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Abstract

Speech is one of the most important tools of communication in our social life.
Speech contains three types of information: linguistic information, non-linguistic
information, and para-linguistic information. Linguistic information is a verbal
message that can be expressed in language and written. Non-linguistic infor-
mation relates to the speaker’s age, gender, personality, emotions, and so on. In
general, these information cannot be intentionally controlled by the speaker. Para-
linguistic information includes accent, intonation, speaking speed, and voice pitch,
all of which cannot be expressed in writing. These information are intentionally
added by the speaker to transform the linguistic information. In particular, lin-
guistic information, which includes the semantic content of a message, is important
in speech communication. It is not a problem for people who are communicating
with each other to talk about linguistic information. However, there are situations
in which it is undesirable for linguistic information to be overheard by unintended
listeners, such as when talk about private conversations. In situations where con-
fidentiality is required, linguistic information needs to be protected strictly and
appropriately.

In open spaces such as hospitals, pharmacies, and conference rooms, people often
talk about personal or confidential information. If such private conversations are
overheard by unintended listeners, personal or confidential information may be
leaked. Problems arising from private conversations must be solved to protect
speech privacy.

Akagi and Irie’s research on speech privacy protection focuses on mishearing of
speech. This method is based on Acceleration of perceptual fusion. Acceleration
of perceptual fusion is a phenomenon in which two or more different sounds are
perceived as a single sound. It is occured according to Bregman’s psychoacoustical
heuristic regularities. This regularities composed of the following four rules: (1)
common onset or offset, (2) smoothness, (3) harmonicity, (4) common changes
occurring in the acoustic events. In this research, the target speech (conversational
speech) and sound for hearing protection are presented simultaneously. It is shown
that the two sounds are heard as one, and the speech content is obscured. While
this method is very effective as a method of speech privacy protection, it has
the problem of causing discomfort due to excessive deformation of the spectral
envelope.

In auditory perception, the temporal structure of speech sounds has a signifi-
cant effect on listening comprehension. For example, in Drullman’s research, it
is investigated whether the temporal amplitude envelope(TAE) or the temporal
fine structure(TFS) of a sound contains more information related to speech in-
telligibility. The results showed that TAE plays an important role. In addition,



in Ueda’s research is showed that speech intelligibility is significantly reduced by
locally time-reversing. Locally time-reversing is a method of dividing speech into
short segments, reversing the time within each segment, and then connecting the
segments. It has been shown that when the locally time-reversal length is short
(20-40 ms), the speech can be understood, but as the locally time-reversal length
increases, the speech cannot be understood.

These results suggest that an effective method of speech privacy protection can
be achieved by locally time-reversing TAE. This paper aims to achieve an effec-
tive method of speech privacy protection by directly processing spoken language
information in time domain. In this paper, the following three points are focused
on. (1) TAE plays an important role in speech intelligibility. (2) target speech
and locally time-reversed speech have the same TFS based on the most restrictive
of Bregman’s four psychoacoustical heuristic regularities, rule(3): harmonicity.
(3) locally time-reversing is used to manipulate the temporal structure of speech.
From previous study, it has been found that two speech with different TAE (one of
them locally time-reversed TAE) and the same TFS are most perceptually fused
than those with different conditions from this. Therefore, in this paper, it is inves-
tigated whether locally time-reversing TAE can be perceptually fused to the target
speech and reducing the speech intelligibility of the target speech under similar
conditions.

In this study, two experiments were conducted. The first experiment was con-
ducted in a soundproof room using headphones. The second experiment was con-
ducted in an audio-visual laboratory using speakers. In the first experiment, it
is considered whether or not that intelligibility of a target speech can be reduced
with locally time-reversing TAE while TFS of the target speech has not been
manipulated. Word intelligibility test with familiarity-controlled word lists was
conducted to clarify these two points under two conditions of the highest and
lowest word-familiarity levels and under nine conditions of locally time-reversing
length (20, 40, 80, 160, 240, 320, 480, 640 ms, and whole duration). Results were
summarized as: (1) the word recognition rate is reduced by controlling locally
time-reversal length. (2) reduction degree of the word recognition rate depends
on word-familiarity levels, that is, 77% at the highest familiarity level and 44% at
the lowest familiarity level. (3) the most effective length of locally time-reversal is
around 160 ms. These findings indicate that locally time-reversing TAE enables
to reduce speech intelligibility of the target speech.

In the second experiment, the effectiveness of the method in a real environment
is confirmed. In this test, the conditions of word-familiarity levels and locally
time-reversing length were the same as in the previous test, and the target speech
and locally time-reversing speech were played from different speakers. The results



showed that locally time-reversing TAE enables to reduce speech intelligibility of
the target speech in a real environment It is also found that the effect is greater
than that of the previous test that using headphones.

In both experiments, it was possible to reduce speech intelligibility of the target
speech. These results suggest that locally time-reversing TAE enables to reduce
speech intelligibility of the target speech. Also, it is shown that this method can
effectively protect speech privacy.
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1.1 FLC®IC

AP ENEEE2E LT, SRREEERaI 2= —Ya VY FEREDO—DOT
H3. FF, FLEPHZFIMEBALVA v — Y ZBEICEWVENRT, SELT
5. ZLTC, @#LFRZOR v E—DICHSXEERERFHDP LT, SEEFET
5. ZTOEANPEEZFOREREZNLTHMIES, X vt—IHEOH CTHfE
ING. FREaIa=Fr—yavid, ZOL5% 22X (Speech Chain) |
CIHEN B EEHIC X > THEHIATWS [1). HRaIa=r—2a YT, &6l
FHPEZEIE LA v -3 BAA, ZOMICH XTI EREBRMNREX
3. HlzZR, FELFOMMAMSRENE, BERREPETONS [2,3]. 2D X1,
FRICEENLIZHEEREEELDS LT, BRI I 2=r— a3 UHK
DILo>TW5.

BRI RAL T, SEBMEWR, IESEEER, 7 5EEHRO SEHOEERI S
FNTW5 [4]. SEEHREIE, SBTRHTE S, 20> SHEHITE 2
THROZETHB., Thbb, AIZFELTVWEN] EWOIXFTEERIT LR
TEZEMBAvE—IDITH5. ESFEBHEMREIE, FBEOFROMEN, FEA
P, BIERECEWE - FEHIREBICET 2RO TH . 206 DFEBRIT KN
2, @ LFERERMCHIETERWERTH 2. 7 SEBEREE, XFTER
BRNWTZ 7Y, AV bpr—=Yay, @FTHIPFOEIREDHFRD Z 2T
H%. INHDERIX, SEEREEZEIEL-D, 3658 T 2705 E
WK o TERNZMIMEN2TERTH 5.

FREIZEENZIEROFTHRIC, X vE—IDEKRANENE TN S SEER
X, BRI a7 —yaYiZBOWTIRPERWERTHS. aIa=br—arv
EIToTWAYFEERLTERERIL, SEBEREEZELA D 2 2 IXRME I
oW, LaL, EAERCHEEERICHR S NEIGEEIC E25ER Y, =
FHICESBEHERMMEIN D ZeREZ L BRWEED D B, 2D XS RMahED
WL XNBGH T, SBERIEEE» OBEYNICHREI NI DELD 3.



