21].

HEDREREZHE LML L TRES DO H 5 [11]. K228 5
WEoT, AL IZEINEBEDEREZ RS, X 2.2 OMENIERE (Hz) ,
TEEIIRIE (AB) 23R L TW3. RT re AC 2MABESRIREI O AZEE L1255 D
JEBEGRET, EC re AC DMABEEIRENCIIZ T, HEENBSOFEL EDTE
B L5 EDOREERETH 2. 2206 BEZOMEER L LT, BElo o
BE (FoA) PRI Tns.
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2.2 BETEOTHENREICEATIME

Fujimoto & Mori[22] 1%, BEIERT AL R 2 HWT, MERE N TOEHE T
Beloric Lz, Z0ME, BRE2EE L RKETEBERE T T FEER
BEOTRRENES N L E/R L. Wang & [21] 1327 2 5EIRRGHT ¢ HOH
FEDOFM T, BERRERO TMEZHE L. ZOMR, SRS
BAEfi . (Condyle) TH 23456, OBEBNIIFRELZFHETEZ2 LI L. ¥
7o, HOMAZEEDOEWIY, BERERD TENFAET 2 2R,

KEERTTRL, BEORE ZRIFICHENTE 2 2 WS BEFERT NS 2D
MR ZEPT DIz, RIFKETE, SEEZHMLIRET, HERE NCBT
LEMH TREZHETE 2 BT 5.

ARG (12)1F, BEREOEERERMEICEE L, 2EEOBRHLE (—X5E
R, EREEEHR) b 2 MEOFEERE (WEEEIRE), SAEENBGE)
FREYE, AR 4EEOSEERFINEIC X 2 FESORER O T RERE LT IRE
L7z, ZOREER, —REEeRE & MISEERIRE2 515 5 W e B ELERE 2 HE 1
FHEICED, BERREFO TREZROMEINCHETE S Z e mh o,
—77TC, —REEEERFRLEIL, BERE S QR MES SR D —BRICHE
LTW52, FHIFHAEIDRBELZEZ LT WEAZND D, MMEREIEVI L
HEF Sz [13).

Ko 1BIFBEURED BEEERM O EHL XVOBEHIC BT EZ, &
FOREMEICHEEHL, BROFEXBEOMH - WAL X 2 58 REH
DTREZRET 2 FEERE L. B TMERBR2EM T2 T, FEH
FEB XU EEERFAEIC L 2 BRSO TERSEMR LM L. £ oh
R, FEEMICEDBERTERD THE L RINCUETEZ 2 T e ARSI
7o. o, THEMBALEEERFADOANA TV v MK BHIETIE, BERREHOD
TIRERENRI RS mVZ T o T,

2.3 MER

K5 [13] L BB S [12) 12 X 2B LR RS ORERICH LT, Wik
DYEHIE, HBVIEMGEHEELWERCED, FREELL 75 dBOE Y
JMERE TN (MR, SEEERE NS THEIUREH O T REE R TH
B0NWETE LD, HERETOREIDRER O TE L RS &+ b
TETWVARWL.

RHT, KRS [13] O FHBEHE (MR, IERECIER) T, FERALIEI
L2 Ieho, THEOMMKENER TMHEORELAGLTLES. MERE
T3, —HOHFEEEROUENRNASNR WD, B TR Z KIEICUE
MTETVARY. ZhbIETHEXBEOBRMRH - REHAERTH e EZ 5N 5.
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3.1 FERAE

B S 20 ZKEETF e BESTHEOMIC, FEDOEFRIIOVWTHNL. R
No, TEOEERPBFEFHFEOGSIKRT 2 2HL2ICLE. ROIET
BB ELERTEOELZINE LD OHEMD O k2 E X, BAS [12]
DEBFERDOEHRER LW Uiz, DO R» S, YOMERE NCh, F&
RS X DIRERE L, EEEIE LR T WEHAN R SN R, 75 dBiERE
FELVAVERE MIZEWT, FEOMRBRIEE LD D5 HEEV I EERI .

EHHAIC T 22 K DIATHIFETIE, KIEEFEZNRE T 2D DHDH 5753 (23][24]
D, BECTEHRZET 5 %, KEEEZTOIRIMNE L HHIZHIED 5 [16].
NE»SHFBIMAET 2 EREE REEOR NI TVWE I 2Ex 2L, FH
BAFANGEET RO TREOWECENTH 2o, RoBFFEHRHAIEEG
FIZBWTHEMNTHZEZLRTWS.

