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Abstract

Cochlear implant is one of the artificial organs used by people with hearing
impairments. It converts input sound into electrical stimulation and stimulates
the auditory nerve directly through electrodes. Insertion into the cochlea can
significantly restore hearing. Treatment with cochlear implants is particularly
effective for children with hearing loss. If patients restore hearing by early fitting
of cochlear implant in infancy, they can communicate like that of normal hearing
person. The number of cochlear implant users is expected to increase further,
as the criteria for cochlear implantation in children are being revised to allow
for earlier cochlear implantation. On the other hand, there are several issues in
vocal communication using cochlear implant. Especially, Cochlear implant users
find it difficult to get non-linguistic information. To realize rich communication
for cochlear implant users, the transmission of non-linguistic information must be
improved using speech synthesis processing for cochlear implants.

Noise-vocoded speech (NVS) is the simulator of cochlear implant speech that
uses band-limited random noise (temporal fine structure) modulated with tempo-
ral amplitude envelope (TAE) information. Therefore, it can synthesize speech
in which only the temporal information cues (information of TAE) are preserved,
without any spectral information cues. If NVS can be used to reveal the acous-
tic features involved in the transmission of non-linguistic information, it can con-
tribute to the improvement of speech synthesis for cochlear implants. In this study,
the acoustic features involved in the urgency perception, one of the non-linguistic
information are clarified.

It has been suggested by previous studies using NVS that TAE of speech in-
cludes not only linguistic information (intelligibility and comprehensibility), but
also important cues related to non-linguistic information (emotion and individu-
ality). Furthermore, it has revealed that the TAE of speech includes cues that are
important for urgency perception. Furthermore, it has found that the temporal
modulation frequencies for urgency perception important cues related to urgency
perception were the temporal modulation frequency range from 4 Hz to 16 Hz.
However, it has found that there was no difference in the urgency perception (i.e.,
it was difficult to distinguish the different of urgency perception) in the NVS with
the time-reversed TAE included the modulation frequency band important for the
urgency perception. This result has suggested that not only the long-time averaged
modulation frequency components in the TAE of but also the temporal features
of modulation frequency components are important cues for urgency perception.
Therefore, it is necessary to examine the relationship between the instantaneous
modulation components (IMCs) of TAE and the urgency perception to clarify the
cause of the change in the degree of urgency of NVS to the time reversal processing.



On the other hand, it has investigated whether the IMCs of TAE contribute to
emotion perception. It suggested that the cause of the reduction in the emotion
recognition rate in NVS with time-reversed TAE. The reduction was reproduced by
manipulating the IMCs using temporal stretching and compression on the TAE. If
this result is not limited to emotion perception, but is also related to the urgency
perception, it may be possible to clarify the cause of the reduction in urgency
perception of the NVS with time-reversed TAE by manipulating IMCs of TAE.

This study aims to investigate the change in the urgency perception of the NVS
by manipulating IMCs in TAE. The following four point of issues were investi-
gated for this purpose. The first point is whether TAE contains cues for urgency
perception. The second point is the modulation frequency components that are
important for the urgency perception by using Modulation Filterbank (MFB) to
manipulate the modulation frequency band of TAE. Before using MFB, it was
investigated that whether MFB processing of TAE affects the urgency perception
of NVS. Then, the modulation frequency band that is important for the urgency
perception was investigated. The third point is the change urgency perception
of the NVS through time-reversal processing of TAE. Finally, the fourth point is
the change urgency perception of the NVS through manipulating of IMCs using
temporal stretching and compression on TAE.

The above points were investigated 1 by conducting listening experiments with
NVS. The modulation frequency domain and time domain of TAE were processed
according to the conditions, and changes in the urgency perception of NVS with
that TAE were investigated. The results of the experiment revealed the following:

1. TAE contain cues to the urgency perception in speech.

2. The modulation frequency components that are important cues for the ur-
gency perception are from 4 Hz to 16 Hz.

3. Time-reversal processing of TAE reduce the urgency perception of NVS.

4. Manipulating IMCs using temporal stretching and compression on TAE can
reproduce the change urgency perception of NVS caused by time-reversal
processing on TAE, except for a few results.

These finding suggest that IMCs of TAE plays an important role in urgency per-
ception in speech.
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FB1E i

1.1 FLC®IC

BEE, A\DPEERGEEZITO ETEERY —LD1DOTHS. NIEFEZHEL
T, ZOFEFBAREDINCH MR, Fin, RS, KiGEORESLEXZ CHE 4 2 E
WEBRDZENTES. ZLT, ZN5DFRIFRESLHGEDIREBICEDLET
Zt55 [1]. ZhoDERZEEIIRITNS LT, BB VHERII 2=
F—=2alEiTOZENTES.

L2, BFaIa=r—2aYELIELRERORD & H IEENEL 25
BWH 5. ZORKEE LT, Sl tEoEW, HEDMEBDO XL, BEER
HETITEADOLENS L VLR WEREDIED, HEEIZX > TEHEFDZITED B
#2722 2I5E02 T 5N 5. I T E OMRE IR ED H 2T IEHEEE
NEH OREREICEE D 2 OGS R Ic I N S, TS DHERIaz 2 N4 23,
HUOEHZBEXE2HED 1212, ATHEOFERZIT RS, ATHHIZ,
S22 2 A2 0FHT 2 N TS TH 2. WFIc, WAoBE 7 41
R L - BMEFHATS. ANIh B2 BRI L, Bz E
LU CHEREME 2RSS 2. kD, ICESSELEIT % Z L 23 A[EEICAR
% [2-4]. ATHEIX, FrohNEoRBZEAIC L 2R EDLATWSE. KRS
X, KRR SN 2EEFTTONTINEERA RO EHiDE L SHEER D HE
WOWTHAEL, BEEE RO ESAONS Z e 2L LT 5. YA
HNCERTM 22, BEHEEEZN S Z 212k - T, BIEE RO SEREN
SEEEESIAGFTE % 6], ATANHOMEAHEENMEERLLTWEZddHD,
SHRNEDONTHNEERAEZENENT 2 e EZ 605, Stttz oh CHFEAD
DWMAFHINE e dEE2 2, AITNEOFERISHRLEMNTI RS
n5.

TDXIIC, BEBREICHLEOM I X ZREX 28R E2RET 2 —HT, A
THNEHEHAZEOE DR Z 2 IIEANENIKRZW (6,7, 2070, NLTHHEMRE
DHERLR 7 5 —< ¥ ZFHE D S DIERIHKIFET 23 DBKE N R EINT
W3 [8,9]. ¥z, —HOKIGOFEEMIEE LV, HHE»OLBLERINT 5 Z &K
Hrnwoleko1Z, BRDOIEFEBEHRN ST FEBROMBICHELZKZL TV
% [10-15]. R 2 ANTHEEHED, BrREFII2=r—>a v 2FEHT 5
722, ALHNEHEFESUHIC X 2IESEBERM U7 SREHEMDILED
BEEICHANT T, ZRZNDEMOFEIIR S EEREEHL ML, RN

1



EDARED &5 D EMET T 2 REN D 5.

AT, ESEBRD 1O THL2EEKICHFEHL, EFOBEBAREICHR
2 EERICOWTHET 21T 5. HIBEZEO BAKERICBWT, duf bt TH)
TS, BREBEUNRIZET 20BN DH 5. BEHEIE D0 F H O/ OBERH
B 285N T, BHERODHZEH XL D BT 2T e BHLNE - T
W3 [16]. ZHNFT, BBEBHIEICED 2 B2 T 2 MENEHZ {Tbh
TEZ[17-19]. THHOMENIMA T, ALHNEHERIZEENL2TF030 D o
T, BHEHBARICERZENCED 2 B E N ZHO T 52T, ATHEEH
BEraUZ2 Ll DANLIGHYIRBEHEREZ AT 2EFDOEHICEMTZ 5.

1.2 HEE=

CHET, A\THNEEHAZFOSHEOB I ZZ2EH LI 2L —22H0T, A
THNHEHBERICET 2Ma 21T 58 AMTbNTE R [20,21]. ZOANTHEAE
FDYIal—&e LTHENEIEA (Noise Vocoded Speech: NVS) I 51T
W3 [22,23]. NVSIZE, RIEZFET L TARLL 22, WEARE T v X L4
B Wk EE (RS ¢ U TRIEZEHRAGES (FIRIE k& (Temporal
Amplitude Envelope : TAE)) ZBE)L TIER XN DTHS. ZD/=H, NVS
T, ART MUVERDOFEL D BEL 2D, REIEHROFLD D 12 MR- 17 X
NREDER, DF D TAEHRZFICFELL DR EF 2GR TE 3.