1.2 WEES

JRPEPE G, RRBL Vo RHEDA — TV AR—ZATRINBEFETIE, HA
THRCHEEBRICHRDINEDFEEC L2202 0. ZOXIBRTITA Ny —
WD B ERP R IZERO R VWE=ZFICHEETIONATL X - 54, AE
HOEEBROIRBUC OB ->TLES. 20D, BRRHEICEENDE TITA4N
—DmHEMIE, H5WETIANY —(REOHLZHEOFETDH S 5. BHHE
RECEENDE T FTANY —, TROBER 7 Z 4 32— (Speech Privacy) 1,
DD Y HEZ N D NI mb 572 WIKEE (Confidential Privacy) , & % WIER
FhME DY & 15T 0 IKEE (Normal Privacy) & L TERINS [6]. B S
FTANY —ZHYNRET 27-DI121E, TOZODIREZFE IR BT 2T
AV AN

RO = H I EWM oMW X S RIREZROZDI2IE, HVL T 2RME
FEAE L (BETHRELKTIE2r) IE230E8ER3H 5. Thbb, B
BEDPROE R G inlAmO s —F I EESNBRVIRRNZED BT BRELDH L. F
FEEEREZUE T2 e THERE S 7ANY —2RiET I HEE LT, Z2OHER
GieZ b2 hHEe, HNERZD b DB OEMEBIET 2 HEDO OO0 H
5. ARWFETIE, BB ZEF Sanlnm 2 BRI S 2 /575, 5B 2 EENIC
WS 2 HEL EET 5.

T B i e MRS 2 7515 LT, BRniXiEtE (STI: Speech Trans-
mission Index) [7] 2EHEL L TELDH S [8]. TDHER, STIOT 74 » Fiff
E [9,10] ZFHL THERBI2EFOEEI ORNEZEREL, HINEFIIHL
THUNIHRERN G T2 HETHE. ZOHFIETE, BERNA 3LV RR%E (RIR:
Room Impulse Response) DREFERE X Z(L X, STI ZREENCHIEIST 22T
FEEE DI XZFHIHL, BRI 74NN —(Ri#E L L TIEEICHENRAIED—D
THDZEWRENTz. LrLAEDMS, STIZKTXI®IT ELGE X, DTS
DLEIDEMLTLES WO REPERINA TS,

B S aa Bl B S 2 57k LT, BERBITofbaiciEo A
DH5 [11]. TOHER, SFARETRBEZIESZEZHNLEDDOTHD, TH]
HNEE ) WEBHLAETHS. ZOHETIE, REEF CFRRFICER DS
PEEBRICT 2FEEZIRL, ZOo0BEPHENIREI G- T—2DHEE L
THERRX NS Z & THENBENLAHENCR 2 Z 2 2R E . L, @ERR
R7 PIVEIEDEIC X D RIS SN HICAREZECZED W I
BZZTNW5.

FEREICEBWT, SORMMEEIETEOEESIWMOICKREREELLEZ 5. HlZIZ,
RFREIE I & 2 5 5 e IHEICBI S % Drullman O H % [12]. 2 DL TIE,
B DI YIRS CAS AR IR & RIS O 5 S ICHEF TREIRD 5 [FlD
ZLBENTVE2 BT L. ZOME, & ORHVIRIE A& G IR EZ R
BEIZHES Zedbhole. £, BA 2 RERREKIRL, BFOREMEE 5



TILRE-oTEATHREIELIKRTTZ2ZedmMEZINTNS [13-15].
EHIZDIORBEREZMEANCHkD - 25, REHERICBWTSEHERE
EEN (RFEEEOHRIE) »oREN GRENS) U L7d D%, Bregman
DFFAFHANCE DO W THRNME 2 EET 2 X5 RIETHNER IG5 5 Z
T, SRR ER 74N —(REDHEEZRBTE 2D TIERVLAE WS E
ZWEoT. Zo07 Tu—FErlAaEbEs T, HNEFROIEZED 12
XEERLEDLS, STIZETIRITEZILICEL->TAEL DT OHDbLEZIK
BEXEoNBZeDRADD. KRETIE, FHilebEBER T I7A4 N —(REDIE
PERT27-D0HE 5 LT, FEEBICBWTER SEERZ EENIC L
THHERRET 5.

1.3 HEZEB

AL HIE, RREEBICBWTE S SEEWRL BEZMCULE L, sk
BRI IANY —(REOELFERT 2 THD. 22T, SHOIRIBEIEIR
B RERERIES 2 2 e CHEA SMEBEREUHE L8R %, FAENES Z 2
T2 X5RETHWNER ICMNES T2 2 CHINE R 2 RHBLT & 2 02 5T
g5,

T, HAORMEMEDRIEC X > CTHNE R 2 AHB L TE 20 2HLICT
%7912, HNER ORIBEEIERD A% FRERIEL -5 2HWT, &
RN 2 s G

K2, BRFEEHCEER T AN —(REOHIEEERT 220084
LT, ERBE T TCORFEOEMNELMHRT 5.

I, RIETEARERZ RERERIE LSRR 2w, R 774 N0 —
REEDHFEZFEBT 2 Z e DAEETH 20OV TEET 5.

1.4 EFEXHERL

ARESE, 7TETHEEEINS.
£1=

BRI 27— a IZBII3EEEROEBEMEICOWTENTER, HF S

TANY —REDOIFTE R MERZERNRS. 512, HFOREID 262 BE
W5z L7z LT, AUFROHNZHS2I2T 5.



B28

BE T 74N —(REICET AT L TR, SHSEARECE ORE
ZHDICEE T AIH50ICBI L TibR 5.

$3Z

AP TIE, HF OIRIECEIRERE RRERIES 52 28T, &5 ORHE
bZMEt5 5. BIETE, BUDICAMFETHETIER T 74NN —1RED
BEZ S L, KR R IO W T H T 3. &BRIC, Ko EH
HIZoOW TR 3,
TA4E

H 5 7 OARIE T ARG D A % B i L7258 2 AW T, & O
B L2325, B4ETIE, HWES & ZORIBCEEIRIERD A % JRER R &
EL-EE2MEL THAEL, HETHRERRZITS.
EBHE

RKFFEERANERE S I7ANY —(REOTEEFEBT 57200542 LT, &
RIE TN COARFIEOEMEZHERT 2. BHETIE, EREEAHEEL, A¥—2
7 & 5 A R Ze U U CHGGE TR AR 1T D
E6E

WAE, BLETHEONIHERD S, IRECIEIRER L BESRE ML L - & H
PHWE, BRTIANY—(REDHEEFEIET 2 ZENAJEETH 20OV T
PIREREZHLE 5.
BTE

AR THOLPIZ L Z EIZOWTENL, RENLHFEIIOWTIANS.



