&

B RERE TITBITS
& 5 &I B3 A4

W

o=t

5110680374

SRR 10— 12 4EHERERFE 24 4 (RARFTZE(C)(2)

W TR R &

Rk 13 4E 3 H

MFERER AR EA
|z S S NS SN SR R R S e



SR

1. 13L&
1.1 HFFEHAk 2
1.2 WFgEReE 2
1.3 WFgEFE 2
2. MR 8
2.1 BFFEDONLE T 8
2.1.1 HHEDOTE 5 8
2.1.2 WO HR 8
213 HIEOERE 9
2.2 BROBEL 10
221 FzNE 10
2.2.2 HAEIRA 11
2.2.3 HIR5BE 34
2.2.4 HHGIHN R (FEBREEDSR) OE7T /UL 43
225 HiRJTmHEE 44
226 FL 50
3. WFFERER (I Ekam 3L H 7K) 55

[1] ZKET, ZRAK(1999). "~ A raRy ko HWEARI VYT N7 a KM R EIET &
FIEHRIE(E P RS, J82-A, 4, 503-512.

[2] Mizumachi, M. and Akagi, M. (2000). "The auditory-oriented spectral distortion for evaluating
speech signals distorted by additive noises,” J. Acoust. Soc. Jpn. (E), 21, 5 251-258.

[3] Unoki, M. and Akagi, M. (1999). "A method of signal extraction from noisy signal based on
auditory scene analysis," Speech Communication, 27, 3-4, 261-279.

[4] #BA. FRA(1999). "HER DIF SfRMTICE DWW HES T OFRAE o5 O—HhlitE” E1-1F
AR5 a0, J82-A, 10, 1497-1507.

[5] Unoki, M. and Akagi, M. (2001). "A computational model of co-modulation masking release,"
in Computational Models of Auditory Function, NATO ASI Series, 10S Press, Amsterdam. (in
printing)

[6] Ito, K. and Akagi, M. (2000). "A computational model of auditory sound localization based on



ITD," In Recent Developments in Auditory Mechanics, World Scientific Publishing, 483-489.

[7] Itoh, K. and Akagi, M. (2001). “A computational model of auditory sound localization,” in
Computational Models of Auditory Function, NATO ASI Series, 10S Press, Amsterdam. (in
printing)

[8] Akagi, M., Mizumachi, M.,Ishimoto, Y., and Unoki, M. (2000). "Speech enhancement and
segregation based on human auditory mechanisms", Proc. 1S2000, Aizu, 246-253.

[9] Mizumachi, M. and Akagi, M. (1998). “Noise reduction by paired-microphones using spectral
subtraction,” Proc. ICASSP98, I1, 1001-1004.

[10] Mizumachi, M., Akagi, M. and Nakamura, S. (2000). "Design of robust subtractive
beamformer for noisy speech recognition,” Proc. ICSLP2000, Beijing, 1\VV-57-60.

[11] A AR, BBA, FRA(2000). &I HPE LRI MR A 5 8 L 7= M & BREE L 610 2 H A S8 e o o™
RSN AT E R H-2000-81.

[12] Unoki, M. and Akagi, M. (1999). "Segregation of vowel in background noise using the model
of segregating two acoustic sources based on auditory scene analysis”, Proc. CASA99, 1JCAI-99,
Stockholm, 51-60.

[13] Akagi, M., lwaki, M. and Sakaguchi, N. (1998). “Spectral sequence compensation based on
continuity of spectral sequence,” Proc. ICSLP98, Sydney, Vol.4, 1407-1410.

[14] Ito, K. and Akagi, M. (2000). "A computational model of binaural coincidence detection using
impulses based on synchronization index." Proc, ISA2000 (BIS2000, Invited Session), Wollongong,
Australia.



L. IXLAE



1.1 WFFERHR

WFFEARERAE AR ARIEA

(AER e Ph FH T R B K216 A 2T JE R )
WHFE A e T PRk 10 4 )

Clallz=5irr R RS LIPNES PN R R 2 MW R IED)

1.2 WFoTieE

SERY 10 4E B 1,400 T-H
SERY 11 4R 1,200 T-H
SERY 12 AR 500 T
= 3,100 TH
1.3 #Fge3E R
(1) F=ibss
 HE P

[1] 7KHT, ZRA(1999). "~ A7 vk xta W TZART MV T RN 7o a AL MEE R EIE” &
F-1 HaE(E S SCRS. J82-A, 4, 503-512.