FEATHIETIE, NVSZHM LT, BEF O TAE ICEEEH [24,25] 7213 Tk K<,
IESREIEER [26) KD A EERFILDREENTVWE I E/RL. BHIZ, B
BEICHEH L2 T, TAE KEBEBHIRICEERFRDPDREGEhS I %
mUTz [27]. %72, BERARICED 2EERFDLDN DA 4 Hz 25 16 Hz DZH
JEBECHIICH 2 Z e DAL UL [28]. L L, T DOEEREFHEBE IR
ZEh, KT %Z WL X E 7z TAE 250 NVS O BHEAIEIC O W THET L
ot 25, LD NVS OEBERAE L IFHMHPELR D, BBEKOBEBWDL LD D5
{BBZEeDbhrolz [27]. Z ORI, EHEREGEIZ O EEEAEICEE
ZDTIEL, ZORBMNEZLDIERTHE I ERLTWS. ZDRD, &%
¥ TAE QR KELIZ X > TNVS OB\ ENZEL L7=DD, ZDRKA%
fREAS 2 BN H 5.

—77, Guo 51&, NVS ZHW/HEHEERRIZ T, TAE OZHMEREBGTEIC BT %
WA FER 7> (Instantaneous Modulation Components: IMCs) 238 /= DB H.
WKHGT 20085 Lz, ZOME, TAE ORREHRETMHELEIC X % IMCs
DFlENC & b, TAE ORISR X 2 ERIERHROE TN EHHTE2 2 %
RLE (29 B L, ZOMEIREMELTICRESNSE BDTIIRL, B
HEICHEBRT 2D DTHIUL, IMCs ZH#ET 2 Z & T, LihDRERKZ IS %
ZEMTELEDD LRV,



1.3 ZAAEOBER

AWZETIE, TAE ® IMCs Ol X 3 NVS O BEEAE O Z LI DWW TRET
T4, FDRD, KD 4FEIZONWTNVS 2 W BEEERZE L TR 5.

(1) TAE BEEHBIEICEAT 2FR0D 2B S B,
(2) BSARAIEICEE 2 TAE OZHRE BRI OV T,

(3) TAE ORI X 2, NVS OEEBAEDZ(LIZDOWT.

(4) FERMEREMRILINC X b IMCs 23 2 2 2T, (3) DREEHITE 37

LD 4E2@ELT, B OBEEAIEIC TAE O IMCs B&53 208 5 005
M T 5.

1.4 ZFEEXDWEK

AFCI, TETHRINS.

B 1REIE, AHROMRER, MRAETEMVCHNZARNS.

H2FETIE, TAE E BEFEAIRICEODLIHIA L, AFROFIRMEICONWTIAENS.
B 3T, ARWFFLCTHM U 7= Bl EHIE R N ORI U 72 & A R o 364 %
AN

HATETIX, FL-BEBANEERD 55, TAE WS 2 R KL X
% NVS OEGHBHIE O ZAIT DWW TG L7 FEERICOWT, Z DOFFH & SRR,
EEIZOWTIHRR B,

5 FETIE, TAE N T 2 REHEEMUHEIC X 5 NVS OZBBHTDOZIC
DWTHRET L2 FHERITOWT, Z Drffll & EERFER, ZEZIConTihiR3.
HOETIE, FH44E, 5F5ETHERLERGRZHOIZ, TAE @ IMCs Difill{#
W2 EROBBBAIEDOZIICOVWTERT 5.

WTETE, R L TR THLNICR 22, IR INHEIC
DNWTIENR 3.
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F£28 FHROKEREZBREEE
MR

2.1 BFfEIRIE2ERE ERMEDOBR

HiE, TAE (ZFl) & RIS (WX Ko TEILI e TE
5. BHEIZBWT, TAEDGEEDEHREZ R T 2010 L, RRESMESE T
FHIERLEREMANDOEBMP R 5N 3 [30]. TR LD, TAE IQIXSEHERD
A% 5T, ESEBMICOVTIEBERCEITNTWVWA I bhrolz. TRHD
MEHTOWT, REDFEL KBNS,

2.1.1 EEBBHINE

INET, NVSZHWEFEBEREZEL T, TAE K& N2 SEHERICOVTH
SN TZ 7. Shannon S X EFEE ORI OWT, NVS ZHW2FH,
BENROLEOHRIERZITo72. NVSEMIIZ, 3, 4B h 7 2 clisiEIR %z
BT 52T, SO LORHEEBFL N TEL. ZOZehb, TAED
BEREFLLDICEFADOSEEROEIARETH L Z e 2L [24]. /NS
X, HAGBOXEZHW/ZNVS O TRERBLZEML, RI\IERS S A TRE
(MY br—=yaYHIE) KREIHEELTWS ZEZLAICLT: 31]. %7,
Tachibana &%, XER EEXOMEL NLE HOSEERIY, GHREHEcBL
TE D TAE OEBPERICR S 2 ZHLIC L. 24U, TAE 28R, VX
LRT 7Y M REDERESATZACELZ L ERE LT [32].

Drullman {Z, TAE 235/ T REICBWTEERERTH 2 2L ITMA T, HFHE
PR B AR A PR I3 16 Hz LUR OIS TH 5 Z e 2B 6T L7 [33].
Zhu 5%, BEEHEERICEERZFERELITIZOWT, 5 Hz RO ITHNEET
HHIrERLE. ZORID, T—0FHMEEREL TV EEER
ETOCHIETESZ %2Rz [34]. B, TAED S SiBIEHREHE T 2 X0
ZRALIZOWT, EMPRRHE2 B FE NI AT VS [22,23,35,36].



2.1.2 FSHEBHAE

EEICEFENZIESEBIBERICOVWT, TAEBHREZ TR D ICHETE2 22
MEXNTWVW3.

Qian 513, EEEE N A THNEERHEICBIT 2, TA2 60 OFEINzOWN
THELE. ZORRE, AT FMLHFELILDBZ LWEES, TAE 2MERIOFR5
DFEPD & LTHEHEIKRS Z 2L UK [37. FEFEMINCBWTS TAE
WBEETHDL I LPREINTWVWS [38]. A SIE, HF ORI & & M
U 7= ELASAR R IR AR T A 2 W 2 Z & T, FRERAIDTRER Z E ZBHS T L
72 [39]. Zhu 51X, NVS ZHWGE&#AICB 3 % 21TV, TAE TEHHMEN
MICEST 2EERFLILDEEL I RO ML, T2, MAMICEDLZE
B TR, 8 Hz £721316 Hz IR OHINTH 5 Z & B/ L7z [26,34].
Guo 5%, BIEHIEICOWTHEIZ, TAE D IMCs ¥ OBIfRICE R L7z [29]. TAE
D WIS 3 R R A D R R E il 70 12 D & TAE ORI R ML 2175 Z ¥ T,
MRS IMCs ZHIEI L 7=, ML 7= TAE 28D NVS ZHWT, BIEZRHRICE
TR EREIT - 26R, BIERSRORBIHERI N, ZORRIE, TAE
D IMCs N EFDBIEHHEICHG T2 2RE L.

BOHEFIHICOWT, Unoki 51 NVS ZHWWBEEEER L D, TAE ICEBEA
HOFRLYPETNTWE I ZHLPIC L. £, BHBMREICEERE
ARG I DWW T, ARG 7 4 VX R O EIEGEE 7 4 L &2 % FHWT TAE O
ZER RO I 2 FIM L, AU X7z TAE 2+ NVS OBEEAIE IS O WTH
BL. ZOME, 6 Hz 25 8 Hz DHEMNERETH S Z e ZHL 2T L7 [27].
REBE, Zil7 4 V&N 7 (Modulation Filterbank: MFB) % B\ 7= 2534
PR IROHIE 21TV, BRI BB R AR R IC OV THE L. £
DOFER, 6 Hz 225 8Hz X DIAWVWA Hz 25 16 He AEERFIHTH 2 2R L
7 [28]. TMHITHNZ T Unoki 51, WRfEEE L 7z TAE 28D NVS O EBEAN
HIZOWTHE L7 [27). REGER 7 1 V2 K EEGER 7 4 V&2 % -V TR
JE BRI I U 72 TAE IS0 LT, RS 2 i L 7=, LB X 7= TAE
ZRONVS OBHEBIEICOWT, HEHEHHOLMHICEDLS T, ARSI 3%E
BICED BN Z e b oTz. RHKER L7z TAE X, JT® TAE & [ UHRIE R <
7 Y VvEFED. Bl & DS 2T o 72 BE A RIS E B R A R R &
D TAEZ S DNVSEoId b5, JTTONVS LESHRHEBE N,
b2 s, RERSEIN 2 2B 720 T L, BREFINCRE 2t 5 2 2
AR D BB RICBWTEERFELND TH S Z e BRI .

2.2 ZAIAZOFIRYE

RIFEDOF M, TAE © IMCs IZIFEH LT, &F OZERAEOEZN R
REfRAT 2 ThHhD. BREOREBAMFICONWT, HEEEEROMTFICE L



BRI E )  DERICE R LML BZ {AITbITEL. ZhsIImAT,
TAE XSG ENA3BEEAE DT D ICOWTHRET 2 Z e AT ENIR, B
MEICEER S SERICOWTHLNIC TR TE S, £, KIGMET
B & 22272 572 TAE @ IMCs OF5I22WT, ZDOHEENRIEHE D ADREN
BRBDMEIPIZOVWTHET 3 Z 2T, BROIESEERICHE > THET 250
HOXHZZXLZRATE 2008 LKW, BHIZ, BEKIEZ T SEEHRO MM
bFfOD, EEEBERARETOHAZ T SEERAEICDINETZ 208 L
Nz,



F£3F BEERIMERERDIEM

3.1 ZEERICDOWT

AWFZETIE, TAE @ IMCs 232 Z & T, NVSOBEBAENI LD X 51
ZALT B EIEALIICT S, ZD=0HI1Z, TAE NS 2 2 EREGH O
HIEN e ORI S AL, RS REM LI & 2 NVS O BBEHI R O 2t % i #
T35, INUOOFAEE, KICHHAT 5 5 OO ZE L TTS.