FE28 FEERAZE

2.1 BETSAN—REICETIME

CNETI, BRI ITAN—REICEHL T, ITXFRBLDLSWHIEILX
NTW3., YEMCEEEFORRES CHEL LT, EREIROE W A —T 4
TavERBL, SEERET 2 5END D [16]. TOHEZX, BHRZER OMERL
PHFINIGEEIRDBENTHS. L, =TV AR—Z2D X S ITENZERM
DEMDFFZI N VB E A TE W0, FEHESEFENIRENTHZ LWV
MEZIZ 5.

F =TV AR—AETORHEERBLI-FIEE LT, SAXF UV ERD . Z
DHIETE, HNEFR 2R 73 500ERZIRRL THNERD 74 N> —
PRETDE. ZOHEOERIIHZEZIE, WESRAF YV IIPRERYRAF I
HOLKBbDTH2. FIRTIEL LT, CrI7HEcEEHEST NS, &
BT PRI N S, FTY, WEEIR LYY 2SI R D R
THbHEINTWVWS [17,18]. TOHEER, BNEFRZOHDZEEXR DI LT
5 THEBRTIANY (REEEBTE2—HT, SAX VI BEEHERERL
TEBLIRDERDD, BERB L VOIRANRBEEEZIEZ 3.

BERBErERB L0 Po—F LT, BREMEEZEET 2 THERE Y
FANY —RERERT2HERH 3 (19, ZOHER, REEFICRIR 285
AATIER L 7REE R 2 = H IR T 52T, HINEOREEID oifiE%x
HO>BDTHB. ZOHEOHERICHZE 1L, EHOHEE - THEIIRED
WEBIZIDEFEILLIETTALVWOIHRICESKBDTHB. TR T IA NS — R
EErEBT 2701213, FEOHIURRICAEDOE CHYIBREREN S PEENS
D, ZOHFEDOEINIEZE > THRWV,

CORIERICH L, STIICEDSE, BICBIIA3EHOH XD OIRNEZEEL -
BRI IANS —REOTHEDRD 2 [8]. STIE, EDHF{ridkshE O iz F) A
SNARBEHMMRETH D, FBEHMHRETH 2D ICL T e @EWHBZ &
OIEIETH 5 [7]. STHIE, Zi#mERIE (MTF: Modulation Transfer Function)
DEZRICHEDINTED, RIR2SEH XN S, RIR X, EEE, WHHKS, %R
BWEDZODRD TR I, BRERENRDEHOIEEMD ICHELEX 5L
ENTVWS., ZOHEOERICHZ2E 21X, STINEEE D 12 X &V 2 #
DZ ¥, RIRDEBZFREVPROEHOEEIMD ICHELZE 2 5 Z12H <D
DTH5B. ZOFETIE, EESLBRTRECHKLLRIR ZHWT, 2087

5



X —REHEL STI ZEEBIVICHIE T2 22 T, BEEI OIS X2HIELE. 2
DFHEZ, BETIAN—REL LTEMBRAED—DEEZ NS, STl %
KTXEIEZL, bISOLIDHEMEBL b WHRHEEZEZ 5.

7 C, MHFPREEZYHEMCAE T2 5ETIERL, BFRAE ETRIELE
LZeZHWE LT, BBERENTOBERICE IS BE 774 N —(REDHIEN
H5[11]. ZOHIKE, REEEH L FEIFIC, SEMEZERICT 20EEN RS
N, TS ZODEPHEMIBEIDE> T—OD0FICHRXNE Z T, Fib
NENRHENC/2 2 Z e B2 Ho72HETH 5. ZOHERICH 5% 21X, Bregman
DEEHEE RN TN & N7 FERAFRAI [20] IO =, THIRWES) 2EEXE
2bDTH5. HIRWAIG X, HHFMHDL ZWZZ0D0EFN—D2DF L LTH
HINBBRDZ 2 TH 5. Bregman OFERNHEANK, (1) @D E B3 /37
B TH D ORI, (2) W ZELICRE 3 2 KR, (3) FHEIHRICEE 3 2 kRHI, (4) %
EEMOJFRHICEET 2 Al WO O DMHAITHR NS, 2o 0FANK, —
DDHERPH—DDENPHT VWS e EZ - X1, EXRFMEMEEE X OB EmE
BICBWTEOSHEIZOWTRINZDDTH S, X2.112, WoODFEEWHAID
MEEZRT. BRENHRATRTRE>TVWEHFIX, —20FRke LTHEINS.
X 2.1 (1) Tl&, BOVHEND /LB TR DB UBRVREOFET S, 20
&, BB END /AL T D OMANZHED R WD, ZODBFERIHE X
N5, K21 (2) THREIZHCZELL TV EIREDFEST 2. 20 x, &
{LDE &0 PRI T HRAIZICBE T 2 HANCIED R Wi, ZDODEMRD
HREXNS. K21 3) TREEEHEI SN TVEIREMFETS. ZDL X,
FRBIRICE T 2 AN RED R WD, —o0ERAMEINS. K21 (4) T
3 F DR 72 IRIE CAS AR LI L R WRHEMFE S 2. 2o &, HEERD
JFFLICEES 2 HANCRE DR W=, “ODEMRMBHEEINS. DXk Hic, HEl
WKIEDROEEDFES 2, ZO0EMRPHEINS. ZODEMRMIEEL T
WTh, HE2—HDOEMRDAZERINCEEIRTZ 2 X5 BB, Th 7 78—
F AR EMHEN B 21 T TAR—T A EMECZER L LT, HOHK
F D OEY, HEOERAMDE, HOEIDEY, HEOEVOMIZ, FiEIC
B3 2HERCRERR C 2 OEZENET OIS 22 ADBELZHLEE, 38
DIFE D DEWV, FOECRAMOEYN, HFOEIDEY, FHROEWVWREZHW
THEBNRREHZ NI AT (T, SBT3 R 2 AW T
BB L2 -y 7L (BHb) , BXD XHRZZTEDEEED 2F
M55 (EIREAR) w5 =20 TbhTwa [23]. ZoHkE, BHb, Sk
JERRD—HDE = %25kt e MR, 2R DOFRICIX, Bregman DX RIVARRIZ % H 5
22T, MUHEEZEOBERLEZ2ZEDT—2O0EME LTHIETZZ AT
XZ3LEZ5. GEEMBHTOMERICES HEZ, EIRENRFOEKREZED &
25 EP-TAETHOIEFFICTEMNTH 2 M, BWERART MLEEDE
X 2R PREEE X2 L VWIBEREZTWS.
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2.2 BESEBMEICEAYT 3L

FHAE OIRIEEIMEAIERL, S5 SEARICBVWTEERKZE Z2H->TW5. Drull-
man (&, BEEIE X =X 2CHO X, & OREAHIRIE CUE IR R & R AR &
DELLIERGmARE, FICER TREIRDIERNIZLTENTV I
HE L [12]. ZOHR, &ORHIVIRIETSERPSEEREEIZHS Z e
bHrolz. F72, Shannon ST P Z(L X B -MEREEF ZHWT, RIE
TASHRE RO E B SRBRIRICE 2 28 e et L7 [24-28]). HEEFEREIEH & 13,
RFFEI OIS & 2 MDD AMEE ICIE X2, & OIRIE CSIRIE R D A% (-7
LEBREDZETHE. ZOHE, BrEediiied 420 THETL IR
8 CAS ARG D A CTH A S EDRETH 5 Z L DAL I - 7.