[2] Mizumachi, M. and Akagi, M. (2000). "The auditory-oriented spectral distortion for evaluating
speech signals distorted by additive noises," J. Acoust. Soc. Jpn. (E), 21, 5 251-258.

- E Ry e

[3] Unoki, M. and Akagi, M. (1999). "A method of signal extraction from noisy signal based on
auditory scene analysis," Speech Communication, 27, 3-4, 261-279.

[4] #BA. FRA(1999). "HERE OIE FMHTIC IS WS TORIRE 550 —HtE" E1F
AR 2 5m S0, J82-A, 10, 1497-1507.

[5] Unoki, M. and Akagi, M. (2001). "A computational model of co-modulation masking release,"
in Computational Models of Auditory Function, NATO ASI Series, 10S Press, Amsterdam. (in
printing)



- ER T T HEE
[6] Ito, K. and Akagi, M. (2000). "A computational model of auditory sound localization based on
ITD," In Recent Developments in Auditory Mechanics, World Scientific Publishing, 483-489.

[7] Itoh, K. and Akagi, M. (2001). “A computational model of auditory sound localization,” in
Computational Models of Auditory Function, NATO ASI Series, 10S Press, Amsterdam. (in
printing)

2) [EFRZE

«

7

VA

® s

[1] Akagi, M., Mizumachi, M.,Ishimoto, Y., and Unoki, M. (2000). "Speech enhancement and
segregation based on human auditory mechanisms”, Proc. 1S2000, Aizu, 246-253.

MEE T

[2] Mizumachi, M. and Akagi, M. (1998). “Noise reduction by paired-microphones using spectral
subtraction,” Proc. ICASSP98, I1, 1001-1004

[3] Mizumachi, M. and Akagi, M. (1999). "Noise reduction method that is equipped for robust
direction finder in adverse environments,” Proc. Workshop on Robust Methods for Speech
Recognition in Adverse Conditions, Tampere, Finland, 179-182.

[4] Mizumachi, M. and Akagi, M. (1999). "An objective distortion estimator for hearing aids and its
application to noise reduction,” Proc. EUROSPEECH99, 2619-2622.

[5] Mizumachi, M. and Akagi, M. (2000). "Noise reduction using a small-scale microphone array
under non-stationary signal conditions,” Proc. WESTPRAC7, 421-424.

[6] Mizumachi, M., Akagi, M. and Nakamura, S. (2000). "Design of robust subtractive beamformer
for noisy speech recognition,” Proc. ICSLP2000, Beijing, 1'V-57-60.

[7] Ishimoto, Y. and Akagi, M. (2000). "A fundamental frequency estimation method for noisy
speech," Proc. WESTPRAC7, 161-164.

=Rl

[8] Unoki, M. and Akagi, M. (1998). “A computational model of co-modulation masking release,”
Computational Hearing, Italy, 129-134.

[9] Unoki, M. and Akagi, M. (1998). “Signal extraction from noisy signal based on auditory scene
analysis,” ICSLP98, Sydney, Vol .5, 2115-2118.

[10] Unoki, M. and Akagi, M. (1999). "Segregation of vowel in background noise using the model

3



of segregating two acoustic sources based on auditory scene analysis”, Proc. CASA99, 1JCAI-99,
Stockholm, 51-60.

[11] Unoki, M. and Akagi, M. (1999). "Segregation of vowel in background noise using the model
of segregating two acoustic sources based on auditory scene analysis"”, Proc. EUROSPEECH99,
2575-2578.

RSP
[12] Akagi, M., Iwaki, M. and Sakaguchi, N. (1998). “Spectral sequence compensation based on
continuity of spectral sequence,” Proc. ICSLP98, Sydney, Vol.4, 1407-1410.

BT T HEE
[13] Itoh, K. and Akagi, M. (1998). “A computational model of auditory sound localization,”

Computational Hearing, Italy, 67-72

[14] Ito, K. and Akagi, M. (1999). "A computational model of auditory sound localization based on
ITD," Abstracts of Symposium on Recent Developments in Auditory Mechanics, Sendai, Japan,
29P01, 156-157.

[15] Ito, K. and Akagi, M. (2000). "A study on temporal information based on the synchronization
index using a computational model,” Proc. WESTPRACY7, 263-266.