3.1.1 ZEERDAN

%3, TAE BHOANRE I N B A OZBBHIFICOWTHETT 5. Ehi1l
LT, FEFREFEERZICIICUTER L2 NVSIZOWT, 22 B
HOEIZOWTHEST 5. MEOHRMHZLIET 2 2 & T, TAE BEEBEAIRIC
HERBRFENIDPD ZEZO0MET 5.

RIZ, BEBHIRICB W THEHEREHRE BN ITIZOW TGS 5. TAEDZE
A E R O FIENC MFB 2 W21 H 72> T, 3, TAE X $ % MFB AL
MNVS OBHEBH RIS EEEZ 20820 Rel$5. FORDICEHK 2L L
T, MFB ZF|H LU TER L= NVS &, MFB Z8]H LR WTIER L 72 NVS D2
EEHIE DA DENZOWTHET 3.

EKhr2 2 ¥ 2T, MFB 2 FIfH LT TAE OZFE R ERIME L, 2ak
HMBICBOWTEHERFEDP D &R ZLHEFERAICOWTHE T 5. FEE3 L
LT, RBELHDOMIE 28] ZHEE 2T, 0Hzh 5 64 Hz ¥ TOEFERBURIE L #
DNVS &, 4 Hz 55 16 Hz ¥ TOZEMERECT I ZHD NVS O ZHBEHAE DOk
HOBENZOWTHET 3.

2 ZETOEBIXK, Unoki & DS [27) MUAKRE S DISE (28] #2h, i
LOFERETFTE20E I DIHENDZ1-DDEBETHL. 22T, ZITEEK1D
5528k 3 DffiEmZ IR, BEERDFEMIC OV TIIATER A B8 X OfT8% B Iid#E
T5. FZhil1XD, TAERBEHBHNHEICERLRFELLY) EEL L, FEE2 XD,
TAE IZX1$ 2 MFB LI NVS OBHBARICHE L2 G 2wz e, EBR3 LD
POHRMRICEERFEDLD D & 2 2B, 4 Hz 5 16 Hz $ TOE
FAERBEIETH 5 Z e b o7z, DLEDRERIX, Unoki & DN UIARAS
DIFFAERE R TR e brolz. DEREEZ T, UTNOEISIX, HEhi4
& EER 5 IS 2 aim e OIS T D,



BOBBHH 1 BB R E BTV T, TAE 33 % R SCRALIE I X
% NVS OB BEHIROZ(LEMET$ 5. Unoki & OMET [27) BB F 2 T, Ehi4
LT, JtdD NVS & R R L 72 TAE %2 £52 NVS O EBHBBHIE DA DE WIS
OWTHHET 5. MEOHKHEZERZLE L, TAE ORI REIEIC X - T, NVS
D ZHHEDEIN F 72 MR T 2 22 OWTHL 2T 5.

&#2I1Z, TAE @ IMCs 25 NVS OEBBHIRICE X 2 ZIZ OV THE T 5. 3
B%5 ¥ LT, LD NVS, FRIEE L 7= TAE 28> NVS & R {#ETHE L 72 TAE
ZHONVS OZEBHEDORHDBEICOWTHTHAE S 5. REEHEEHELE % F)
HLT, FREIREZL7- TAE © IMCs 283 5. AU &b, Ehi4 OF5RZH
BHTZ 20 5%, BB, TAE OREKRIZLIEIZ X 2 NVS 0 2B E D2
1%, TAE D IMCs K2 B DY I LT .

M EEToOERZRF 2T, TAE D IMCs £ BHEAEOBRICOWTHRT 5

LL

3.1.2 RERBME, REHs, RBRFHI

REDEHAT 2 EBES N, EREERM CERTFR XL, £ ToFERICLET 5.
EERSINE L, EWRENZET 2HAREREFRE 4% (B4, WHE74)
Tholz. ERIIVEFEZDOHFTITbN . ERHEOIERIZIE PC (Windows10,
matlab), D/A 2> 3—%& (RME, Fireface UCX), ~v K 7+ > (K240 STUDIO)
ZHEALZ. BREELLD 70 dBRIRICZZ X512, Ny F7Y LYY
Tal—% (B&K, 41284)) rEEEFT (B&K, 22318 ZHWTKRIEL .
FERZINE XX 3.2 1R L2l 2@ LT, EAEaHiiL 7z, BRI
FEEESINEZEICEH % 2l e TR L, 1 FHICRNES L ERT 2/ HICHN
FEREDEDREEEEL TWA2IZOWT, £3.1DFHSH 7TV I2HED = 5 K
TiHMliX B2, ZhbDFHMEFER,2S, S xy 7 2 O—NtHEE (HOZEE) 28]
AL THEFROREROEEZEH L7 [40].



EEX1 1 NVSOFBERANE
B : TAERRBRAEDOFHND ZSTH ESMENDD

l

EER? : MFBODSZE

B8 : TAEICX I SMFBUIENNVSORIBBAE (CRiE%
SXMNEDIMHENDD

l

EER3 | RERAIE CEE LT THER R
B B0RNECERRERABEEEON 4 'S 16 Hzd
B THINESNHENDS

l

EERA ¢ B RERLE (C L BB BROZEAL

B : TAEDEREIRERAIR(C K> TNVSOBEBRBNED LD
(CELTBMHESNCT S

!

EERS ¢ AR REMEUIE(C K B3B8RROZE1L

BEY . TAEDERRRAEELEZFIF L TIMCsZHIFE L,
EERAIDBRZRPTEDINEDNIESMNCTS

3.1: EBoih

10



3.2 BRERH

FER L LT, /MK - RS D% [16] TR S-SRz FRHT 5. Z
DEFX, BEZF U o — 1 B0 LB Or I EHTH 5. BHED
25 AFOFEER (A, B, C,D) LT, #EBROEHMICAEDETNVS Z1E
T 5.

K32 ITHEBRTHHHT 5 NVS DR e fESF 2R s, ZoRIZIE, fFRLE
NVS D Z7 vk, TAE OZEBERGEIR O (Z38 & B 0 43 EI LR F
W7z, MFB O£ 7 4 &% (Modulation Filter: MF) %&%5) , TAE D¢ HIHER
DIEMIEFZICFE I N T WS, BB, “7i%, WHLLERT.

3.3 MERBEEOMENLE

3.3 NVS DIERGIEE RS, ZOERGIEX, FIZT5 OO THRINS.

%9, WFRITIE, b b OREBHEOMRRRE Z 55 L 72085 7 4 v Z N> 7 (Au-
ditory Filterbank: AFB) ZHIH L T, AJMES s(n) ZwEndEl$5. 22T, B
"7 4% (Auditory Filter: AF) #k ZFIH L THEDEI X NTAES si(n) 13,
R TRINS.

sk(n) = s(n) * hy(n) k=12 K (3.1)
72720, * IZBAAABEET, hi(n) & AF #k DA VR EEERL, KX
AFB O#F v Y 3B ERT. 22T, s(n) &2 161 (K =16) 1Z7E3 5.
AFB ¢ L CTIIR (Infinite Impulse Response) 2 ® 6 X Butterworth 7 EGEE 7 1
L% (Band-pass Filter: BPF) #Z#|H3 5. ERBy IXEIEHE OREH 7 1 L 2D
WEIEZR L, &7 4 X OmEiEE, FlEEHEE (Equivalent Rectangular
Bandwidth: ERB) 12725 X 51T BIL 7. AFBIZEBIF 5 7 4 L X Difi (Fld ERBy-
number REIZIRS & SITHAE L 7 [41].

KT, W TE, XREHMAHLT, WEHDEIENAES s, (n) DR EHRIE L
i (TAE) en(n) ZHMIH 3 3.

er(n) = LPF[|sk(n) + jH[sk(n)]]] (3.2)

7272 L, LPF MBS 7 4 L& (Low-pass filter: LPF) %, H(-) & Hilbert (HT)
3. 22T, HIRAD 2K Butterworth THK X7z LPF 2FIHL, & v
N A7 B, 64 Hz & Lz,

LTI TiE, MFB ZHH L T ep(n) Zwi8nEl$25. 2L, 7408007
W2 X BERRINDHERERT 572012, FRlIC TAE OEFSD % R\ IREE
T, TAE % MFBIZAJ1 3 %. MFB OILIEEIZ, MF #1 ORIl TETRD
ZRELT, TOMTITRET. MF #kI1281F % TAE e, (n) iZATOR TR I 5.

ekm(n) = ex(n) * gm(n) m=12 ..M (3.3)
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72720, gn(n) & MF #k DA YV RAEE R, M MFB ORF v ¥ 32U %%
T ZITIE, ex(n) Z 6 (M =6) Z7EIT 5. 3£ 3.31C% MF OiliE %
RY. MFBIZMF #1120 Hz 25 2 Hz @ IIR 2D 5 X Butterworth 7 4 /L 2T
MR X N7z LPF %, MF #m (m = 2,3,...,M) 22 Hz > 5 64 Hz DT (2™1)
Hz OHRIE% 3O [IR A D 10 X Butterworth 7 4 L X TR X 417= BPF % #ll
H3 2. Z0%, exmn) ZRLAEDLE S Z 2T, ZHBEREGTEZSIEL - TAE
ep(n) ZIERT 2. én(n) XA TRINS.