M3.112, RODOFEMME (13| DTy 7 XA 775 0%R3. TITIE, A
HOERESIHL, THERBERIECE D TEXBEPSEE SN S. Kent[14] 13
HED HREANOBEBR L 50 ms MNIZTE T T2 M L7z, %7, Furui[ls]
X7 A= MBS ORMREITFEOR TRAD»HMN 10 ms THD Z L &ts
L7, oA SE, ERIETETEOHIRICEE R 7 # 1< M E
BizEZEBL, FEXME ZOEHZD 20 ms ZEFANBXE L 55, X2, &5
W DERERER 77 & IEERFER 0 D O 2 RIRIEEAL D D B 72D, 7 L~ NER
BB DA 5 10 ms XX LT, gAML DR TAREBEIAE LRV K D1
TN E Y. BRI, FEOBBRED & 7 — S — U D #& E T O
MXEZmFAXE e U, SmFAXEOIRIEY +12 dB i3 5.
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3.2 FHHHAILLZBERTEEDOTHRE

Ko [13)1F, HEETHERAREZITS 22 T, THEBRMALZMELZIBOFEERD
TIREESGESN R 2 R Uz, FEMEAER T, BRI HEEE T MR AR S A T —
Xty bt (FW07) [25] 2FIH L7z, FWO071%, HEBZEED 7 BREFEEME D &
WABEORZEES 2 (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)) X 6Tz, 4F— FHFEMS
MRXhs., BEFT—20% 27V U REERIE48 kHz TH Y, BEBFLE Yy MK
1% 16bits TH - 7=.

FERTIX, HIEDSEM (DUE, XA 7 ER) ¥ LT, 4FEHO & HE K
(No emphasis, RT-FOE, CE, CE+RT-FOE) ##|HL, 2fEEOIFRFTLL N
L (55 dB, 75 dB, D, MEFLNALELIER) OV Y SR AW S
DEFHE 32 GEFAX A TAREXBEE A5 > 7 XHEHFL L2 H) ThoT-.
FWO07T D5 B EHE T — X 640 %2 #E L THH L (B 20HERT—X) .
EEEENEHT 2 20 ROHARGEREESEE 108 (Bief, &tE4%) LT,
Yy I MEOKUER R FIRFICE A e B8R R L, HEEIEEREZRD 7.

3.2 Y M 33 ICPERIEIC X AHEZT L ~UL 55 dB & 75 dB O HEEFERIER 2R
T RS, HMELULT5 dB TORMRITHBWT, 1ERIE [13] 12 & 2 F & 58
% (CE) 27 L (No emphasis) OF A & ORI TIXHFEEERICEEEN D
5200, FEHHEMIEHE MESCEEICAEMNTH S Z e PRI N,

11
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cFamiliarity 1
mFamiliarity 2
mFamiliarity 3
(b) 75-dB noise level mFamiliarity 4
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3.3 FERIFEDMEE

PERED T EX BB BT, £, BEOREENR D L KL T FEDE
BB DB ECH BICER L TWB Z 2 ICEH L, RRIES D REIRECTIE
BTN B S BB IR 7 DT — e E TR DI, BELEEFH LT
X MR LSRG X A7z [13]. X3.412, fERIE [13] 12 & % 135 X R L
DIV IRAT T T L%ERT.

KoDFHEXMEMNEDHZ 2M#E%Z, BHZH T CTHATS. £3, K351
BR{E5 /mihiraki/ DXV — X7 a7 T A%RT. MHEOROBHMISERX
MIDIEMZRL, 5 kHz DLEOHEHENT SRS F 5 XM H D 7= & O JE I Bea 380x 7~
T K36 ICERICEENTVETFHEDNNY —ARY MLERT. KHDOED R
BT EXERH O 0BEFERE (5 kHz) 2RT. £3, SAESOHEKRS
DY =LY RB—=THRRDLN, K3.7(a) IRT LIV (HNFo¥ Y
7 DFERR) BELNDL. KT, O —HPEE (RPoR0FER) 2Ex 3
DEIDPTFERMEIRDHNS. &EIZ, K3.7D0)ITRT LI, FHEXMEAD
BwBonsd (MHPoROFERR .

CORRD S, ZLDFE (FH/h/ (K3.6(a) FE/k/ (K3.6(b)) &/
BRI B, TDX D BRTEICH LT, TERIED T3 XM R
KT EXEEZHRELTWS Z e ERIN. ZO—HT, T8 DB D 8
R L TR 12, BB YD 2 L 5%) 75 /m/ (K3.6(c)
TIE—HoAFEXEZHRE L TED, F5H/r/ (K3.6(d) TEEo7LFEKX
MERE L TORW by o 7.

FHLER T — 20T EXERHOFMEFEREK 3.8 1T, 1EREICK S F
HXHE DY > FVE 2508068 TH D, RN 2% LRV, ZORVWFHFX
HBHRNGEIRREFR D THREOREZB I TWEEXI SN,
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Input speech signal

| Power ratio calculation

Threshold evaluation

Consonant segment

3.4: ERRIC K 2 FERXHEMREUE D 70 v 7 X4 7 75 I
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3.5: BA{EE /mihiraki/ DXV —2ARZ v a7 T o (BEFEE 5 kHz)
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Consonant /h/

Power (dB)
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3.6: FHEDNRT—=ZAXRZ ML (a) F&/h/, (b)

H/r/

Power (dB)

Consonant /k/
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Frequency (Hz)
Consonant /r/

H/k/, (c)
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Frequency (Hz)

H/m/, (d)F
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Detection result

3.7: PERFEIC K 2 FHEXMEMH @ (a) XV -t EIfE, (b) EFES (H0%HE

w) L FEXHEOMERR RO
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2598068

" Consonant section (Detected)

| Consonant section (Undetected)

5602900
3.8: FERIEIZ X B FHKIDMER

19



F4E WRE

4.1 D8R

PERIE [13] ORIEE RS 2 72121k, [EfER FEXBERHEARAIRTH S, &
o OMILKFEEOEV GRMI) 13, THEORAKRNK (BETEI,EATFE) I
Ko THEENZdDIHR—E L. 2F D, HERIE[13] 1I3ER F3Z IS LT,
BWEETTEXBZRH T2 TELD, AR FERNLTIEFLAY FE
XEZHETERVE WS FHEXBREMERROREDL D 5.