[16] Ito, K. and Akagi, M. (2000). "A computational model of binaural coincidence detection using
impulses based on synchronization index.” Proc, ISA2000 (B1S2000), Wollongong, Australia.

(3) HEEFEE

HEEEE

[1] 7KHET, FRA(1999). "~ A% 7 itk A LT AR S o 75 | 2 seh 2 78 3 RS DR 2R

VRl 11 AR T F R T O, 3-2-2.

[2] AKHT, #RA(1999). " AT MY T T 7L ar D@ b BT 23, Rk 11 ERk TR 5
F R L, 3-2-13.

[3] 7KHT, ZRA(2000). “HMEMEMES (T3t T A BB E G = e bl " 2P SRS

& #k, H-2000-4.

[4] ZKHET ., #RA(2000). "/ NEAE~ A 70 T L — 2 XD F iR ek O MET M) B SRk 12 48

B B TR A 3L, 1-8-5.

[ﬂzﬁiﬁﬁgmm”%ﬁﬂHMéMt P D HA AR e e L R 1R R E
Foatiivid . SP99-169

[6] A, ZRA(2000). "HEE O AR JEEBHEEEORE Pk 12 FRF TS

4



{Ham 3, 2-7-7.

[7]1 AR, JRA(2000). 7 )& B LG P % 75 8 U 7o ME S BR B A2 30 10 D AR M B 2™ | SRk
12 FFRRFE B il v am oL, 1-Q-7.

[8] AR, #BA, FRA(2000). & I LR 14255 L 7= HES BR BRI 351 2 JE A& I B e
TR PRI BB, H-2000-81.

[9] AR, #BA. JRA(2001). 7 & HAVE L 1 2 55 B U 7= e BR BE L2331 2 SR AR S I A HE e 1
D R”, PRk 13 R HE e w3, 1-6-8.

=Rl

[10] #6AK. 7RA(1998). “IAFI~Ax L VIREROFHRET WV ORE” | HEA RIS
£l H-98-51

[11] #BA. ARA(1998). "HEFE DI RMRATIC IS HE B LD E H RS OB ™ Ak 10
RGBSR S, 2-8-10.

[12] Unoki, M. and Akagi, M. (1999). "Vowel segregation in background noise using the model of
segregating two acoustic sources”, Proc. 7th meeting of Special Interest Group on Al Challenge,
JSAI Tech. Report, SIG-Challeng-9907, 7-14.

[13] #BA. FRA(1999). "HER DI RARNT I EE DW= IS EEE T VOIS, B 115 HiE
B2 Bl . SP98-158.

[14] #BA. FRAR(1999). "HETE DIF S AENTICEE DWW IR BEE T VOIS ik 11 8K

T E R G 3L, 1-2-6.

- ER T T HEE

[15] (HEE, FRA(1999). "HET T T V& WV B IR M ERIZBE T 55427 SERk 11 FAZ
BT A L 3-2-13.

[16] DRk, #RA(2000). A AHRIHIEEEE BB LR R R T T U OW T, Rk 12 F5K
TR w3, 1-10-15.

[17] g, ZRAR(2000). “AZAR RIIRFE DR R 22 T B 2 28T DUV TT | Rk 12 AFRk
BRGNS, 2-2-4.

[18] FHiEE. ZRA(2001). “ArAH FIHIRFEIC IS L BT R 2RI BT — 5527 H5
FRMEATZE S E R H-2001-5

[19] Gk, ZRA(2001). "M ~0> 2 B A 1 OO WE R A 43 AT LA [ R & O BIERIZ DU
T, Rk 13 AR B G 3L, 1-5-7.

[20] /IMAK, 75, FRA(2001). "HER &SI ICRT L T S ANREEE T AR L Pk 13 4E 4

FRE LIRS R G O 2-7-9.




4) VY —FLR—hk

[1] Unoki, M. and Akagi, M. (1998). “A method of signal extraction from noisy signal based on
auditory scene analysis,” JAIST Tech. Report, 1S-RR-98-0005P.

[2] Unoki, M. and Akagi, M. (1998). “A computational model of co-modulation masking release,”
JAIST Tech. Report, IS-RR-98-0006P.