ér(n) = Z_l ekm(n) (3.4)

TV T, RERRER (TSC) A L W7z TAE ORFEEEIC BT 2 WL
2179, OB OFEML, KETHBNRZ. TAE ORI KERLFICE LT, RiF
T IV TITb 3, EHEESOANRC, REHZ2HiNCRERIEE 25
T TXIE L. M3.4206M 3.7 2K RER L 7z TAE &N IMCs O—fil 2 7R3

EIZ, WV T, Persis (Narrow-band Noise: NBN) Wy (n) i e (n),
ep(n), F7IXIRFREHRERLE 28 TIER S L7z TAE Ey(n) DWW d TAE
ZRUTELTEESL, 2RBEFETRLEDE 2 Z 2 TNVS v(n) Z1EKT
5. Wi(n) ZBEESY 23S %2 AF THIBIEIT 2 Z 2 TERE LS. NVS u(n)
WU TORTRINS. B

v(n) = éx(n)Wi(n) (3.5)

k=1

3.4 BEffPREMENIE

MU TV TD TAE QR EHEEMUHE OGO W TERNS . %3, LB
KOS HIIR & 172 TAE é4(n) @ IMF fi(n) 293 2. TAE QBRI pr.(n)
KMIMF fi.(n) 3R TIN5,

pr(n) = arctan (H[ék(n)]> — 27 fetr(n) (3.6)

er(n)

0 n=>0

/rL pr
fk( ) { (Pk(")_I;I;("_l))fs +fc otherwise

(3.7)

7272 L, H(-) & Hilbert Z#1%, t.(n) IXKE %, f.1& TAE éy(n) OHLLRERE %
x7.
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i+ 3.1:

SRR ERNC BT 25l A 7 Y

FH7al) AR

PR DEHL TV +2
BHELTW3 +1
AR 0
BZELTwian -1

M DEEL TV | —2

& 3.2: FERTHH L =S AR OMFRR & 1RSSR

5 AL TAE OZFHE BRI D ALEE | TAE O Rf I o AL
A B, C, D (&M - -
a1, by, c1,dy - -
as, by, ¢, dy MEFH1, #2, 43, 44, #5, 46 -
as, bs, 3, d3 MF+#3, #4 -
ag, by, cq,dy MFE#3, #4 PR ] S i
asc, bsc, Csc, dsc MF+#3, #4 JFHE D A
asg, bss, Css, dss MF#3, #4 HRD A
assc, bsse, Csses dsse MF#3, 44 GR=IE e

& 3.3: % MF OaiEE

MF (ch) | i (Hz)
41 0~2
#92 2 ~4
#3 4~8
44 8 ~16
45 16 ~32
46 32 ~64

13




RIZEBIALSY fi(n) 1, TAE A N BBREZTEM (IMF) fi(n) OBHEE
e LCatE 5. IMF ORBIZESI S % & H T 2 720 QBRI A py (n) &K
RTHEEN3B.

N — arctan H[fe(n)]
Puln) = etan(p o)

72721, fAXIME fi(n) OHUDERTH 5. IMF ORBZER S f.(n) &, %
WL U 7= BRI 22 5 XA R A L TR

) — 27 feti(n) (3.8)

R 0 n=20
_fo ) 3.9
fr(n) {mm@ymm+ﬂ(Mmm% 39

T, IR ML CRIH 3 2 IR R AR AR (R REMR) a(n) 2
RDB7DiZ, XRAZMMALT, KEEBRTOMWEHE a) ERFRIED ¢, ZRD 5.

N S ) fln) = 3 taln) 3 fuln)

e YRV S (3.10)

N % #3(n (Eim7n)

> tu(n) fu(n)

Qk:&%TT44* (3.11)

S
B ERFILT, KR5S a(n) £RD 5.

aoo:1+w;ym@m>—q)>o (3.12)

ZZT, aMUGlE, AF #7, #8, #9»5HHIN/-MHZ DYIGE L E LD
Hfie zhrzhnRs. FEHPRETEMHEERR o) ZEOETH 208 H 505, HE
GRELG DEICE->TE, ADEE L 25E8XH 5. 2D, HE 25
270 LT, HEMEHERE (5 28AT 5. @*c%ﬁﬂfﬁ'”‘f‘ﬁk ()7 DIEEK
HTH 5 p ldxAcREINS.

0 1+a(t(n) —¢) >0
p(n) =< 1 L+a(t(n) —¢) =0 (3.13)
flogy (smier)]  1+alt(n) — ) <0
p = max(p(n)) (3.14)

MEZEMFIC L 2K a %, 38056 3.111RT.
RF2IT TAE é,(n) 12 L CIREREEMEZ1T 5 Z & T, RBFERIZ IMF ORFHZ
B 2 HIES 2. BREHEETHETEX, a(n) OED 1LLEDIBE é(n) FHEX
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N, aln) DMED 1 KMEDIGE é.(n) IZEMI N 5. REHRTEMOBEREICENT
1%, TAE ORI Y VO REKICIR 27280, 2% —EIRD 7= DI IR 21T
5. FREHEENE X172 TAE Ey(t(n) XL - TERE N 3.

N 0 n=>0
tn) = { t(n — 1) + At(n)a(n) otherwise (3.15)
At(n) =t(n) —t(n —1) (3.16)
Eg(t(n)) = Interp[éy(£(n))] (3.17)

7272, H(n) X, RERMBRREME S MR 0T > VR Z2R L, Interp[] IZ#HREIL
HERT, FUEEZEFEOE TERI N TAE O—fil%, X 312505 32312
ZANE
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Next
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Band Limited TAE, BPFB channel: 7, Modulation frequency range: 4~16 Hz
T T

Tg 0.04 T T
! |[— Origina TAE]
&
5 0.02 -
[}
Q
o
o 0 —
=}
E
= -0.02 !

0 0.2 0.4 0.6 0.8 1 1.2

Time (s)
IMF

15 T
|[— Orignal v

0 | | |
0 0.2 0.4 0.6 0.8 1 1.2
Time (s)
IMA
0.03 T
[— origina A

0.02

IMA

0.01

0 I I T
0 0.2 0.4 0.6 0.8 1 1.2

Time (s)
(a) TTOEH

%%Ihd Limited TAE(Processed), BPFB channel: 7, Modulation frequency range: 4~16 Hz

TAE of Speech signal

Reversed TAE
0.02 - i
0k i
~0.02 I I I I I
(0] 0.2 0.4 0.6 0.8 1 1.2
Time (s)
is Processed IMF
T T

Reversed IMF

(0] 0.2 0.4 0.6 0.8 1 1.2
Time (s)
Processed IMA

0.03

0.02 - b

IMA

0.01 - i

0 Il Il Il Il
0 0.2 0.4 0.6 0.8 1 1.2

Time (s)

(b) I R E AL
3.4: TAE & IMCs (%75 A)
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TAE of Speech signal

IMA

0.02
0.01

-0.01
-0.02

0.03

0.02

0.01

Band Limited TAE, BPFB channel: 7, Modulation frequency range: 4~16 Hz

L Original TAE ||

1.4
Time (s)
IMF
0 0.2 0.4 0.6 0.8 1 1.2 1.4
Time (s)
IMA
1.4

E
Eb 0.02
Z
S 0.0l [ 8
L
2 ok i
w2
S
S -0.01 B
m
= -0.02E ‘ ‘ ‘ ‘ ‘ ‘ e
0 0.2 0.4 0.6 0.8 1 1.2 1.4
Time (s)
Processed IMF
20 T T T
= i
T
= i
=
o \ \ \ \ \ \
0 0.2 0.4 0.6 0.8 1 1.2 1.4
Time (s)
Processed IMA
0.03 T T T
0.02 i
<t
=
0.01 B
o \ \ ! \ \ \
0 0.2 0.4 0.6 0.8 1 1.2 1.4

Time (s)

(b) W S R AL
K 3.5: TAE £ IMCs (%75 B)
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Band Limited TAE, BPFB channel: 7, Modulation frequency range: 4~16 Hz

= 00
5 Original TAE
Z 0.005
8
2 0
w2
<
S -0.005
5]
<
= -0.01
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Time (s)

0] 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Timé (s)

0.01

g 0.005
(0]
S =
(a) TLOEF
_ %a(glld Limited TAE(Processed), BPFB channel: 7, Modulation frequency range: 4~16 Hz
g . T T T T T T T T T
20
= 0.005
3
2 0
w2
S
< -0.005
51
<
= .00l \ \ \ \ \ \ \ \ \
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Time (s)
Processed IMF
T T T T
10 [——Reversed IMF|4
~
=
= 5 .
=