B OREMETHE T I X, BESEARICREREELKIZT. RS
DEED—Fl LT, REIKEZENPZE TSNS, RENKIEL X, SHE2ERA0 50
ANECHHATZMHEOZ L THE., INFTIZ, Fiba s r XM CRE KL S
%8, NIFFENETEBTERIBRDZZebroT W5 [29]. £z, FihEH
DIFFIREAZ X > T, ARZ PBREZE(LZ BT ICHRMEZ R 72 £ £HEN
BeMRTERLIBZIebhroTW0W5S [30]. Ueda 5%, EHZ2HEVKEIC
XEh, ZhZzhOXEANTREMNICKIEXE S, OF D REIICREE KRS ¥
B2 TEBIRENELIETTZZEHLICLT: [13]. ZOHEZREE
R & PRIE N, KEEXEEZ 2382 2 ¢ CRfR B MRS O T fRE
B RBNCEIECE 22 e b o T\, JaaBRii iz D KR X 53 20~40
ms L WSS RFEANBEHETE 20, KERBEN LD ELL R3O0
THAENE MR TERIRZ ZEDPMEIN TV S,

|



E3E AHARDIGES

3.1 MIERTE

3.1, AMRTHETI2ER S I7ANY —REOHHEHZRT. A =TV A
R=2IZBWVWT, FNERLPEEEHRICHE T2 2EDRRIN TV IR EZEE T
5. ZITCTRREES o(t) BIREL, =i EZREROLWE =F2REE y( )
FREEIZ DD T 5. AWK TIE, 2(t) L FRIRICRENEE RHE LS 55
() B =FWRWEESES. 2(t) &2/ (t) D ODERHRENICHE X ET, x(t)
PARFFOBFEHERE TR R 2 EREFHOER y(t) = () +2/(t) £ LTH=HIZ
HMEIES., ZOME, BEFEIRFHEHAOEKRZIDEZ, &H O NHIE(LD
FiAD 5.

| speechintelligibility |*'(®)

Q reduction process @
S x(1)

w y() = x(t) +x (t)

X 3.1: BEEGE @ BH 77 A NS —(REDYH




3.2 RElREREE

B o(t) BRI L X 2 72012, RS O#RME & U C RSN KL %
175, RSP e 1%, BEZEOWKEICXY)D, Za2io X EN TR
WX B -1, BUOREEGDLEZ I RIET. TNETI, EEF 22X
MICHEIREES 2 &, NIHENEEHEMTE R R ZeBbhroTW5 [29].
F 72, SRR L O KR X R DS 20~40 ms ¥ WSS ICIXFHBNA 2 HR T
x50, KEXBENINIDEL RZICONTHRENELHETERL RS
ERMEINTWVS [13].

U Eo#mErEEZ, AFRETE, EFEEZDODDTIIRL, BF TMEIC
R AE %8 S IRIE ARG RO /SR SR 21T 5. ARBFFEClE, IR
FHEIXRTE L7 % %, RERE M X N - IRIE GG R e A S DESZ 22T
R RS o/ (t) Z1ERR T 5. ZDE &, o/ (1) 1%, DAEHEA (1) & R TR
WG 2>, ZD7=, Bregman OFRIVFRAI GRAPE B3 2 51811 125
DR x(t) & 2/ (1) D ODEPHEICHE Sh, REEF y(t) ¥ LTHE=HK
i oD, ZLT, HEFWEROL 25, yt) » bARDFEEENE & FfE
TERLIBRLIZIRMPEAREINS.

AW T, FEREMNIRESE % R1E L 72 % FIRIE SRS ARIE R O & % Jay 3 iee ] S i
LTEREINLERDOZ %2, Yk, EEREKIEE R ] R Z 12T 5.
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3.3 RBalREREEEDOIERFIE

AWFFETIE, R321TRT X5 REEIMERGREZMEH L, JaaBRHE RS~ 2
TERS 5. ZDOEMHDREEBD X, ERBAT Y~ =T 4V EZANY T % ff
H32. BY<b=VT7 4 VRIIBER 7 4 V& 31 O—DTH D, HEEEDFY
W72 BRI T RIE O — 0GRl L TIRES N DTH B [32]. Hv~v b=V
T ANEDA VOOLRIBER, UTo k5 icRENn 3 [33].

gi(t) = at N Vexp(—2rbERBy (fi)t)cos (27 fit + ¢), (3.1)

fo SBER T 4 A Z OHUDEBEL, o 13HRIE, ¢ 13RR, NIZXE, ¢l 3iMHTH 5.
HER 7 4 VX OFFIIE T & % FMEEHI0E ERBy(f) &, LTO XS5tk H
% [31].

43.7F,
ERBy = 24. 1 2

Bk ERBA RS A0, B2 7V Y IR 20 kHz, %7 4 VX ORHERIE %
100 Hz & L 7=.

Uiz, ANMES (RE) 2EFBA < =T 4 EZANY 712K 5T 100
RIS ET 2. K2, BHIEE 25 Hilbert 241 % FIH U THRIE SRR & IR
WAl E 2 kD 5. KiZ, RIECIHSHRZ RN EREE L, REMAIESIEE D %
T35, ZONMWHEHEITXRTOHFBESIINLTTo7%, o~ —r7 4L
RNV 7 DIEEINT X o THRIMBEER T O, R RS 215 5.

X 3.3 12 BRI B FR O 2" g, 2 2 TlE, MR 2 A IRIEOER 2 HEE
XN EEX R CEHEMERICOE L, 2hznOXENTRENIEZIT- 721, K
XN XEEFORREE ok Eabe 5. REMMMESEIMbEIEINT
ZOEEREINSG. BRI, TR L X 7RI TR RIS IR IF S AL 7 IRF
WIS 2 NI &1 % Z L TREFMME X N -HEBES™E LN 5.
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kBEHOF ¥ 2IES (AH)

I
M

iR | ot A

kEBHOF ¥ RIVES (BH)

3.3: FIHE S 2B 2 YRIETLR&HR D Ja BRI S in
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3.4 AHAZKOEHS

A ORMFASAERIE, SR EEARICBVWTEERKEIZH->TW5 [12].
F7z, RERRERIELEIC X > THEFRORMMEEZE T Z & T, H5F IREIRE
LIETT % [13]. 2512, Bregman OFERAHANIED ZHRAVAEG 2 2 X
BBEIBER T TANT —(REDTTIEZE, HFENEZ FHB(LTZ 2 Z & 23
HENTW2 [11]. ThoD I erbFEER, EHRONHEEEZHRELTERS
lElR U LB 2, IRNMEZREET 2 X5 R TREER INEGT 2
T, MRNBZEFE T 7ANY —REDTEZHBRATZE 2D TRBRVRLEWVS
BRAWXEST. ZOEZZ—DO3OMRT 2012, £3, HFOKHEMEEDH
fEE HINE R ANDOHIRIRELE DIEER & NICHE S N5 DR L Z M3 2
WERD 5.