2. B3



2.1 WFFEDOLLESTT

2.1.1 WFzEoiy &=

B LD B RIS B W T, MEEH THIL TR WNENLNW B 5 CIRIRIE AL~ LT
ELTEIWALO0, BFHME S NFEET AL IR EOF LW T ixmnen, — 5, A
B FRHES SR EL BEOFEE BTFEL TWDII7REIL, HDWE, FHEOBHHERETIZE
TExb, EA2OOH THBET D58 OB - 2 BRI T 52 &N TED, ZORENIL,
BREICIZEAEEBLZ T HEEETHD (BT N S—T 4 REMETND) .

ZZ T LB AR O R A I AN (@) OB TEER R 1AL AT T L
kL, 2O X5 MBI 352 % B L LI ER & BT i Cngd, ZLT, £D—D
ELT, 1990 FARITAD, TR AREERARRERES AT L0 —BREL TELZ | ZOFHE R
WEETHZLIZEY, RRROIORENTIERE OB E 2D AT L~IE T 058 GEHREEIZK
B TS B A#HT : Computational Auditory Scene Analysis: CASA) 237725 X017 > TE T,

SR L DBER B FEHT (CASA) IZHEE S W BER O B R O BE A |2 B2 281X, %
FLB RN 1990 I A>T b D IDIC o T2 BRI LW B Ch Y | BLFE, E[E
Shefield X%, >KIE MIT, HATIZ NTT #2807, ATR #5872 L TIT70boit T,

EZAMN, VAT AFNKODFERINTIINDEOD | MG FREBEDFIETHEE LTV T,
CASA D&z JFICHIoTo @R REZR T AT AMIRTZITIRES N TR, ZHUE, AL TDOY AT
LN, BINEND TS BT 55 28R IR E - AT R M RE O BRI A E AR 3528
72, BT EET ULL QOB Tho,

2.1.2 WO EMY

ABFFED B EJIE, A M OTERAEHE AZE T D3RI 12>V T CASA DB X HIT
1o T LA FIOR TR EA 1720 282D,
(1) ZNENOFIRHDNIFEDFRANTEDIDNTFRIREN TWDOORGE, BELOL AR
ORER N EHL CTODIRIRTEBHERE N E D LR BB O R IS L72b DO TH DD
FrEt 2L C L BRI O BRI AR E 2 D05,
(2) BIRAPERERE O BERFLIR 2 LI Z OB 2 31 M FICHEBLL | M - RN FET S
FEEGIZBWTEAL HIE S E LRI TEAL AT 22 FHELT 5,

HEEE 1T, BRI,
(@) NEARTE HAEBE LT SR BEE (WASP 15~ A 7mky 1 ARfEH)
(b) ~ATmR 5t ORFHZEZ B & LTS 1L (NORPAM 15~ A 7y 2 AREEH)
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D DD IR HE - HEE IEE I OWTEMMRT 21772 TE e, o, fa X B LOEEES®
(B3 SCAR[L]-[4D ICB W TR DI R A TR > TET,

LU, RIS Bl « e 1 5 3 L2 30 1) 258 R O B UREAE D — T2 T 2291 EFL
IR E T, () BERICHR T 2T BUEAE OB ARE ORI | B O (b) BIFIBEHL
BERE ORI FE R 2 SR LR O FH I ECOFEBL, BNREICAR S Tholz, T2 T, &
B OO BRI ZE R BB L OVEFL R T L O Bb 0 T & ERE ShiHE A 1R R
SRR

2.1.3 WD ER

PRI HIZE1E CASA DOHFIIFIZADIIZE TlId 5708, oAFZEHEI 23 3212 top-down B
VR BEDT= D DN — )V EFLR Ui L TOD O L3 872D HSETHABS - LEZA M FLIZO
2L T RN TOERHDLNIEE DOREL, BLOY BREEOH RGN PTERUEHE O B4R
AR RRIR T 52 Z2 R A5, 2072 BHHIE 585 OBRINAHh S O 51 1 5R 2 BI %k
FEATHIICFEIR TEDIEDND Tl R DA F LB E DR E A 10072 D AT ADREEE
DA[REETR D,

BIE, MES - PRI E AT L CL s 7 A2 W THES 2 LT 2 51k, ~A/ake T
LAZRWTHMNET 25EEH O F R OFR M FHEEZSIK T2 kR E | k2 72 B BT LER )5 2
DIRFIINTND, LInL, ZNOD FEIL, IS8T N2 25 B D720 O End 72 (s 5L 2L |
Flo, TVAZTBAEDT- O DD~ A0k BT 5728 @ IIRBERVEMRT
BN