FA41ITRT L, FEEREFEROENCLD, BEFEFELERFHICOMHE
XD [26). EEFHECARAFE CIEIEENREOIRECERD, BE S (X
4.1) FmEEABERN, AEFE (M4.2) 3EREPEBENCE 22 < D 23]
LTV [14][27]. TR DWEZMMATIUR, & BAEPH 2 Red 2 55 E B
P 2 BIEEEYICRD 3 Z T, HEE AR X R 5
HTX2e#10N5%. ZOEICESE, FAHEEEBRO Y -2 FIHA LT
BEXEBEEIC X 2 FERHOUREZRET 5.

COFEXHERHETIE, BEFH/AE 5N LT, SBREBGTEITN S
2 FHE D PR O T — 2 BELIE S 5 Z & T, METFE AR T E X
BitikERGET 2. 2L T, MEOMHFERZMENIE T 5 Z & T, EMICFE
XEMH 2 BT 5. RSN FEERRALE (DR, ARECIER) &, ZoF
FXMMHEEEZ FEBRFERICHARAATHRINZHDTH S, AREDOTO Y
O RAT VT LK A3ITRT.
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4.1 FEgERcHE O FERE

/v/s Jt/s JK/, s/, /b/

/by fdfs Jg/s m/, /n/,
2/, /) [il, Jw/

21



Frequency(kHz)

Unvoiced consonant /s/ Unvoiced consonant /p/

Frequency(kHz)

20 40 60 80 100 120 20 30 40
Time(ms) Time(ms)

11 EEFFORARZ buZI 4 (a)/s/, (b)/p/

22
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Frequency(kHz)

Voiced consonant /n/ Voiced consonant /d/

20

N5
e
=
%)
c
)
|
§'10
w
5
0 l’i 1 0 L -
450 460 470 480 490 410 420 430
Time(ms) Time(ms)

42: AR TFEDARZ vua2ZF 4 (a)/m/, (b)/d/
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Input speech signal

| identification

| Voiced consonant
identification

Unvoiced consonant
identification

Integrated processing

Formant transition
addition

Taper setting

Output speech signal

X 4.3: XBEO Ty 7 XL 77T A

24



4.2 FEXMEHEHOHRER

PERIE [13] OF & XM HEREAMER N & W 5 R Z fRIR T 5 7121, AT
BEXBZTTRAFATFEXHED EICMH T 2 08 H 5. 22T, BETE
X7 o MCHERFEXEOBHICFHEL - =2 D iEZEE L, 205 DR
ZOIRANAE NI ZITS 28T, MEDFEXEBRHEZRETE2E A5
ns.

WREZ L FEXEBREZED 70y 7247 75 22K 4410RF. FHXME
MR, A 7 E XS, AR 7S XERHEER, SRR OH S LEEERD
=OTHRENS. FERXBEORHIIZX, RICFIETIT 7.

1. BE AT
mE SR AR S XEOBEICEH L LoD HiERD B0, &
FERE, R TFEXEMETe G5 FEXEmEESICFRRICA T ZN 3.

2. BEETE - AF FEXHEOHE

A X RN BN, A B X ENEEEEENC R 2% < b
D [14][27] 728, AW TIEANER I LT, &R 2B B
WY -z k- T, BEFEXME MR FEXEZHEST 2. £,
RERER D 2 RGO R =itk - T, BFTFEXMEJEEH T
BEXEZHET 5.

@
.

FE A UL
EETEXE e AR FEXEOBEER? O TERBEZ WS 2729, &
NoODOMHFERZHAUB L, K TEXE JEFEXEZHET 5.

S ENIRERTE D F & X HAEREDME W &0 S FIREIC LT, WA & /A5 T
BEXEMmEZHEL, ZRZNOHERREMEGNUE T 5 22T, FEXHEBRT
EFURT 5.

25



Input speech signal

|idenﬁﬁcaﬁ0n
Voiced consonant
identification

Unvoiced consonant
identification

Integrated processing

Consonant segment

X 4.4: ARFCE 2 TFEREMBEO Ty 7 X84 775 L
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4.2.1 EFFSXE&EH

TR THIE YT — ARY FLOERB T — DM Z B ET B2
2o, HREEOEEREGER e RGO T — L Poc(n) WA 3 BIfEL
Aol ZOMRICED, METFEXE Dyc(n) 0E»E2HET 3.