Z ZTAMETIE, XD3RWEBLT, Z20FDRAEL, MEINLEOR
BRI L 2 a3 5. (1) B ORFEVIRIECASIIERD, S THREICEER&E %
HoTwWa Z &, (2) Bregman OFERFHAIOH T & D HIFIOTR TERF IR
THRAL WCHEOX, EREA L HNERDFE CREMiigE 2R 8, Q) &
DI RIGE O#ME L LRI 2R T2 2 &. AT, FHE
PARIREIE IR TE L 72 F £ C, IRIECLA&HR ali&HR TG IR D A % Ry B S fis U 7 &
ZHWERICHENICEE S, BHNERZ MR TZ 2050 2ilE T 5.

AR T EFE OIRIE ARG IR 2 RN E L U, REEEICB W THNE
PR OEHSEEEREZRIET 2. 20720, ART MLVERBHRFEIN, HIF
RIRANTOMERICHE D K HIETHEE R o TV A RMRRIZAE TR W ERIAD 5.

14



F4E IRIBISRIBTRD BHERRER
FRic &k 2 R DABEIRIL

4.1 EERBEMN

AREBFOHMIX, HIVER & Z OIRECERERD A% 53R s L 7= &5
EFMELTHELLGEIC, HNEFRO TRENMET T 20502l 2ICT
52 ThHd. 2D, RLIMENZRIEEXEREZHOPICT 572012, KIRX
MEZZCXETCEREITo/-. /2, BF JREITHEREBEICL > TREL
WEEXND., BREEOHEBIIBVWTOATIEONEND 20 5> 021D S
72, (KBS L SR EOHGEL AW THEBREIT- 2.

4.2 EEAHE

4.2.1 #WERE

FEICIE, HAREBZHE: LIEERENDZET A2 1054 (23-271K, B 6 4,
wPE4%) BSMmL .

4.2.2 EBrHE

FEEHIFE, PC (LG Sharkoon, Windows8.1) &bD, A/D 2> =% (RME
FIREFACE UCX), BXUAy KKk 7> 7 (audio-technical AT-HA5000) %#%
H U TR Y FA&R > (SENNHEISER HDA200) % & #ERE SRR L2, #iER
FHORISDOIURFITIE MATLAB I TER L7 GUL 7 Y ¥ —> a Y 2L, A
F12EEI2IZF — R — F (ELECOM, TK-FCM084) Z{#H L 7-.

SR e LT, BIEERIEEE TMEFBRH T — 2= (FW07) [34] DHBEL
B2HDEEED4E—THFEY, INOEFEE L UTIER L 72 R R S s &
PR L7z, JREbRefE R JREEIX R 1& 20, 40, 80, 160, 240, 320, 480, 640 ms,
ALL (Z2X[HE) D 9% L7z, HEERZEIX1.0~2.5, 5.5~7.0D 254 L.
FOFEUX, 360 (=9 KIERXRE RS X 2 BIEESRMEX 20 HF) Tho .
AR, ANLTE (BK Artificial Ear Type 4153) , ¥4 2 (BK Microphone

15



Type 4192) , BE&EEF (BK Sound Level Meter Type 2250) % FWT, ARFHEE
LAADBELZ6R2AB 4 2 XS5FE L.

4.2.3 FEZ

HEE T pEaBridiE Ecirbiie. FREEOMIEZ X 4.1 1R, HBR#EIC
&, BWER D4 £— 7 BFRICRINHRESEF 2 AL TR L. #ED
R, BEN-THGEZ A XA FTHF—R—FANT LI THoT. B
EANTRIEXERD L CHFERERRIFE S Y XL RIETIRRL, k& 44
DIEFEIITFITHRE NS KO IR L 7. REXHERCHEY X oA ED
L, HERE L ICEE L. FEBICE, KEza0 1 INHEREEZEL 7.

16
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4.3 EHERER
4.3.1 HFEIFEXR

BB TR Z L ICHFBIEER 2B L. K4.212, BUEERIHEE TER
BOMRT R

Mz, #ERE 10 B O HEEEER AEETUELRT. K4.206, WHHE
EZMFE H1C, RERBRIZICE THEEERMMET T 2EHAN RN, 7272
L, HEEBIEEIC X > THEBEEEROERTOESVWERR 2. KEFEOLE
WK T MU%F THEEIEERMET L (ALLSZMH) . —F, GREEOSE
WITHRIRTD TTREEICE ¥ X o 7.

RERX R BEERE RS2 BER E Lz, 2 BRI 21T - 72458,
RERX RO FERR (F(1,162) = 250.16, p < 0.05) , B X NHEER B E LM
DEME (F(8,162) = 16.53,p < 0.05) DRD Nz, 51T, REXKMEESRMGE
HFEBIZ LM O R AR RO btz (F(8,162) = 2.76, p < 0.05) . X HAEH
DRO NI Z e b, FEEINKIXERSFFIZOWTZELEK (Bonferroni
5 ZATo MR, BEEEOGEIIRIRXEE 20 ms & 80 ms~ALL, 40 ms &
160 ms~ALL, 80 ms & ALL ICHEZEMNZED 5Nz (p < 0.05). Fiz, EHEE
DIGFE I REEX R 20 ms & 320 ms, 640 ms, ALL, 40 ms & 160 ms~ALL, 80
ms & ALL IZHEZAEDED 507z (p < 0.05).

D EoFERD S, REXBEREIZE U THEEEERMET T2 Z e RE/z. £
7o, HEEBIZEIC X o TRIEXBERICN T 2 HEEEEROKRTOEAEVIRLR 5
ZEDIRENT.
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4.3.2 E—JSUEREEE

E—IMBEIZX > TIEBRNPEDLDIZNE I PICOWTHF T 2720, SHEE
THENDE—IFMNETOEEFREEN L. K431, (KHEEHEDE— I
B D EER e EERE T RT. RIEXEE 20~320 ms T3 1 E—JDIE
ERPERD @M o7z, T2, KEXBEE 160~320 ms TIEHE— 7 ETEZEX
PIFIEZED SR WHEHFTH - 7-.

X 4.412, ESHREEHREDT— MBI OWEIEER L EHERE 2 RT. KIEX
& 20~240 ms TlF, H1E—FDIEERIRDEDL -T2, £z, KIZXHEE 160
~320 ms CTIEBE—FMETIEZFRMIIZ D SR o7, ZHUIEKHIEEHEE
YFRICHEATH - 7=.