— 7 ARWFFETIL, BERAE ST OAFZEIZ B 32 0B 3 L OVE B0 DA O AV T I R AR
D2 FLZU T, #7228 a5 5, AL, 220D EbE6ND
RO TEREE. BoEHRiL ., M REMEZITR> TS, EZTHWLNATWSTH
AOFELREBTHILITIY /MBI, RS - B EE IR DS ATRE S 72D,



2.2 PRARDOE
2.2.1 EANE

NI, HEE N REWRE Tho72 LT | i HICEA OB LTI CEDMRENH D, 2D
BRI, )\F‘Eﬁ (X220 TIEZRLMMOEI L > THH IR EETHY, Fﬁ&%/wﬁ_%ﬁﬁ%kb
THOLILTWD, L, ZOMEENET ML TEET X, HFMH, BIRSBE HONIEE
Bk AT E N MDD T TV o —a BT T, jt’a%aﬁjj 272513 T ThD,

ANEDOZD IS BN T et 2 FRTET ML T 57211, LFEAYHRRS T TR
DB RALMNE LT 5, RE TIL, £T 4O fjJ&T/l//\~74’xJJ5T%JkL“C%DE%L
LR AEET WAL T BT DI B AR DRI AR L, L TIRIZ, 2B O
RERWEET VERET D,

7T N —T 1505 (Cocktail party effect) &%, DLl EOFEAYE—UDNRBEL TV TH—
75 BRI AT RE T D IORMEE LR THY, BT NR—=T A DINTLEDFEE D
B RIEL TOOIRIOH T, LT D568 DR 2RI THKIENTELZENDL, 204
RIDMTT DIz, BT TNAS—=T AR BAECD K ELTIE, ENZE O EPIT%E LTl RS

IZE-> THRINDE B DZE F'%’Ju%(ﬁﬁkﬁﬁ%ﬁ)@@b\ BOREZ, EyF | Hta/slHIR
DFFEZ DL D DE FI2E O EITITE BRI, R EDERL THDHE LT
Do

ZZT ARETIE, £, FIROIT MG R, R SRS H LGB IO E R FF
OEA DO WA T 5720 OEEDET AL ZRA, T LT, ?Elau“jéhf:'rﬁ%&%%&:ﬁﬁ?
IR —T AN RO T ML E R D,

AL TRTET UL FOMEY TH D,

(1) &7 5ReH
AR RACHE S W Ry L — S ar O S DR [5][6][7]

FyrEl—TarOEERWEEM T AV ZIT LD E R
Xyl —Tar OBEEE W BT VS KD MR B & B AR JE A HE
(2) EIRHE

-Bregman (Z& o THREES N THETE G 7% 4T | (Auditory Scene Analysis: ASA) & &5 BT
DD 4 SO FLETHLRI DOFRAT[8][9]

- ASA DR &AW B IR BEET L
(3) HfIHANR (FRREEBLS) 0ET /L
(4) EWITmHEE
- B IR T A HEE B O DI R A R O A B RIS RE OAR T
IR MAEEET L
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2221 RE

AHRAE T HEE TR NAEAEAEL L IR B, BRGNS W TRIEL TnDET D, ETe,
ZHE RO M LN XL/ hENET 5, BT AT M=2 THY, ZIREL N ITIEF IR
W ZOEIIRRMETIX, ZEM T AN Z LA T V208 B OB 2B 7o I A B
ENFFH, €T TAME Tl 227 4 V2 LRI T AV 2558 DT 0 DIFRRIRIE e L T
i B fE]IREfE] 22 (inter-aural time difference: 1TD) EREAJE#Z VT, vl —Ta o
IZHESNWT ZODTANHERES LT,

ZEM T A NIV~ A TR AN LD~ AR T LA TELITEY, F ik, HDHVIL,
FTE S AT LDT= 8O OFETLEIRIEE LU TR NTEK DRI S TV D, F7e, AT 5
I~ A7uRy 1 ATOANPEESNTIY, HEEDEAELTCE R L0 & R A 2
@B eI ND,