Pyc(n) = 10logig f?ii((:)) (4.1)
|1, Pyc(n) = buc
DUC(n) B { 0, PUC(TL) < 9UC (42)

T IT, evel(n) I E BB TR S L3 (EE R BIEBIC BV TR 5
NI ARIRAER, ean(n) 132 BB ORI & 1 2 (55 % BERIERUC 51
TRD BNFIRIBEEGTDH D, Oy IZEH FEXEEHHT 2 75 OBIETH
2. R cvo(n) B & O ean(n) 1RARICE D RDBNS.

evc(n) = LPF{|Hilbert[HPFycz(n)]|} (4.3)
ean(n) = LPF{|Hilbert[x(n)]|} (4.4)

Z 2T, LPFixA vy b A 7REEFZ 100 Hz & U 72 EEGEE 7 1 L&, Hilbert 1
LIl NEL o(n) ZANEFREEZRT. SEREGEIEO TR (EHERED
i fuc kHz TH D, HPFyc &4y b4 7% fuc kHz & L7z & 7 4 v
RTH5.

4.2.2 BEFSXRE&EH

BHETEIZNST —ARYT M IVOBRIS 38T —DSHBNCER L T2 Z
5, EHEE DREIREEIR 2RO Y — L Pyc(n) 12343 2 BIEL
HE{To7z, ZOMRICED, BEFEXM Dyo(n) 1ELZHET 5.

vo(n)

e
PVC (n) = 1010g10 egc(n> (45)
All
1, Pyc(n) > bve
D = 4.6
vo(n) { 0, Pyo(n) < byo (46)

Z 2T, eve(n) IMEBEEBERIBEK D TR S N 2 EE 2 RHEEBICEWTKRD 5
NIARMECIAERR, ean(n) EREPECHT BT THEK SN 5 E5 2 RETEIEICE WV
TR SNRBEIRTD D, Oy TEFTFEXEZHNT 272D0BETDH
%. IRIEEIEIR eve(n) XA L D RDBNS.

evc(n) = LPF{|Hilbert[LPFvcz(n)]|} (4.7)
Z 2T, RAEEEGTIEO LR GESERED & fvc kHz TH D, LPFycldAh v b
F 7 " fyve kHz & LT BREBUER Y 4 VX TH 5.
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4.2.3 HENIE

MAENMTIE, A TS AR FEXEBRNEICL 5T RO o FEXM
ORI L, FEMZHS 2 & TFEXBNE S22 RE L (Do(n)=1:
FHERM, Do(n)=0: IEFHERM) . 22T, KT & D FHRERE Do(n) ke
b7z,

Dc<n) = DUc(TL) U Dvc<n) (48)

4.2.4 N A—=2OFRE

M7 E /B FERBREED S X —RI2OoWT, BERERNE v -1t
ODMMEZRELTZ 212X, T HEOHRERZRKLT 3.

AR, FMEHASE T —& 2 LT, 3282 R URBERE T RERBHS
Fr—&2ty bt (FW0T) [25] UDDBEEZ > 706 4E— 7HBOER T — &
% 160 fH 3" 03B A EE 640 BEE) ZAH L. FHMEHER 7 — 21213, Julius &
B IIXyT—YaryFxy FERFHALTEREOEZEXEEZ SRV V7 L. &
T, TR EARESE A 7 — X R—2] [32] 2BEZ, JuliusiTEBEHERIANY
YIREREMEBIEL, FEXMZIE L.

WA TS/ BE FEXEREEOMRENI RIS S K512, ZNSDHIED
RT X —RTHBEFTEHEE T & Ry - oiEzE, XOFIETHREL L 7.

9 EELE /AR FEXEMHE TR 25 R R v — o F1E
DOEIFHZRE L. HE T EXEREEOS R E R fuc kHz 133,3.5,---,6 kHz

DEEFTME, U —LLOBE Oye 130, —4,---, —44 dBOEFF 12 L. BF
T X RO SR fue kHz1%0.7,0.8, - -+, 1.3 kHz O&FH 7, <~V —
o B Oy & —0.02, —0.04, - - -, —0.3,—0.5,—1,---, —6 dAB D&EF 27 & L 7=.

Kz, ZhoHENT, EEOHERERK, EEOMMELZFHAL T, HWEF
FXER L NICHEFRFEXERHZITo 72, 2512, K42 RA3ITRTER
BT 5 XS ORI DOWT, BE 75 AE 5 XE oM ASEE 2
5, FP (False Positive) , FN (False Negative) , TP (True Positive) , TN (True
Negative) ZRKD7=. ZDXXIZ, TPR (True Positive Rate) ¥ FPR (False Positive
Rate) Z XA TKD7.

P

FPR= ———— 4.
R FP + TN (4.9)
TP

I, TEOERERBOZEZ vic, BMEEZZ{LXERD 5 (TPR, FPR)
EFERZ T, ROCHifR%ES. 22T, (TPR, FPR) = (1, 0) 2 HAEMN 2 fET

28



HBZehs, ZDEE ROCHIE ED Y DR dpoc DIR/NE 725 MDY “Fxid
fi# 1272 % [28]. droc EFAXREDIEHNS.

droc = \/FPR? + (1 — TPR)? (4.11)

X452 X4.612, HETE /G5 5 XKEREECHT 2 ROCHMRERT. %
72, 344 BB 1B 2B Y 87 —LLOBIE, droc BZRT.
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R 4.2: HEE 75 X o &R E

H DGR
il =) FEFE
[X [ X[
R 75 | True Positive | False Positive
it X (TP) (FP)
#R | JEFE | False Negative | True Negative
X i (FN) (TN)
£ 4.3: B 15 X o FElb R
EL DGR
BHETE &
[X [ [X ]
B FH | True Positive | False Positive
| X (TP) (FP)
fhR | JEFE | False Negative | True Negative
X[ (FN) (TN)