0.01

I
(0] 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Time (s)
Processed IMA
T T T

1
(0] 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Time (s)

(b) R R HR L
K 3.6: TAE & IMCs (7% C)
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Band Limited TAE, BPFB channel: 7, Modulation frequency range: 4~16 Hz

= 0.02
5
_: 0.01 B
51
g2 o 1
w2
Gy
< -0.01 B
m
= oo ‘ ‘ ‘ ‘ ‘
(0] 0.2 0.4 0.6 0.8 1 1.2
Time (s)
IMF
15 T T
g 10 -
[,
= :
0 \ \ \ \ \
(0] 0.2 0.4 0.6 0.8 1 1.2
Time (s)
IMA
0.02 T
0.015 |- B
<§: 0.01 - B
=
0.005 - .
0 \ T \ \
(0] 0.2 0.4 0.6 0.8 1 1.2
Time (s)
v =1
(a) TLOEFA
. Bo%n2d Limited TAE(Processed), BPFB channel: 7, Modulation frequency range: 4~16 Hz
< . T T T T T
5
2 0.01 B
=3
38
o 0 7
w2
e~
© -0.01 B
23]
= 00n ‘ ‘ ‘ ‘ ‘
) 0.2 0.4 0.6 0.8 1 1.2
Time (s)
Is Processed IMF
T
5 10 .
o)
= :
o \ \ \ \ \
0 0.2 0.4 0.6 0.8 1 1.2
Time (s)
Processed IMA
0.02 T T
0.015 B
%: 0.01 B
=
0.005 .
o \ \ . | \
0 0.2 0.4 0.6 0.8 1 1.2
Time (s)
(b) IRl S BRLER
Eo=—1
X 3.7: TAE ¥ IMCs (%7 D)
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1.5

Alpha

Alpha, ABE: ABEI, Process: Compress

05F

1.5

0 L
0 0.5
Time (s)

(a) Alpha (FE#ED &)

9 Alpha, ABE: ABE1, Process: Stretch

1.5+
<
S
<

05+
0 L L
0 0.5 1 1.5
Time (s)

(b) Alpha (#E®DA)
Alpha, ABE: ABE1, Process: Stretch & Compress

1.5

Alpha

05|

1.5

0 ‘
0 0.5

Time (s)
(c) Alpha (fREHH)

3.8: Alpha (& A)
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1.5

Alpha

Alpha, ABE: ABESad, Process: Compress
| |

05F

1.5

0 L
0 0.5
Time (s)

(a) Alpha (FEfEDHA)

Alpha, ABE: ABE3ad, Process: Stretch
2 . ;
1.5+
<
S
<
05r
)
0 0.5 1 1.5
Time (s)

(b) Alpha (ffiEDHA)
Alpha, ABE: ABESad, Process: Stretch & Compress

1.5

2
1.5+
2
a1
<
0.5+
0 L L
0 0.5 1
Time (s)

(c) Alpha (ffiRJEHHE)

3.9: Alpha (F/ B)
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1.5

Alpha

Alpha, ABE: ABE4ad, Process: Compress
| |

05F

1.5

0 L
0 0.5
Time (s)

(a) Alpha (FE#ED &)
Alpha, ABE: ABE4ad, Process: Stretch

1.5F

Alpha

05+

0 L
0 0.5
Time (s)

(b) Alpha (fHE®DA)

4ad, Process: Stretch & Compress

1.5

Alpha, ABE: ABE

2

1.5¢
<
s 1
<

05r
0 L L
0 0.5 1 1.5
Time (s)

(c) Alpha (fREHH)

3.10: Alpha (F/H C)
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1.5

Alpha

Alpha, ABE: ABES ad, Process: Compress
| |

05F

1.5

0 L
0 0.5
Time (s)

(a) Alpha (FE#ED &)

Alpha, ABE: ABES ad, Process: Stretch
2 . ;
1.5+
<
S
<
05+
)
0 0.5 1 1.5
Time (s)

(b) Alpha (fHE®DA)

Sad, Process: Stretch & Compress

Alpha, ABE: ABE

2

1.5+
<
s 1
<

05r
0 L L
0 0.5 1 1.5
Time (s)

(c) Alpha (fREHH)

3.11: Alpha (/& D)
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TAE of Speech signal

%a&d Limited TAE(Processed), BPFB channel: 7, Modulation frequency range: 4~16 Hz
. T T T T T
Original TAE
Processed TAE
0.02 a
0 -
-0.02 1 1 1 1 1
0 0.2 0.4 0.6 0.8 1 1.2
Time (s)
s Processed IMF
T T
Original IMF
- — Processed IMF
N1 .
) 0
a9
= f
0
0 0.2 0.4 0.6 0.8 1 1.2
Time (s)
Processed IMA
0.03 \ \
Original IMA
Processed IMA
0.02 A
<
=
0.01 i
0 | | |
0 0.2 0.4 0.6 0.8 1 1.2
Time (s)

3.12: RifEHEVLEE L /= TAE ¥ IMCs 5/ A)
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d Limited TAE(Processed), BPFB channel: 7, Modulation frequency range: 4~16 Hz
T T T T T T

TAE of Speech signal

Ban
0.04
—Original TAE
Processed TAE
0.02 *
0 -
-0.02
0 0.2 0.4 0.6 0.8 1 1.2 1.4
Time (s)
s Processed IMF
T T T
—Original IMF
— Processed IMF
N 1 i
E 0
a9
= f
O | |
0 0.2 0.4 0.6 0.8 1 1.2 1.4
Time (s)
Processed IMA
0.03 \ \ T
— Original IMA
Processed IMA
0.02 *
<
=
0.01 *
0 | | | | | |
0 0.2 0.4 0.6 0.8 1 1.2 1.4

Time (s)

3.13: RfHENFE L /- TAE ¥ IMCs 5/ A)
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TAE of Speech signal

%a(r)lf Limited TAE(Processed), BPFB channel: 7, Modulation frequency range: 4~16 Hz
. T T T T T
Original TAE
— Processed TAE
0.02 8
0 -
-0.02 1 1 1 1 1
0 0.2 0.4 0.6 0.8 1 1.2
Time (s)
s Processed IMF
T T -
—— Original IMF
— — Processed IMF
N | B
g 10 VAR
a3
2 s -
0 | | |
0 0.2 0.4 0.6 0.8 1 1.2
Time (s)
Processed IMA
0.03 \ I
— Original IMA
Processed IMA
0.02 8
<
=
0.01 8
O | | | | |
0 0.2 0.4 0.6 0.8 1 1.2

Time (s)

3.14: RifEHREMULIE L 72 TAE £ IMCs (F/E A)
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Band Limited TAE(Processed), BPFB channel: 7, Modulation frequency range: 4~16 Hz
T T T T T T

=
§ 0.02 - —— Original TAE |/
kZ Processed TAE
S 0.01 .
Q
2 0 i
w
[
© -0.01 -
84
= -0.02 1 : :
0 0.2 0.4 0.6 0.8 1 1.2 1.4
Time (s)
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20 T T T
Original IMF
~15F Processed IMF |
N
<)
. 10 -
=
5 |
0 | | | | | |
0 0.2 0.4 0.6 0.8 1 1.2 1.4
Time (s)
Processed IMA
0.03 \ \
Original IMA
Processed IMA
0.02 i
<
=
0.01 -
0 | | | | |
0 0.2 0.4 0.6 0.8 1 1.2 1.4
Time (s)

3.15: RS EHEVLEE L /= TAE ¢ IMCs (574 B)
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Band Limited TAE(Processed), BPFB channel: 7, Modulation frequency range: 4~16 Hz
T T

0.02 + —Original TAE |
Processed TAE

TAE of Speech signal
o

0 0.5 1 1.5
Time (s)
Processed IMF

Original IMF
Processed IMF ||

IMF (Hz)

0 0.5 1 1.5
Time (s)
Processed IMA

0.03

Original IMA
Processed IMA

0.02

IMA

0.01

Time (s)

3.16: REHENF L /= TAE ¥ IMCs (574 B)
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Band Limited TAE(Processed), BPFB channel: 7, Modulation frequency range: 4~16 Hz

=
& 0.02 Original TAE |
RZ Processed TAE
5 001 .
]
2 0 i
1)
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© -0.01 -
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5 -0.02 1 1
0 0.2 0.4 0.6 0.8 1 1.2 1.4
Time (s)
Processed IMF
20 T T T
Original IMF
15F Processed IMF ||
N
<
. 10 -
=
5 _
0 | | | | | |
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0.03 \ \ \
Original IMA
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0
0 0.2 0.4 0.6 0.8 1 1.2 1.4

Time (s)

3.17: RifEHEEMEILFE L= TAE ¥ IMCs (F7F B)
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1(3)and Limited TAE(Processed), BPFB channel: 7, Modulation frequency range: 4~16 Hz