20
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| | | | |

160 240 320 480 640 ALL
Duration of reversal-segment (ms)

4.3: E— I NBEHIEER CGHEE 1.0-2.5)
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4.4 EE8

F3, BIES OIRBOERERD A% R KR L2582 HwT, BH
B EAHB L TZ 20100 THEm T 5. AEBRTIX, HWES & 2 0iRIET
RIRIEMR D A% HHRBRIEE LR 0 S 2 ME L TR L, HEE T bR
ZiToTz. TR, REXMEZERIET 2 Z Ik o THEBESEMET L, &
KT 44%FTHMEIME T L7z, ZOMEERD» S, & OYRIE TSR IEHR % R SRR
RERZB/P I TER THRELZRTIEONIZ MR T £/, RinlX
MRS U THNEROHELEERMET I 2 205, EAOREMEEDERIE
Y UCE MRS 2 A TE 3 Z e R R L. X618, ERBICHERE
ONBEE WL 25, SEIMA—2ODFICHI AT OMENDH o7, ZD
Zens, BIEF LRSI KL E 2 E CR MRS E s ffo o v T, 8
PHIEMICEIE T2 Z e DERTE. oD eh s, RIBEERIGEHRZ R
R RER L - B 2 WA Z 8T, HNERZ AL TE 32 Z e hRa k.

K2, KFFEEHCVTER 74Ny — (#2175 LT, B KEXEEICD
WCERT 2. FROMR, RERBEICS U THEFERMETL, ALL (&K
) TROBEENMET L. LaL, HEREEICEDLS T, RiXEE 160 ms
Y ALL QIXEEZZED SN o, ZOZeh s, KEXBEE 160 ms T,
X FAREECER 2 AHB XN 2 Z e cE 3. EBOA—
TUAR—ATDFEEREE T, HWEEZIERLUNEL THAET 729, K
RXERIETE ARV EODEND 5. KK THW-EHEREE, 15— 57
h DR 180 ms TH o7z, THDB, 160 ms DKIEXEEIZ 1€ — 7 K
Thh, EEELRXBEETHIEEZILNS.

PRI, RIRXER 20~160 ms TIXHEFEIEZERME T L, ZHLED KERXHE
B CIRBENRKE KT LR o HEICOWTERT 2. KEXFEED 160
ms KD (20~80 ms) TlE, 1 F— F 1272720 A X R TR KEE L
FEENHERICMEZNS. 160 ms KGOS CHEEEERNE,L-22 &
X, BE—70RPCREIKIEEL-ERZHINER CMELTIRALTS, HW
BROBE—IXHEL IRV ZRT. —F, 160 ms & D b RVWKIEXHEEK
T, ARICKE— 7 DBRPCRERIEE $2 (Bl 21 240 ms 1 1.3 € — T HiE,
320 ms 1X 1.8 E— FHIZICHYTZ) . 2% D, HICHWZHEDE 1 E—F121F
HE—T7DORPCREIRILLEHEPMEINS. 2026, 160ms KD b
EOWKEXBEETEZEHNSEEOE 1 E—SDEERBMET Lo EZHh
5., —fRICE1IE—IPHETZ I ZNFEOE—FBHEETZ 2 IATY
% [35]. RERXMERED 160 ms L EOFZATIEHE 1 E—IHHETE LD, Zh
DEDE—-ZbHETE, HEEEENTITILE->EEITVS.
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F58 RRETFTOERDONEAERIL

5.1 EEXREM

AEBROHWE, AFEEHWEEIC, EREICBVWTHHNERO TRE
PETT 205l Th5. %4$Ti«/F7ﬁV%%mf,E%%
i 2 ORI TSRO A% RGN BRI L - EF e B L THE TS Z 21
Ko TEBEITo/. BHETIE, RBOER 74NNy —REOGHEZHEL
T, HIE ﬁt%%@%ﬁmﬁ%%m%mﬁméxt A HEAE L THEBRELT

W, KRFEEOEMMEEHET

5.2 RERFE

5.2.1 WERE

FEITIX, HARBEBZHE: LIEFRENDEZET 2104 (23-32%, BT 4,
M3 %) BB,

5.2.2 BRI

FEREE, PC (Windows10) &b, A/D a>,x—% (RME FIREFACE UCX),
BXU7 Y7 (YAMAHA, A-U671) Z#H L TAY—A (YAMAHA, NS-pf7) %>
LIERE IR L7z, BEE O RISOEUFIZIEZ 7L v b PC (Surface Pro3) %
FHL 7.

BRI e LT, BEEHNHETRERBH 7 —&2xX—=2 (FW07) OB
QHDFEEDA4T—THEEY, INSEFEE Y UTER L - BB oL & 12
RUT=. BRI IR KR X BRI 20, 40, 80, 160, 240, 320, 480, 640 ms, ALL
(X)) DLy Uiz, BEEBZEIX1.0~2.5, 5.5~7.0D 254 L=, HIE
DFRENE, 360 (=9 RERX RS X 2 BEESRMEX 20 HF) Tholz. HH
ﬁﬁm,%xe—ﬁﬁaeyﬁﬁﬁ%%ﬁb,%%ﬁ%m%mtﬁ%ﬁ(mom
NL@)KTA%@ﬁEu&wﬁzi%mdBz&éi5ﬁﬁbtif HI=
FD4E—JHEL RTRERIEEENBLZ62dB e hb XHoREL .

24



5.2.3 FHEE

BAGE T RRE R T AV EERE TNz, EREEOMIKZX 5.1 125173, [k
R REZE R 2R T 2 A=A ZHERE D5 1.5 m DN EN, HNEHRD 4E—
SHEERIERT 2 ALY — I 2WEBRED S 3 m O EANRE LT, HEREICHH R
MR U, WEBEORER, BENo-HEEZ I Z I FTEF—FR—FANT
B2 ThHol. HBREIZZ, BTAY—PIOH 2R TEEZHEXES X512
RLUTz. BHBRENCTRIEXRBEES X CHEBREELME T v X2 2ETIRRL,
F /e A BOFEPTFEITREIN D XA L. KEXBEEEHEY 2
FDFAEDEIE, BEHREIEICEE L. BRI, KEEED 1 RFREEE
7.
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5.3 EHERIEE
5.3.1 HEEIFZEX

BRRE TR ZICHFBIEER 2B L. K5.212, BUEERIHEE T AR
BOMRT R

Mz, #ERE 10 B O HEEEER AEETUE LIRS, K5.200, MHHE
EZMFE H1C, RERBRIZICE THEEERMMET T 2EHAN RN, 7272
L, HEEBIEEIC X > THEBEEEROERTOESVWERR 2. KEFEOLE
WIEERAKT20%F T (ALL&M) , SHEEOLEIIIRATR%NET (RIEX
M5 640 ms &) HGEEZERMET L .