2% 4.4: %BFE?@&(&E&:%H Z)Bai’i@/\o 5 )< "‘&jgck U‘ dROC

IXFEﬁﬁszf }g‘”&ﬁ (kHZ) Fﬁﬁﬂﬁ (dB) dROC
RS T fuc=4 Ouc = —16 | 0.166
R 15 fve =09 |6Oyc=—0.1210.349
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04 e 3 kHz
e 3.5 kHz
0.3 r 4 kHz
e 4 5 kH 2z
0.2 { s B KHZ
e 5 5 kHz
0.1+ 6 kHz
# Best point
0 1 1 1 1
0 0.2 04 0.6 0.8

FPR

4.5 A E XN 2 ROC Hhifg
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TPR

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

= (.7 kHz

e (0.8 kHZz
0.9 kHz

e | kKHZ

w1 1 kHz

e 1.2 kHz

= 1.3 kHz

# Best point

0.2 0.4

FPR

0.6

0.8

4.6: HFEFEXEBHIINS % ROC HifR
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4.3 FEHEH

Ko (131, FEOHMBEICHN LU TEELR T v~ Y MERE T &2 — I 5
52T, BERETREADO TREOLBEAMTHE I ZHLMILE. L
oT, EREDOEZICHEDE, MX N TEXENCHRFANEZ 3. 1ERiE
R 5 1T, MBS TFEXBOBEEDICT — = UHEBEE NS, (1)~
(4) DIFEFNEHE - T, WM FEX N 5. ANHFFE O E TR O 1 % X
4. 71T

1. FEXERE :
AFFEPIRRE L - FEXEMHEEORERICE Y, TEXMEZHET 5.

2. F& DRI X H DAL

FEOHRIIN LU TEER 7 )L~ > BRI Z i3 572912, (1)
THRHEIN - TEXBEOK TRED S 20 ms ORFE X Z 8 T $ 5.

3. T — S— L
R DG CRLIRIEZLE T 3 Z & 2kt 2720, ST ORI%
X[ 10 ms iZH7z D, RIEZEFESCHLITIHEZE S L 57 cos 7 ¥ TR DR
HEPPRE AT

4. FRARALE :

B ORI 5 7 — RO E T (FEXME+30 ms) , THH
X e U, fRIEZ +12 dBIHIRESE 5.

HH /mihiraki/ DE R EEEZ K 4.8(a), FEXBEOBRBFERZX 4.8(b), FERX
M OEIGERZ X 4.8(c) IWRT. KFOBFEDOEBEPEFEETH D, ROFERAH
AT A TH L. FEXMOEMRAMHICE-T, BRICEENS TFERE
TRTCHATEZ b o7z,
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Input speech signal

\ 4
ﬂ: Consonant identification \

A

B: Formant transition addition

v

C: Taper setting

D: Emphasis

Output speech signal

4.7: - E SR ILIE O K
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4.8: THEHILEDOH : (a) FHEES (FOFEHW) , (b) THEXMEMRHERR OF
DR , (o) HRLHEATOEFES (FOEM CHFANHEROERES R

ES Y

Time (ms)
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FTHE $RE55HM

5.1 FERXRERLEDFH

FRAETHHCE, 3.281k [F UHRSERHEE TERABASE R 7 —&ty b (FWO0T)
[23] D 640 HHFEZ AR AFHT e UTHH U, HlOHSRIE, 7ERE, A 75 XM
i, AR FEXEED, FEXERHEoM>oFEXEMEEETHS. 22
T, HETE /AR TEREME R S NI TERXEREERE, 44 TRUES
I X=X DOEEEZFH U7z, FHiiEEEE F-score ¥ droc Z W7z, F-score 1% 0
~1, droc & 0~v2 DHEPAZELD, F-score 1X 1 IZTWIE Y, droc 1& 0 1TWVIE
Y, TEXMEBHOMRESEWZ & 2/RT. R5.1ITRT, FEXEEDOFIER
FIicEOWT, FEXEOMHIERD S, FP, FN, TP, TN 2Xk®7%z. ZODX
12, Precision & Recall Z3K®7z. ®%IZ, F-score XA TRD .

2
F- = 0.1
ST /Precision + 1/Recall (5.1)

7272 L, p

Precision = TP 1+ FP (5.2)

TP

l=——" :

Reca TP T FN (5.3)

#5.212, FEXBEBRHEED O RZ /RS, F-score KIEHT 5 &, it
RIETIX0.438, R T HXBEMRHEIEDADILETIX 0471, G5 & XEHEHE
DAHADLZETIZ0.498 k72 b, WEFE A FEXEENEE 2 e T H
WA T, ERELAREOWREEZR > TWE Z e 0h o7z AL,
FEHXEMHIED F-score 12 0.678 TH D, {ERIEL L To0.24 8BS Nz, %
72, TEXEMHEIED droc 132 0.356 TH D, 1ERIEE FHEEL T0.33 =S N7,