2222 HiE

AR T, B R CHES ) O 7 TR A S O RO RO M A VWb 28Ik
DREZES L CUNND, T AV DT DR ITN A AT, v L —ia O&THD, Jux
DOF vl —raid, B LR THREIRICEY, BR T ThHLE IR E 2RI E X
THY ., Durlach [5], Culling & Summerfield [6]/3 binaural masking level difference (BMLD) % &
T I T H7201Z, E7- de Cheveigné [7]i3, AR BHEEIEDET MALDTZDIZHNTND,
ARWETIX, BT ANVZDTOITNTD ZBIE T &L, Fiz, BRI T V2 DT DI AR TR %
BEIET ELTHWD, LT, K 2 1R LR BRI I Ty oL —oa 2328110,

delay =T

inhibitory
synapse

| ( ) -
excitatory |
synapse

Fig. 1. Basic concept of cancellation model.
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Fig. 2. A circuit of cancellation model.

2.2.2.3 ZEM7 AN EHE P 5E (I Ekam SC[1][9])

BEMIC LA S BRIV TIE, HEEE THNL T RN ENWRE B Tl E O RakE 42~
HOD | JEFMEE AL T 256 I TEERRRR O My, Zo7cd | HEE RIS AR
IRE PR AT DVEENTND, — DOERIEL LT, B H i ST > AT L2 g -
Pk AT DOFTLERIZ WD ZENE 2 DN TR, MG MERT X 7747 7 4V Z[10]1E0>,
K~ A7 aR o TUA[UPMRREINTE T, L L, ZNHOFEIL, mEEE7: DSP 243
L7ED, IKEAD~ATaRr B ET DT80 N T AR ENEF IO —a A
T AUFIRAETHD, ZOLIRIERITIE, RO TS AT LA RSLEETHD,

AR Tl ~A7ufhr stz AW TE S B UINOH L — 5 M ORE - J8 1500 /e U e
EHEEL, HEE LTS 25| E 3D LIS TR BFEEFEN O LN FIEEZRE T D, 1L
EREDE 2 J7 % FE\Z LT J7 1k E LT Grifiths-Jim LD B — A7 4 —<[12]BH DD, ji IS~ AV
DULH DR | BT AL T DM L ZER A7 M (IR T &R, i, Mgl
A EIXEMBEATHLZLAEL TWDIew | FRERE THENFEE T, B ENElk
EOREN DD, — HARFIEZ, B E2TT /WEL CELROVEHTRIICHIH T 228128 - T, 2
ORIEL R MR AT EoTND,

22231 ERAL
ARFVETIE, HHRICI AT 3 KO IVE~ A 7R A0~ A 7R T LAz RN T D,

T LT, R X Z S RO~ A7 aiRANLE COMEF ZHEE 30, MEFMITIL, s
IS h R~ AR TR E LB S BE EELHTEICL > TEMR S D,
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ML, e A — o~ A amy () DT A E B D~ A7 ake Ot (E
ﬂ)ﬂ%ﬂfzﬁ% LIS THERESNG, 4\ W3 OIS, ERIE BB DD NLENRL M
B LSO FEDDLERT HH0ET 5, £ LT, HH1E 5 s(t) ERFORRER 2L THY,
Eﬂﬁv%v% (1) D LR ORI ED 26 THHET B, ZOWE, ZNENDO~A 70k T
HENBIEFIE

left mic. : () =s(t—¢) +n(t-9) (@)
center mic. . c(t) = s(t) + n(t) 2
rightmic.:  r(t)=s(t+<{)+n(t+9) 3
7%,
Speech

Acoustic Noise

Acoustic Noise™~

Left Center Right
Equally-spaced Linear Microphone Array

Fig. 3. Relationship between a microphone array and acoustic signals.

HAZ R BT 272012¢ =0 LT, B8 5 ORI/ 7 —Y = 2584 (STFT) 25 E 374U

L(w) =S(@)+ N(w)e '’ 4)
C(w) = S(») + N(®) ()
L(w) =S(@)+ N(w)e'™ : (6)

72D, ZZT, S(w)IEHE 7E B s(t) D STFT. N(w)ld KHESE n(t) D STFT TH 5,
FER~A7aR COZERFEFI) ) 2R G Rt 7 L IROIHITIE g, (t) Z1ED.
B, IEED 120 THLEETHS,
{t+7)-1t-2)} - {rit+7)-r(t-1)}
2 :
5759, ) IXRFAEEROE — L7 4—~<—THY, D STFT THHG, (w) 1%

glr (t) = (7)

lL
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G, (@) = N(w)sinwdsinor. (8)
E725, R(B)NPHHILN 2L G, () 1XS(0) DR % E A TR, T72b 5 S(0) IFF -+
AN TND,