RERX R b BEERE RS2 BR E Lz, 2 BRI 21T - 72458,
RERX RO FERR (F(1,162) = 152.57, p < 0.05) , B X NHEERZE S
DFEMR (F(8,162) = 44.60, p < 0.05) D@D LN, Fiz, REXMHEESRMAGE
HEEBIZE LM OR AERIZRD sk o7z (F(8,162) = 1.10,p < 0.05) . Z
NZENDOFRZE T RIEXBESMHICOWTEZEILE (Bonferroni %) %175 724G
BCHZE OGE I NEXRBEE 20 ms £ 80 ms~ALL, 40 ms ¥ 160 ms~ALL,
80 ms ¥ 240 ms~ALL, 160 ms & 640 ms~ALL, 240 ms ¥ ALL 2B E D8
Doz (p<0.05). Fiz, @HREEOHEIIRKEIRXHEER 20 ms & 240 ms~ALL,
40 ms & 240 ms~ALL, 80 ms & 240 ms~ALL, 160 ms ¥ 640 ms~ALL IZHE
2D BTz (p < 0.05).

D ED#ERD S, REEXBERIZIE U THEBIEERMET T2 Z 2Rnahk. %
7o, REEXERICH T 2 HEEEEROK T OESWITHFERZEIC X & T HEE
THHZehbhrol.
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5.3.2 TE—SMEREER

BHEET, HEBENDOE—IMNETOEERPEMN L. K5.312, KEZER
FEDE— FENDOFEIIEER e FHERE YRS, RIEXHEE 20~160 ms TIEEH
1 E—JDIEEFERPRD EPoTz. i, REEXHEE 320~640 ms TIXHE3E—7
DIEERD R D Ed o 7.

X 5412, EHEEHREDET— 7 MER D FEIEER L BHERE L RT. KIEX
il 20~320 ms TlX, BB 1E—FDIEBFRIRD Bh o7z, iz, KinXHE 480
~640 ms TIXE 3T — T DIEERNERD B o 7-.
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5.4 Z

HIVE A ORIBEARERD A% R R IR L 2SR 2 Hws 22T, FER
ETCTHNSE 2 RHBLTE 2020V TH#RT 2. AERTIE, HNSHEL
Z DIRMBEAERERDO A% RATRERE LB D B2 ThZTh B3 2 —
AP IR, HETHERBREITo7-. ZOME, KERMERERIET I
WX THEEEERMET L, RAKT20%ETHEME T L. ZoZehrs, E
RS TC, IRECEREROFERERIRIC L > TER TREZRTIE 6Nk
CYDHERTE. ¥, REXBECSCTHNSEOHEBEERNETT 3
s, ERET CREMRERIELEEZFHTE 2 Z e PHRETE2. X561,
IR IR E ONBIZ W22 25, BRI ZES > TW30bh 57 n
—ODHEL LTI A WO SMELRD -2, ZOZehs, ERETCTHNS
Y R R RS S O S HENICE T A I e AR TE. oDl
Ehs, FREICBWT, RIETESRERL BHRERKIE L SR Z2HWS 2k
THWEFR Z B L TE 2 Z 2 RS,
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F6E Z2BPBEE

FAETIE, HEF ORIEEESARERD A% R R EL L 72 B H 2 W %
2T, HNEFRZAHB L TE 202 B L. ZOME, NiEXHEREZEE
TAHRZLIWE-oTEREAHBLTE 2 Z PO 72, /2, KEEXR
160 ms ClI2XMERIRE FREE CTTHEZ TIFond Z e BHL MR- 2.
HBHETIE, FRETCTOARAFEOAMMEZHE L. 20K, FHEEIIBV
THRIEXEREOEEIC L > TEHERAZIIHBE(LTE, KRFELAENTHEZeh

RTER. Y EOEREZEEMIT 2 &, HF ORISR IER % /SR 5fin
T52T, HN T 28R Z A HBLTZ 2 Z L ITR 5 7.

ANy R7 4V EHOWTEBRZToRGELHRL T, EREZEEL TAEY—
B WTEBEIT 7258 DI 5 D3E A ORHB LK E { Ko ZHHIZOW
TERT 2. EREZEELLERIZ, AV EREBICTRAY —H0 5 55 Rl % 22
HRE L TITo 72, ANy K73 Y EHWTEREITo GG 3R R, EBE
PICIIRENFEL TWS. BRE Y X, EPESKAECTHEIRLENTEZ
T, BEAPEBWTHIZA2BROZ L TH S [36]. BORERHEX, TSPEE%
FAWTHIEE NS RIR2BHHZ Z e N TES [37. Tiabb, HEIrLIHEELN
7B RIRPEE SN, BEIEOHICEL ks, 20z, REDDH
FRBOWTEEHEHEBRTOFETEHER ORI EA, FEWDIZ KR5S, KRERK
TX, HEHE L RHEBRESEED OO FORERIHNER L L TREE
LTI ER, HMIEMNICHE LRI Ro/el e BEZIONS. ZDD, ~\v
R7 3 EHWEEBRE KL T, EFORHB LA RELS Ko7z EZIONS.
7z, ERBEICBOWTIIREL U TRAMEOFZED RRT I IITERY. &
FEBIINT 2HE OREIIE, INEMHES  RIEMEMEE LD 25 [38]. ML
B, BXBUMEDOLSIZ, BEEEIIN LU THEPINENICHE ST 2 S
DI TH5. FEHMEZZ, BERICBIZHEZTOLSIC, BHREBICHLT
HMEPFIENCEETIHEOZ L TH . BRBEICBVWTIEES ICHEEINE
SN, AR RAFY IR 5. o, MEDFET 2EETIX, 7 =2/ &
WTFEREDRDEITRAZ EINRT V. ZD70, BRENFEET 2B L R
HFEORENEAR T, SHEOHBMES THMEDKRTICOREZEX 5. ML
Fozenrs, ERET CIIRESHE OEND 572012, EFHORHE (L
KEL RolzEZoN5S. AR TIIEKINC, FMEERICBWTES SEE
R EREANCLEE U 7= BT, MR (STI Z2EAE L L7257 & 25RE(HS) (2L
HI2ZTERT AN —(REDOHELZFEBHTAZ e 2HELTVWS. EIR

33



BT CRRESHEZOEEN DL s, Do UDAFIETHNE R %2 TH
b7z L CREZNE5 3522 T, MRNCEFE 74NN —%2R#ETE?
ZeDHRTE .