ROCHifRIC K W R 7 B FEXEOMBHREDPR K 2 7 X —X %
FHALT, #ETE /R FEXEEzmHE L7z, K5.112R7 4 kHz DLEOREHN
BB, A FEXEMRE O DR E RS, K5.212, EHEIZEEA T
ZIEER L ZDNRT —ARY MILERT. TS DRPDOROERL, FEXEHH
D7D DFSEEE (4 kHz) s, K5.3(a) WRT K27t (KFo¥
Y7 DER) EH0, K5.3(b) InT LI, DY —taRE (16 dB)
ZBZ Y TEATFEXEIHEZNS. K54 12777 0.9 kHz DIFO#Y
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BN, A TFEXEBIE DD ORI EZ LS. K551, BRICEEH
TWAHARATEDNRY —ARY FLERT. T 6 DR DIROFEFRIEFEHIXH
D70 DEEFEEEL (0.9 kHz) 2R3, K5.6(a) ITRT KD —Lt (K
HOVY Y705 BELH, K5.6(b) ITRT XKDICD T —LEHRE (-0.12
dB) Z#EZ 2050 TCHE FERXMEIHEINS.

pekiE (M 3.7(b) R LATFEXEMSEE (M5.7(d) OF& XEMR R
RIS 22, A TE/h/ L /k/OXBICOWVWT, ®R L TFEXEREEORE
EBEWZ Dm0 holz. MAT, {ERETIIAERFE/m/ L /r/ DX ZBT L
TVRVLDOIINL, R LAFEXBEBREETIEIRE L TWE Ze by oik.
FEXEBEOMEHHEREK 5.8 1R T. EREDOTFEXEOMER (X 3.8)
LT 2, U TNBDIT048149 TH D, MHEKD 6% ICBETE /-,
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# 5.1 FH XHEBH O FHl R

HOREHR
=1 EFE
X [ X [H
% | True Positive | False Positive
| X (TP) (FP)
#hR | JEFH | False Negative | True Negative
[X i (FN) (TN)

3% 5.2: FH XHEBHEED L

Precision | Recall | F-score | FPR | TPR | droc

TEHRIE [13] 0.708 | 0.317 | 0.438 | 0.063 | 0.317 | 0.686
HER R XA | 0618 | 0.381 | 0.471 | 0.115 | 0.381 | 0.630
AR FEXBEMREE | 0.513 0.483 | 0.498 | 0.223 | 0.483 | 0.563
T XA 0.560 | 0.859 | 0.678 | 0.328 | 0.859 | 0.356
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0 100 200 300 400 500 600 700
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o N ~ (=] [oe]

5.1: HA{EE /mihiraki/ DXV —2AR7 vw 7T L (BEFEE : 4 kHz)
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Unvoiced consonant /h/

Power (dB)

(a)

0 5 10 15 20
Frequency (kHz)

Unvoiced consonant /k/

Power (dB)

(b)

0 5 10 15 20
Frequency (kHz)

5.2: HEFHEDAT —ARZ bV (a)BETH/h/, (b)BEFETH/k/
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Time (ms)

UC(n)

0 a

Time (ms)

5.3: HEH THIXEIMINIC X 3 ¢ (a) X7 —H Pyc(n) & BIE Ove, (b)
(FOEH) r TFEXMOMHFEER Dyc(n) FROFERR)
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5.4: H{E5 /mihiraki/ DT — 27 s v 25 (BERUERE ;0.9 kHz)
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voiced consonant /m/

Power (dB)
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voiced consonant /r/

Power (dB)

(b)

-50
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55: BEFHEDARY—ZARZ L (a) BFEFE/m/, (b)BFEFE/r/
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5.6: AAFEXBEMHICE S @ (a) 97 =Lk Pye(n) & BIf# Ove, (D)
(BOFEHR)  FEXBEOMHAER Dyc(n) GROFERR
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0.01 I I
: I(d) | | | I 1 |
-0.02 1 1 | 1 | 1 L1 | L 1 il | |
0 100 200 300 400 500 600 700
Time (ms)

5.7 THEXMEMIMEIC K 2 FEXMEMI  (a) HA{E5S /mihiraki/ D87 — 2R
7 vur o s GRFARE : 4kHz ¥ 0.9 kHz) , (b) TEXEOMERER Dyc(n)
(A 5 KB HTE) |, (o) FEXBOMIEHR Dyc(n) (BEFEXBEMRLE) ,
(d) FEXEOMEFER Do(n) (FEXERHITE)
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1152549

" Consonant section (Detected)

 Consonant section (Undetected)

7048149

5.8: RIKIZ KX 2 FHERXB OB R
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5.2 WERIEIC & 3 BERTEED T REDTE

R L FEHRIAE (CE-IMP) ZRHL, BEREH O TRERBREZIT- 7.
a2 A 72 LT, CE-IMP Oft, 5#RFZ L (No emphasis) , TEKIE [13] D
B FERAE (CE), B85 [12] o—XEEi#daE (RT-FOE) ZF|H L 7.

FEEE, IEFEEN2HET 5 20 RO HAGERGEGE 10% (BlEs 4, ZE54)
DB U7z, FHHES 7 — X35 X HIE 0GR L 7z 640 FEE F
HL7:. WFhomEfAx A4 7OEHEFED, ABEOBIEE S V7 OHENEE
NTWol, 4F—TJHEINTOANEZIERLI X, ZOHELZIEELHEL
7o, MEREZEET 579, 2HEOMEL L (55 dB, 75 dB) ovr 7
BEHMALE. 20729, EBROZRMEIL32 (MiHXA TAMXBEEL >
XHEHL L 2HE) ThoT-.