= 01
5o Original TAE
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S
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n
S
© -0.005 - N
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ﬁ _001 L L L L L L L L L
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——Original IMA
Processed IMA
é 0.005 - N
=
0 |
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Time (s)
B 3.18: WFREEMLE L 72 TAE & IMCs (&7 C)
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Band Limited TAE(Processed), BPFB channel: 7, Modulation frequency range: 4~16 Hz

Original TAE
Processed TAE ||

Il Il Il Il Il
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Q
8
2 0
n
[
© -0.005
2
= -0.01
0
10 |-

Original IMF ||
Processed IMF

|
00 0.2 0.4 0.6 0.8 1 1.2
Time (s)
Processed IMA
0.01 \ \
Original IMA
Processed IMA
§ 0.005 - .
0 | | | | |
0 0.2 0.4 0.6 0.8 1 1.2
Time (s)

X 3.19: KRN L= TAE ¥ IMCs (F&E C)
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16 Hz

Band
0

0.005

TAE of Speech signal
(e}

Limited TAE(Processed), BPFB channel: 7, Modulation frequency range: 4~

Original TAE

Processed TAE

0 0.1 0.2 0.3 04 0.5 0.6 0.7 0.8 0.9

IMF (Hz)

0.01

Time (s)
Processed IMF
T T T T T
— Original IMF
= —Processed IMF
-\

1
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

Time (s)
Processed IMA
T T T

T
Original IMA
Processed IMA

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

Time (s)

X 3.20: KEEHAELHELI L 7= TAE & IMCs (%7 C)
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_ %%%d Limited TAE(Processed), BPFB channel: 7, Modulation frequency range: 4~16 Hz
< . T T T T T
5 Original TAE
@ 0.01 - Processed TAE |4
=
Q
5]
=9 0 ]
n
(3
©-0.01 .
m
<
= -0.02 1 1 1 1 1
0 0.2 0.4 0.6 0.8 1 1.2
Time (s)
Processed IMF
15 = T T |
Original IMF
s Processed IMF
N -
T 10
53
= 1
0 | | | | |
0 0.2 0.4 0.6 0.8 1 1.2
Time (s)
Processed IMA
0.02 T
Original IMA
0.015 - Processed IMA |
§ 0.01 F .
0.005 - .
0 | | | |
0 0.2 0.4 0.6 0.8 1 1.2
Time (s)

3.21: RifERELEE L 7= TAE ¥ IMCs (57 D)
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TAE of Speech signal

IMA

%aélzd Limited TAE(Processed), BPFB channel: 7, Modulation frequency range: 4~16 Hz
. T T T T T T
Original TAE
0.01 ——Processed TAE |-
-0.01 i
-0.02 L L L L L L
0 0.2 0.4 0.6 0.8 1 1.2 1.4
Time (s)
s Processed IMF
T T T
Original IMF
— Processed IMF
N .
) 10
oo
2 5 1
0 | | | | | |
0 0.2 0.4 0.6 0.8 1 1.2 1.4
Time (s)
Processed IMA
0.02 \ T \
— Original IMA
0.015 Processed IMA |
0.01 i
0.005 A
O | | |
0 0.2 0.4 0.6 0.8 1 1.2 1.4
Time (s)

3.22: KfHEMM L7 TAE £ IMCs (%775 D)
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_ %a(r)lzd Limited TAE(Processed), BPFB channel: 7, Modulation frequency range: 4~16 Hz
< . T T T T T
5 Original TAE
"z 0.01F ——Processed TAE |
<
Q
8
wn
Gy
©-0.01 .
89
ﬁ _002 1 1 1 1 1
0 0.2 0.4 0.6 0.8 1 1.2
Time (s)
Processed IMF
]5 [ T T |
—— Original IMF
— — Processed IMF
N -
= 10
o9
2 s -
0 | | | | |
0 0.2 0.4 0.6 0.8 1 1.2
Time (s)
Processed IMA
0.02 T \
— Original IMA
0.015 F Processed IMA |
§ 0.01 .
0.005 N
O | |
0 0.2 0.4 0.6 0.8 1 1.2

Time (s)

3.23: IKMEFREMILE L 7= TAE & IMCs (&7 D)
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F4E KRERFEULIEICEKZRERED
21t

fl:@ NVS 4@ (33, b37 Cs, d3) Z H#FEﬁ}i$£{ Lf: TAE 78*%0 NVS 4@ (34, b4, Cyq, d4),
8D NVS ZHIH LU THEE 4 21To 7. EBICHW - FARRETE 56 f, KBk
DR ENZF 10 T TH 5.

4.1 &K

Unoki 5 OF5E [27] TlX, FER L7z TAE Z##2 NVS [A 0 BEEAIRIC
DWTHET SNz, JED NVS TlE, IHHICEBERORREICEN R oz, KE
KL L7z TAE 2D NVS AL TIIBBKOBREDEDN R KRofe. ZOELD,
R LN & > T, TAEIREEFN 2 BHEBHAEDOFER2 D B L2 i
X2 CARET % &, WKL L 72 TAE 2+ NVS 37D NVS IR TE
HEMEBT 2 EZ o0 5. i, REKIRLEIZE > T, TAEIZEEN 2%
EEHMEOFTRL D) BERINZ LIS X 2B IRNET 2, REIKIEL 7=
TAE Z 5D NVSIZTTD NVSITHARTEREBEE M T2 e EZ 65, Y EDR
M EZ T, ER4%iTo7.

4.2 EHERGER

£ 41 ROK 4.1 ICER 4 DR ERT. ROXOMENIZEROREERL,

AR Z VI EFEEPHEMANCE CHE SN TVWE Z e 2RT. MR s, 8d
EDIEE D E N D25 dg, ¢, a5, dy, bs, by, ag, cg DIEICHIRNZ ¥ 250 H o7z, TAE
ZER Y F 5 1 EK 8 /KED BT DAER, HRRIBIIN T 2 ERRFD 5
N7z (F(7,651) = 30.04,p < 0.01) . KR L7z TAE 282 NVSIZITD NVS
EHARTRBKOBREIMEL, by ITF o 7.

4.3 ER

A DOFER XD, FEEKEE L 7= TAE 25 NVS OBEEIZ LD NVS & b K
BT A ZenREINT. FKELE L7z TAE 23> NVS [+ 0 BEOFEE D2
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WL I o7=DiX, TAEICEEN 2 ZHBHIEDF230 0 A Lz 2 & »EK
PrEzZ2oN3. Zhkh, BHEAEOFER,D & LT, REKIEEWHEIC X ->T
ZLERDBEETH S Z e BRI,
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® 4.1: FHR4 OFER

TRV | BEKORE

ds 0.4598

Cs 0.2232

as 0.0357

dy —0.0357

bs —0.0491

by —0.1964

ay —0.2009

Cy4 —0.2366
L gatpftay e dy
1.0 0.8 0.6 0.4 0.2 0.0 0.2 0.4 0.6 0.8

X 4.1: B4 OFER
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&R 4.2: EF 4B 208 NR

ZH EAR BHHE NMEoEC FfE pfA
FRR 89.86 7 12.84 30.04 0.0000
ERER XA | 286.0 91 3.143 7.354  0.0000
HHAGHLERER | 7.571 21 0.3605  0.8436 0.6659
JIE % 5 14.33 1 14.33 33.53  0.0000
JIEFE X A& A 35.99 13 2.768 6.478  0.0000
Eyas 278.2 651 0.4274
2R 712.0 784
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$£r8 KREHBEREREULIEICK ZEE
RROZAL

R 4 THIF L7z NVS 8 # (as, bs, c3, ds, ag, by, cq, dy) & REEEMELE D &4 X
7z TAE % 3D NVS 4 (asc, bso, s, dsc), REEHELED A X172 TAE %
D NVS 4 8 (ass, bss, 55, dss), WREHREMUHE X7 TAE Z %D NVS 4 f#
(assc, bssc, Csscs dssc), a1 20 HD NVS ZFHWTEER S Z21To 7. EBRICHWAH
FERIETIE 380 %f, FEEED FEHMERFEIEHK 90 0 TH 5.

5.1 &K

TAE ORI E ML ZFH LT, REEEL 72 TAE @ IMCs 2§ L 7=
TAE %25 NVS Z1ER L7, B4 OFEED, TAE © IMCs DEWIZE 23D
PYRET 3y, KL L 7= TAE @ IMCs 284 L 72 TAE ##> NVS 0 &d
RO, FKEE L7 TAE 235 NVS L ARk T 3 e &2 60 5. #
D=, R EEMELE L7 TAE 255 NVS OB HEKIXER T2 e EZoh
. UEoR#EHERE 2T, EB5Z2{To7.

5.2 EERER

RD IS WCEBEREEBELTRIRT 5. 3, K511, £NVS OFERER
TR, RH2RUK 5212, ag 225 dy, asc 205 dse D NVS 8 FDAERICD
WTHRE L7z D% RT. BHIZ, RH3IMIKE31Z, ag 225 dy, ass 225 dss D
NVS 8 HDFHFRIZOWTIHRE L 72 b DZRT. BRI, KH54AKMUIK 5412, ay
5 dy, asse 25 dsge D NVS SEOFMERIZOWTIRL 2D DERT. ZhbHDN
&, FEEMD A, FEHREDA, REHREMZHL 2L X2 ORRICHINT 5.