NIWETZELLEELZEDIC, HRMAVEST 2 AMEZHETES. 207k
B, FEPVL OHTEET S LI RBEICBWTY, FROAFAZAE T2 T
HINEDAZR D H LTI 22 TE 3. Ld>T, FFEDHHICHEREZ AT
TEZHESZY T, ZOHMIFET I ELZHEEIIMD PRI L2565 5 [39).
X5, BENFETAMNEEZRENCHR T2 Zed, FREMD NS
HEZ2ZedbhroTW05 [40]. BOERGADEWNE, h7TA8—T 4 $R%
B8 2 BERDO—DOTH S [22]. 207, FELTHEEZAET 2B, &FED
FAERNPEETH L VR 5. NIHETEZH & &, WMERKRZE ITD:
interaural time difference) , MEB L XLZ (ILD: interaural level difference) 72
COMBEEREFHL CEEOAFMEEMLTWS. KRIFFETIE, #EREDEH
HICAE = Zi&E L, BNER & RERREKIEE O 2D EJEAF T D
5, MICEETHEZZ2X5ICHBLT, HFEMEEEL:. 207D, B
BENMT DBICHENMEI T, “HOHBENMENEL, T2 B L
TEhrEZIoNS. ZOZehb, ERETCER 7 7ANY —Ri#EL T 255,
R RS 2 AT 2 A ANCER T IUIRRINC T T A N — 2 {RET X
52 DHIFRFCE S,

AWZE T, BER 2 RBL X8 2 -0 DIRE R & L TR K is & =
ZHV, BWER EECEEL LV THERE IR L TEBREI T2, 2L X,
HWE R & REREMEEE RO DO BFZMEMNCHME X, —oDF & L CHl
WMEICHEIBR L TER S IANY —2RET IR HoT WS, HlER
fEir OMERICED CBFSE [11] T, B T2 RGEE R 2 NIHRL € 27290
RRERE LT, BEEELFIH XNz, BHBESE 1, Bregman O ¥RV [20]
WEDO LSRR OEFRTHD, AXRT MVUKREERT 2 Z & TEREINS. Z
DWFFETIE, REEEH % 50 dB, FGHEE % 44, 50, 56 dB THE/R U CHGE TR
B iThbN. ZOME, RIFEEF LS ZFE L 50 dBOEEL NV THRRL
725 E D EHEEFERIZN 60% TH o 72, X512, FilEHEZ 56 dB TR L7
BE I B IEER P 20%ETIK T L. ZoZehs, MHEEORRE
JEERKEL TR TER T IANY — R RETEZ e bholz. UL, #
JEI2 AR P NVESEDEFC & DIERI NI F XN RREE LT Z 22
B30, REWVEETIRRTZ2IERBEZ L RVWEEZONS. AFKETIX
ERFICBWT, BEEEOHEIIERART20%FE T, BHEEOLEIITHEK
TASNE CHEEEERMPK T L. ZoZehs, KFEEEHWEGEICE, 72
TEHOEEZRELETICHNEREZ AL TE 2 E2 5. Lo T, ©
PR A F V JETHEE > TWIRERBRR Y AL XET, $HRMCE
FHTIANY —ZRETEZ DR TE S.
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7.1 AHAETEHASHMICLI=C L

AWFETIE, FFRETEBICEWTEF SaaHRE BRI L, SRR ES 7
TANS —REDTTFEZRB T2 2HNE L. 22T, IRIBTASHR ISR
TEHR D A % R FRRF A SR L 7 B 2 HIVE A ISR IICE S <8, HINEF 21
HBHETE 2085 2Mat L7z, Z0fER, oIl Ro7Z 8 ZLLFITRT.

o MR Y72 HINE S ORFEMAIGE X 2D T, RIBEKERDOAZE
IR ML L2 A 2 HIE A ICHRENCEEXE 2 2T, HWEFR 2R
PR LT = 3.

o RFRIF IR D REEXHREZ R 56 28T, HWER ORI KE
2%,

o REEXMERELT2L, THABLOEEVLBBIZ—ELRIE21D 5.
o HIRITTYH, RIEXEREDBIEICL > TEFAEZRHBELTEE 5.

N5 DFERP D, B OIRIBUHBRIGHRZ RIRHEES 5 2T, HE
THEREZAHECTZ 2 Z ALK o, F, RERERIRIC X > T
BHR S AmMEE T e TE, RikR R L & = DRSO RIEL L
THMNZWHETH 2 ZeBHO» Ko7, Ul Z e»s, RKEHEBICHEWT
HA S ealAmE ERECUHE S 2 2 T, $IRNITER 77 AN —Z2RETE
5 Z R ENT.

7.2 BRENIRE
o STIZFMELY LI-BE T 74N —(RED L OHAE DY
ARBFFETIE, FFEEBICBWTEF SEERE BRI LS /H %2, Al
HEE e E T 2 CHIWER I 53 5 Z e THNE H 2 I LT =
LR ENT. T, EEBETNTAFEEHWEGS, BRESHE DK
BICX o THWERORHBLOAKREZ LA BB Z e TN oDl
Enn, Do UOARFETHNE S Z NHBELx 8/ LT, STI##HHEr
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L7 8l Ik » TRE R 532 22T, XOEIRMMCENERS %R
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DEMRY, DI SOLXDEBOMVHHFFTE 2. X512, KizZXHEE%
RBALITER LR ER 74Ny —(REDHEEEBTE S L
EZoNb.
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AWFFLTLE, HIVES & Z ORGSR G R % R0 R i U 7= & 75 & [FIRE
WHAL TENZITo 7. L2L, EBEOF =TV AR=-RIZBWTATFIE
ZHOWAEICIE, BNEFRZIBR LRI L THEST 22 Rhb. 2079,
R ERIR SR 75 2 AR 3 AR DB IE 2 B 8 L 2 T UL R 720, AT b
WVEAEDETNC & o THBEE Z1ER L 72555, HEAREFEBDENRLEDILS
E2D DTN ENEAS I EERIZT e PHL ISR T WS [41].
5%, RIBOEIRERZ RISRR R s U 7= & 2 W zigaiciE, BRES
DB ERD DTN DEE T TTHIUIHHEINCEE T 2 012D0WT
Mt S 2 0B DH 5.
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A1 EEREM

O FORRZER, HEXEMHDOEFIC—ODFEL LTHIEINS Z B
HIVEE & WS, Bregman 1, FIHEMNMAEDEL 2BO&EME LT, XOUDDHE
RERAL (1) H@EDzH E23D /325 T30 o#fl (2) @i bicBas 21
HI, (3) FAPBEMRICEES 2811, (4) H@Eamo BN S 2RI L. —
i, EEOZFHAEOMEDL S, BHEDOSERE - IESFBEHEICHL T, RIECBER
1G5 (TAE) ¢ RIS (TFS) OEEMIBFT IR TWS. b DRHY
WL, ZO0EPHENCEIAET 252 0ICTENL, ZFHARICE T
R OREEICOVWTHRTE 200 LARKRW., 22T, ok cisE A
PRAWEARENMEDEREZITS 22T, I OREMEOMBINICHD fHie.

A2 REREE

EhclE, FRNEA (1D, (2, @) onwIThEHEEZLEGECEREREZD
JRER R E R D DD E XM ENICEIE T 20 2#lE L. 2 ZTERD=
DOZEMHRAI (1) 235 LTUREOEHXEAN (SPS) TO &R HER
NER L7236, A (3) %2735 LT TAE O &% R E R L 72355,
AN (4) 27235 LT TFS OA&%ZRGRNERIE L2582 et Lz, £
72, V771 R LTEED2XME (ALL) TREHTREKEEL -GS, o
I\Z TAE - TFS O /7 % BRI L U 7235812V T H e L 7.
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