5912, HEETHEHBROIEEE L EEREOWMIE 2/ RS, HHEIEROBED
HEN 7 VAT 2= NOHIIMELIZEINET T 0368 VTHD, 7 FRRE
Al ¥ 72 2 ZCEHEEN T DO FHE L~ 60 dBICRRE L 7-.

X510 K511 Fh ZNHBIEIC X 2HE L~V 55 dB, 75 dB TOZRMAET
TOHGEEGFRMERZERT. M5.10 e M5.1112, HEETHREGBICEDRD N
ToHEEIEERGEREMIM R A T - BEE T V7 0 IRT. RFDOTL T — =1
fRUERR A 2 3. MR X 4 I L TEBIEE 7 7 2R, HtTH 3
Word recognition rate \FHGEIEEHRZ/RLTWVWAS.

Kb N F-HEEFERICEIT 2 ANOVAL IZ X302 Lz, x4 7, Bl
RS V7 e HEE L UL 3ERGRNT OFR, HEEESFRIH L THEX A4 7
[F(3,27) = 30.13, p < 0.01], BHEES > 7 [F(3,27) = 177.29, p < 0.01], HEFL
ANV [F(1,9) = 127.08, p < 0.01] D EXIRDFED 6N, KTz, HEHE A T L3
FH LV EERAERD iz [F(3,27) = 30.06, p < 0.01]. 5#FEZ A ¥
HEE L LD AR 2 FUMEDHER, ME L~V 75 dB O T &
4 T DOHEMMENEDIFRD &7z [F(3,54) = 59.10, p < 0.01]. HEF L ~L 75 dB T
DFGFRIZDOWT, Holm EIC K 2 ZHEUIBMEDRRICE D, HFH XA THTHE
ERR SN (51158, *d p<0.05, ** p< 0.0l DFERZRT) .
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cFamiliarity 1
mFamiliarity 2
mFamiliarity 3

(a) 55-dB noise level mFamiliarity 4
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5.10: NRIEIC K 2HEE L~V 55 dB BRIR RO X A 7 - Bl R HFE IE &
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cFamiliarity 1
mFamiliarity 2
mFamiliarity 3
(b) 75-dB noise level supstilioriiy A
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% 5.3: WRIKIC X 2 FE I | HAEEEE

BN | HELOL | BEE] | BEE2 | BEE3 | BEE4

No emphasis 55 dB 0.82 0.86 0.935 0.97
75 dB 0.2 0.17 0.38 0.565

RT-FOE 55 dB 0.855 0.915 0.96 0.965

75 dB 0.295 0.37 0.56 0.72

CE 55 dB 0.88 0.9 0.92 0.99

75 dB 0.225 0.235 0.535 0.72

CE-IMP 55 dB 0.9 0.93 0.94 0.975

75 dB 0.495 0.465 0.67 0.86

o1




R 5.4 WRIKIZ X % 7FH#EHA | GEEBUERR

source | df F p
AHEEL~UL || 1| 127.082 | 0.0000
error[AS] || 9
B:#EEZ 7 || 3| 177.285 | 0.0000
error[BS] || 27
C:iH&Z 47| 3| 30.134 | 0.0000
error[CS] || 27

AB || 3| 65.935 | 0.0000
error[ABS] || 27
AC | 3| 30.055 | 0.0000
error[ACS] || 27
BC| 9 1.721 | 0.0975
error[BCS] || 81
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FOE AFEE

6.1 FEXRERLDOINR

BEXHOMHICOWT, A7 A FEOEERMICESOVT, BE TS
SERTERBMHEEEZRET L, TAZPNOBREHRELHET 2 X5 I TFEXM
MHEEZRBE L, RIEIC X 2 FE XM EEREE, 7ERE 18] & HRT 32%
D S6NICHETE I Z e o7z, (ERIEE NRIFIC K 2 & TEXBE DM
FERZX 6.1 M 6.212R7. Mid& 15, MrFEXE (78D, N—
DOLECHETFEXEOBEREZRLTWS. ZOME, fERELHKLT, &7
DORRHEREDS RIRINCE T E /2. FRHT, /m//n/72 EAH 75 X% 90%# H
LTW5. ZoOfRIE, HNINEBEREBEBICEF L TWE2 FEEER L2
LICHRT 2 eEZLONG. Moz enrs, fERELHEBL TIREEEZ, 75
X ZEWEECHREIAEETH 2 Z L DS 27 - 7.

Lo L, RRIEDOTFEXBMEICET 2 /w/E /) DBRHRIMEA L L TRV E
¥TH5. ZOHHE LT, /w/t/r/DEEREICOWT, REBREGTIE (0~0.9
kHz) & 2R ETIR (0~24 kHz) D 87 — HEOHMAINC KR E S Rz e E 2
bib.