TAE ZZ2R & § 2% 1 BH 20 KEDDE AT EITo 7. Z DR, HERIEIIT
THEMRIED SNz (F(19,4869) = 1384, p < 0.01) . ay 25 dy 1&, Ehi4
CFEBRIZ, TEDNVS (a3 226 dy) & D, BHROBEENMRV. £, FIMRED
TR, ag, bs WAL, ass, bsg, assc, assc (EEGHERDOEENHRIZEWY (p < 0.01).
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-1.0

& 5.1: EER 5B 2 08INE

HIK SEAM HHEE NMEOEC FME pfE
FRhE 1193 19 62.79  138.4 0.0000

FRE X AN | 1172 247 4.746  10.46 0.0000
THAEDENR | 80.22 171 0.4691  1.034 0.3676

JIE 73 5 7.823 1 7.823  17.24 0.0000
ERE X & A 85.37 13 6.567  14.47 0.0000
B 2209 4869 0.4538
ESXIN 4748 5320
asg d
R L I o
-0.8 -0.6 -0.4 -0.2 0.0 0.2 0.4 0.6 0.8

5.1: B 5 OFER
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& 5.2: HER 5 ORGIR (IRFf] SO AP & IRe ] FEAE LR O LR

TV | B O
dsc 0.4857
Csc 0.3714
dy —0.0232
asc —0.0232
bsc —0.1161

Cy —0.1821
by —0.3089
ay —0.3268

b dsC
az4 C4b5cd4 Csc dSC
-1.0 -0.8 -0.6 -0.4 -0.2 0.0 0.2 0.4 0.6 0.8

B 5.2: FBR 5 DFGFR (RF SRR AL & IR R E AR AL o HLED)
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& 5.3: B 5 OFGR (R SR & IRp R AL O LR

70V | B OIRE

dss 0.3286

Css 0.2411

d, —0.0232

Cy —0.1821

by —0.3089

a4 —0.3268
ass —0.4464
bss —0.5018

ass b
bss 5 agt ¢y dy  Cssdss

PR R S S T T N RN W WA N B
[

ra a3

-0.8 -0.6 -0.4 -0.2 0.0 0.2 0.4 0.6 0.8

B 5.3: FBR 5 DFGR (RFHSCERALE & IR R RALFE o LHED)

45



& 5.4: HE 5 OFGR (R SR L & IRp R R FEARALEL oD LER)

7~V | BEROIRE
dssc 0.4679
Cr8C 0.2679
dy —0.0232
Cy —0.1821
b4 —0.3089
ay —0.3268
assco —0.3946
bssc —0.4036
o bSSE e Ay esse dese
-0.8 -0.6 04 ) -0.2 0.0 0.2. 0.4 l 0.6 0.8

-1.0

5.4: SR 5 DAER (R SCERALH & R R (R A AL D LR
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53 &8

EKER S OFER X D, FREHEEMEUEE L 72 TAE 282 NVS O—E823, IR i
L7z TAE 2D NVS ¢ [FARREIERWEEROEE 2RO Z e Wb o 7. K
K5 L7z TAE @ IMCs 1235200 2 0LI2 & - T, FfEIKEE L 7= TAE 255 NVS
Y AEDBERD D E 7= Z 225, TAE O IMCs S EE A O [E B 72
FHLDTH B ehIRENTz. 72720, REHETEMHELEIC X - CIFffEREHE
OB R ONL o= NVS b Hotz. ZORICET 2ERIE, KETHRS.
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FOE AFEE

IREfE [ #s U 72 TAE 2 F82 NVS O BHEAI R I3 2 5% LT, TAE 12N
T AR KR X B, NVS OEBEEOE RO ZIC OV THET Lz, KK
B L7z TAE 1, BERBRMRICHEEREHRBEPBRISZ 58 TAE TH 512H 0
D5, JTOTAE XD dFh Kb Twiz, kb, BERATOER
HI7F03 D & LT, ZHBERBUIE L W o 7= BRI R 7 25 30 B U8 0 72
JCIE AL, BRI R LR b EEREH X2 T 5 Z e R E .

REE R EME L 72 TAE Z2#55 NVS OB EEAI R ICBE3 2 E 2B L T, TAE
WS B R R ML X - T, B4 TR ORIz X 2 88
EOIKRZ AT E 208 5 RET L7z, HROD TAE O IMCs IS0 % X 512
BIEST 22T, JTONVS ZRRD NVS OBEEKOEBIIEOTZ e N TE
2. O ens, REEKEELIZ X3 NVS OBEEOZ{kiZ, TAE @ IMCs @D
ZAITERN T 3 Z L R X 7.

BARE 72 BRI DRI B S N 22 o 72 NVS IO WT, FiZe, deoRY 7
ENEROED R TER o7, T DEF OREHE ML B W
T, IMF OFEZER T DEERRKENZ 5, FEHREEMHRE a(n) OEE
25, MEEIHIRE (Sp s Ko TS T, LR XD, SRR R AR
R a(n) OEHTETIE, IMCs OFBZ{LORBE X N TE T, RFRRIEL
72 TAE @O IMCs i T2 Z e W TE RPN o/ EZLNS.
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EBTE Ee

7.1 FAHAETHSIMIE-T-C &

AWZETlE, TAE @ IMCs DOl & 2 NVS OBEHBEHI R D Z(LIC OWTHEE]
U7z, TAE OZ B EGEE N VR rEER A #4E U 7= NVS ZERC L, BEENSEER %
HLTREHEOZEROBEEZ IR L. EBROBE, XOZehnbdrol-.

(i) TAE 3EF OEEEIEDOF00 0 22T,

(i) BSEEAI I BEA T2 D b7 3 EHERERNE, 4 Tz 55 16 Hz %
COLEREBRIEERTDH 3.

(iii) TAE DR KR X - T NVS OB BB KR T 5.

(iv) TAE ORE{HETMELE % FHWT IMCs 2§52 2 & T, —HOMERER
&, FER AL X 2 NVS OBHEBEOZ (L HBITE 5.

M EOHERD S, FHEOBEBAEICE T TAE © IMCs BEERIZ-6 2%
LYEZLND.

7.2 REIN/-FFE

AL TIE, TAE @ IMCs D& H ORHEBHRICHEL 52 5 Z e DPHLIC
oz, 7272 L, SZENE TAE @ IMCs OEAEIC & 2 ZEEROERIC O AFEH L
MEte 72 o 7. TAE @ IMCs & &7 O BB BEHIE O BRI O W TEHMICHET S 5
7oizld, BEBHIEOHEM S HEFIC AN MG OLETH 5. £z, EKEPR
HELA OIEEEEEIRAR OMENC HILR T 2T, TAEFERE IS EHERAE
DEARIZOWTHIZHIAN R 5.
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T 8]A HEER

N E R DFEBRRAE

FEER1-1 e LTRERBER 4/ (A, B, C, D), FEBi1-2 & L TNVS 48 (a, by, cq,dy)
AW THERESEER 21T - 7.

KERSINEZ THTODIN—TI3T, RADTN— S35 1-1, FhE1-2
DIETITV, IR HFDIN—F X ZDORMNDIETITS. ZHuc kb, IEFHE
WX BEREEHKUENVS OB EROREEDFHNDEELMNZ 5. EECHW-E
FRIBOSHE 2 e 12 0, EBROFERMR RN 10 7 TH 5.

A1l IRER

FEATIRGE X D, JEEA & NVSIE, BEROREE DK X X12HD = HHE R I
NzBRIZ, FRRDU SRS 2 Zepbhrolz 27, ZOMFRICE S e, FE
Y NVS OBEEOBREDW NZFE K eEZ NS, UEEREEXT, HE
Bi1%21To7-.