—77C, ROC HIROMIE & droc WEHT %5 &, AR & XM HITETIImSA
THXBEMHE L LEXT, (TPR, FPR) = (1, 0) Db SHEN TV Z & 23R
SN, £, M5.7(d) DFERTE, FEXBOZEELMRHICEE-TELT, &
B KHOXBB RGNS, UL, TEOFEREIEETHZ Z LI
HLTwaseEZoN5. MAT, FEXBEIFFERBZ7ERICTT 2 HIE
DWTHHRLSMA T I2REDLD 5.
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Number of samples for consonant section

>< ] 06 T T T T T T T T T T T T T
| Detected [ Undetected

2.5

0.1%

Consonant

6.1: TERIRIC & BT 5 DX EMHAGR

o4



Number of samples for consonant section

X;IOG T T T T T T T T T T T T T

| Detected [ Undetected

2.5

90.9%

Consonant

6.2: RIKIC & 2 BT 5 O XM AR
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6.2 HREICE B THREDHENR

EEE B FI2B W T, CE-IMP & RT-FOE O CI3HE I EERICEREDNH -
Tezedbrol. ZORENIS, RO —B L CEEBHHT 5 XD
by, FEEEREZEATSI1ES5), BREEE NCB T3 BEIRREE D THENR
BICAMTHEEZBNS. 72, CE-IMP ¥ CE OB CIZHEEFERICEREE
MBolzZeBbhrolz. ZTOZehs, TEXEOMHMEREDEWICER T 2
rEZ5NS. OF D, MHNHNCEEIC ST —pER T 3 METE TR L,
BT ARY —DERT2EF FE D aD, ABETRTFEXRB2EE X DIELL
Mt URiA 3 2 2 & T, omiFiEe gL €, FEIgREF D IRENX 5
KEINZEEZONS.

HEEDIEERICH U TEFANE » MZ L LR BB sz, 202
2#6 CE-IMP 3EBEHRE FTO TERBEICEN TH I WA S, £/-, H
BRI LTI » SIS~ 7 O BERIZERD s o7, 2D
n%#%,GMMPﬁﬁmﬁmﬁki%TﬁmfééZ%KE&%.

o6



EBTE Ee

71 BHbMCLIEC

AHFFETIX, EREIC K 3 TFEROMHEREIMR Wz, MERE N THEHE
RERE D TREDOWENREL T DICE s T oz WS BEICH LT, 75
ERoM I MERE R KIBICEET 2 22 T, MERE N CTHEEIRREH D THE L X
LICNET A RHIELE. 22T, R TE AR FEOEERBICE DO X,
MRS /AR FEXEMEEZREIL, 2O ROMENMIZ X 2 F5F
XM EEZRE Lz, £, FERXERHE 2 FEBRFAICHAADL Z 2T, &
REFEZ X2 BERRER D T RENENRZTANT. ZOMRI S, LR -
722 & % RNlITRT.

1. FEOFEFRINCES S FENBICEHL T, EE 5 AH 5 XEHH
FrsGatl, 2N ZThomERIREMEWH T 5 2 2T, ki Rz &
T HEXEORHMEREARIRICHETE 2 2 L LI L.

2. FEXHEBREZRZHR L FEERLHEZANAS 2 2T, BEERERNT
FEFRE A O TREZ KIBICHETEX L Z LI L.

7.2 BRINTHEE
ARIFFETLE, BN 382 IR T.

1. RAFRORBIEIC X 2 BERREH O TREDHE, S, 75 dBHE L ~L
BTN T, THEN %A EICEETE ThiRWn., FHIEREE S > 7 1~3
DHGED TIREN 0% R TH 3 7-0, BEEERE MBI 2 B8R E A
DTREDRENVETHS. /2, BEETEL L TGRHEL, TEER
BT 222 03b 2. Bz, F&/r/8 /w/OXERHEEN 10%KETH 3.
ZD7=, FEXEREOMRER M ETIUE, TEXBERHOMEREE X 512
WEIT I LNV EEZIONS.

2. AT TFEHMFALHEZHRE T2 2 8T, BESEREH D | REDOHEIC
BENDERD BT, b ROFEHMFAIC L D TR OUGERNRA £ 725
TETWVWARV., BFHOXEMRER BEHIREF O TR OUER) R 2 i
ST, BEIORERD [EZ X HICWETELLEZIONS.

o7



3. TERIKIC X 2 FE T & SEHERDONA 70 v MTXBT7KTIE, S
EDIHITHETEL IR LTWVD [13]. ABIEIC K 2 FEFAE, i
KIEOFEHMAED DHEIRREAD [HELZLETES L 2ITL
oo 2O, BEIERER D [ MELEEC, WRI N5 & EiEEk
e AEDETITEDR, ROBBILODPHERDOBEDND 5.

4. FETRFLE » SEERF LTI B BURE R E OB LT, &S D
i - FEXEOMFANEZIT- 72, 2N, MEERE N CEEIRRE
RO TREZWET 272012, EEREL WS BERERMEELEE L LT,
A RICEE R SRS 2 EIBICEN X8 2 22 T, BELEREDHE
PRITIONZEEZONS. EFEBARYZ FALOMEERHELIEIC L - T, &
P S R CEE R BT I BB ERIBICEN T 5 Z e T, FEEFEA
HBENTUESAREMED D 273, BEIREF D IRELSETE 20D
LARVWEEZ TV,
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