A.2 EEER

ZAIKRUCKALICER1-1 JREH) OfRRZ, RA2NUKA2IC5E1-2
(NVS) OfERZRT. FHEHIZEEROEEIFIEZ L C, D, B, A DIEICEH
WZ ehbhole., TAE ZEK Y % 1 B 4 KEDEHT OFER, &l
RS 2 ERHRAEED Sz (F(3,109) = 184.2,p < 0.01) . ZAUIXT LT, NVS
XESHEDFEEDS dy, ¢q, by, DIEIZEWI e 3bh o7z, 1 EK 4 KEDHSY
MroREER, SRR 2 ERRFED Sz (F(3,109) = 36.73,p < 0.01) .
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xR AL FEBR11 (REA) ORGSR

7NV | BEROIRE
C 0.7232
D 0.4286
B —0.2857
A —0.8661
v-0.8 -0.6 -0.4 - -0.2 0.0 0.2 0.: 0.6 N 0.8

-1.0

Al EE -1 (FEF) offR

o1

1.0



® A2 B2 GESERREIEF) ORMR

Z~0L | B HEROEE

d 0.3661

c 0.2589

by —0.2500

ay —0.3750

a; by ¢, dq

||||||||||||||||||| ’ 1 1 1 1 L 1 1 1 1 1 1 1' . 1 1 1 1 L 1 1 1 1 1 1 1 L 1 1 J
1.0 0.8 0.6 0.4 0.2 0.0 0.2 0.4 0.6 0.8 1.0

A.2: 3R 1-2 GESERENER) DGR
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& A3 HE -1 (FEH) BT 20 R

ZR AR HHE NMEaEt FfE pfA
BSOS 172.3 3 57.43 184.2  0.0000
FERER XA | 19.70 39 0.5050  1.619 0.0271
fHAGDHERNER | 1.589 3 0.5298  1.699 0.1716
JIE 5% 5 0.7202 1 0.7202  2.309 0.1315
NER X A 2.696 13 0.2074  0.6651 0.7928
R 33.99 109 0.3119
SN 231.0 168

& A4 HEL-2 GEEREIEF) B 2 08OR

H &
3

2R SR NMETE FME pfE

FHR 45.27 15.09  36.73 0.0000
R X EA | 51.98 39 1.333  3.244 0.0000
HABDERE | 1.304 3 0.4345  1.058 0.3702
JE 50 SR 2.381 1 2.381  5.796 0.0177
JIER X fEA 10.29 13 0.7912  1.926 0.0346

E 44.78 109 0.4108

XL 156.0 168
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A3 EZE

FER1-1 R OEER 12 DFER XD, NVS OZHEEKOBEEDW L, JFEF & Ak
DO ZE B2 Z 2Rz, BARINICIE, a, b2 IR U7X N EHDE
HEOEENMEL, ¢, d 2 IR) VXN EROBRBEKOEELEG V. DEX
D, NVSIZRFEN/ TAE ZREBAEDOFELr D 2 G EZ NS, i,
Z DFERIX, Unoki & DHFFEDFERZZH5 5.

7272 L, Unoki 5DHWIZEY DHEM LY LT, NVS EJREA Tc & d DEHEKD
BRENANEDLIHETFRRON-Z b, KOKEMR EIZHEWTNVS OZEKD
BENFREEICHRTEIMEE > TWE I eREIToN 3. AERTIE, $50
KERSINE DR E % [ < BN NVS OfHfi 21T o72. ZOShE 6 1%, NVS JEHL
DI T 73 TR, POFEEREPHEONFMBTFILD ZETVRV. R
BENPOLELNE Xy = BRPEARRFE R Vo 7o E BRI, EF0TH
P REMOFEICHELE X 2. TDD, ZOIEFNMEICX 222N /-
EBED, BHEOBEDOSRZDIRIHE» 52 - EZLNS.
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T £&xB ZEBRIMFICE
BRI

H
i
o

B.1 ZRET74IENIDRE

MFB ZHIH LR WTHERR L7z NVS 4 % (a;,by,¢1,dy) & MFB Z#]H U TERK
Lt NVS 4 f# (ag, by, ¢z, dy), &t 8D NVS ZHWTHEER 2 21T-72. EEITHW
RO 56 X, SEBRD SZHERFRENEK 10 7 TH 3.

B.1.1 &5k

JATHIZETIX, MFB OFBEHEIC X - T NVS OBEKOEE ¥ Z il NIz iE VI

WTERD o7 28], ZOMRKUIFER1 OFRICE S, MFBZAMHLT
ERL L 72 NVS &, MFB ZRH L2 WTER L7 NVS EFEIERIZ, a, b2 IR ¥
7 &N NVS OBHEMEK L, ¢, d ¥ IRV ¥ 7 E iz NVS OB E < HIH
Xz eEZ6NS. £/, FUREBEELOIERINZNVS (RIL7LT7 7Ry
FDONVS) OBBEKOEEIXFEREE IR eEZONS. MUEEBEEZ T, FEh
2K T 7.

B.1.2 EERER

K B.1 MU B.1ICHEE 2 DFERERT. BEEOBEEIE WIS di, ¢, ¢, da,
by, by, ag, ay DNEICHERNZ £ A3bh o7z, TAE ZEHRK ¥ 32 1 EKX 8 KHEDITED
M ORER, HHRFICN T 2 ERRIED oh iz (F(7,651) = 78.66,p < 0.01) .
F7, FUHEE? GRS N NVSFETE (a3 & ag, by & by, ¢1 & ¢a, dy & dy)
DINCHREET R - 7.

B.1.3 #Z%¥

EE2 DR XD, MFBOEHEICEOLS TS, ¥556DNVS ORBEROEE L Z
DA RO THEREIREDOREDS R Sz, MFBZAIH L2212k % NVS D
BHEBAEOZ(LL R SN h o778, TAE 1233 3 MFB ALFHIZ NVS 0 &d
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BABISHERZ G20 EeEZbN 5. £, ZOMRIE, KRESDOMHEDORR
X 5.

o6



+ B.1: %52 OfEHR

TNV | BHRORRE

a4 0.4062

o 0.3750

e 0.2091

d 0.2500

by ~0.2411

b, —0.2455

a —0.3661

a 04777
,,,,,,,,,,,,, a; 42 bsb, 0 doCody
1.0 0.8 0.6 0.4 0.2 0.0 0.2 0.4 0.6 0.8 1.0

K B.1: 56k 2 OAGE

o7



R B.2: FEER21CBIT 2080 #E

2K EARM BHE MEPEC FE pfE

EXVES 210.2 7 30.02  78.66 0.0000
ERR XA | 171.6 91 1.886  4.940 0.0000
HHAGHLERER | 11.59 21 0.5519  1.446 0.0898
[[IE{SZVIEES 11.51 1 11.51  30.16 0.0000
EF X A 19.68 13 1.514  3.967 0.0000

R 248.5 651 0.3817

2R 673.0 784

o8




B.2 BELZTARREEEICOWT

0 Hz 2> & 64 Hz OZFAEIRBUTIRZ F5O NVS4 FE (ag, by, co, do) & 4 Hz 525 16
Hz O 2 E M BURIECE £5D NVS 4 & (a3, bs, cs,d3), & SMHD NVS %\ TEER
3 %17 o7z, EBUCH OB AR 56 %, FEBRD EHREIIZH 109 TH 5.

B.2.1 k%

FATHIZETIE, MFB % W C LB % Hl# L 72 TAE 285 NVS Z1E
JRU, ZDEREKE S 5 2 & C, BRI H B 2R ARG I oW T
AT U7z 28] 2 DFER, £ TOLEREBREETER (0 Hz 225 64 Hz) 28T NVS
¥ 4 Hz 7205 16 Hz OZHEEATISE O NVS 285, FREDZIEEORLE L if
ZROZEAIRENT. ORI UPER 2 DIERITHE S &, 4 Hz A5 16 Hz
DR PRI Z RO NVS 1%, 0 Hz 2> 5 64 Hz QLT EECHIEZ £52 NVS
LEBRIZ, a, bl IRV Y IENNVS DFBEEIEL, ¢, d e INY ¥ 7EN
ZZNVS oBHEr @RS e EZ NS, $, RUEER»LEREN
7= NVS AL oBEROBEIIFAREICR L e ExONS. D EEEEZT, FR
3&iTo7z.

B.2.2 ZEEER

£ B3 MUK B2I1CEE 3 DFERERT. BHEROBEENENGH 5 ¢y, dy, c3, ds,
by, a9, a3, bs DIEICHIRNZ ¥ ASbh o 7. TAE ZHK ¥ 32 1 EK 8 KHED 7 E
HrofsR, BHEREICHT 2 ERRIED sh - (F(7,651) = 51.96,p < 0.01) .
¥72, ag,as, by, by D672 B TR TOMAGHLEDOMICHEEZIX R o7, [ARIC
C2,C3,da, d3 225722 TR TOMAGDLEDRICHEREZEII R o 7.

B.2.3 Z%&

EEE 3 ORER XD, ZHREFRETEHOE WML ST, 550 NVS OBEKD
R Z Dl Iz oW THERFEEOMEN R SN 2 Z e b o 7. ZHERE
BoHR Xz BT, £ ToORMBESLNVS LR CLBERERO e, Z0D
ZHE BRI BB AT OERLRFERIL DR EENRTWEEEZI OGNS, DL
k&b, BEBHEICEERETFERE X, 4 Hz 205 16 Hz OZF B BB
BrrrEZONS. IO RIE, KRALOWMITOMREELZIFT 3.
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1.0

& B.3: FH 3 OAER
7~V | BHRORE
Co 0.4018
do 0.3482
cs 0.2098
ds 0.1830
bs —0.1696
ao —0.3214
a3 —0.3214
bs —0.3304
d3
i B3y by dacgdacy
1.0 0.8 0.6 -0.4 -0.2 0.0 0.2 04 0.6 0.8
B.2: FH3 OiaH
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=& B.4: EER 3 12BN ER

2K EARM BHE MEPEC FE pfE

F3R 157.9 7 22.55  51.96 0.0000
ERER X EA | 199.0 91 2.187  5.039 0.0000
HAGDLERER | 9.705 21 0.4622  1.065 0.3822
[[IE{SZVIEES 7.367 1 7.367  16.97 0.0000
NER X EA 23.49 13 1.807  4.163 0.0000

R 282.6 651 0.4340

2R 680.0 784
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