K@) P DE S, I RHEE D7 AN BIE T HETHY | RG] X Z ST T2 HEE T 5
ZEICEVIRIESND, HEE ST OHEEEIT B D, EEOME c &2 §EHLLED, K(8)% sin® wd
THRIDZEITIY HEF ATV N(0) BHEE TED, 72721, wd =nx, n integer THHLEITIE
FHAETERWD | EXROMRDVICREIR T — L7+ —~—% T 2,
<{C(t +7,)—c(t— 12)}— {r(t +7,)—r(t— rz)}

t) = 9
9. (1) 2 ©)
0, (t) D STFT 1%
0l 5.
G, (®)= N(w)e 2smcozsmm2 . (10)
AN
7, =82 L3R, K(8), (10)%& AW TR RHER n(t) D AT T A
G, (w)/sin® w5, sinwd > g
¢ o2 ., 0 . 2 ., 0
N(w) =1G, (w)/ e 2sin wE sin“@wo < g and sin a)5>52, (12)
| 2 -2 5
G, ()] &2, sin a)ESSZ

LLUTRED, 85, g, &l3bo/NSWMETHS,
B. M M OHEE
AFETIE, M T AIERIORT HiECk-o TV —AmICHBMICHEES N, 4.

I(t), c(t), r)izxfLCRO)EH WU, BIE FERESNTZ - SOE S ELND,
{I(t +7,)-1(t— 72)}— {C(t +7,)—c(t- 12)}

glr (t) =

4
0 ()= fe(t +7,)—c(t — rz)}; frt+7,) —r(t— rz)}, 12)
28, 1L 0 TRWVEBEDOEE THD, -, ZNOHOEHFO STFT 1%, X(10)5
G ()= N(a))e_ngsina)gsina)rz
G, (@)= N(a))engsina)gsina)rz (13)
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Fig. 4. Block diagram of the proposed method. Delay D is set to half of the ITD, &.
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Fig. 5. Simulated results using Sound data A-(1). (a) original noise-free speech wave (vowel /a/), (b)
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noise-added speech wave, (c) noise-reduced speech wave.
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Fig. 6. Simulated results using Sound data A-(Il). (a) original noise-free speech wave (ATR,
mhtsc101), (b) noise-added speech wave, (c) noise-reduced speech wave, and (d) estimated noise
direction.
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Fig. 7. Simulated results for Sound data B, (a) noise-free speech wave presented by a speaker (ATR,
mht14348 /bunri/), (b) noise-added speech wave: SNR = 0 dB, (c) noise-reduced speech wave, and
(d) noise-added speech wave: SNR =10 dB.
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Fig. 8. Log-spectra of vowel /u/ sound at about 16000 points, (a) original sound, (b) noise-added
speech wave: SNR = 0 dB, (c) noise-reduced speech wave, and (d) noise-added speech wave: SNR
=10dB.
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Fig. 10. Phoneme error rates. The three bars correspond to the phoneme error rates of noise-added
speech (blackened bar), noise-reduced speech by the optimized delay-and-sum beamformer (grayish
bar), and noise-reduced speech by the proposed method (whitened bar).
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signal + noise

l

(a) FO estimation using PHIA

lmugh estimated FO

— ib) time warping to fix FO

noise
(c) noise reduction using comb reduction
filter with mrl:milable pass-bands stage
(d) time warping to restore FO

l noise reduced sigml

() FO estimation using TEMPO?2

estimiﬁd FQ

Fig. 11. Flowchart of FO estimation method in noisy environment.
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Fig. 12 FO estimation based on periodicity and harmonicity of instantaneous amplitude (PHIA)
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Fig. 13. Block diagram of the proposed frequency filtering.
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Fig. 14. Frequency response of the model (T =5 ms), (a) usual comb filter, (b) £=0.2, (c)
£=05,(d) ¢=0.38.
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Fig. 15. Speech wave example. Speech wave (upper), EGG wave (middle) and estimated FO from

EGG wave (bottom).
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Fig. 17. Correct rates for speech with white noise.

IV —272F 7 (SNR=)D EE | #2221EE TEMPO2 728 90%LL ETIRIERICIEMERTHD .,
PHIA 23211408 15%FE ARV IEfER /2> TD, T72 5 PHIA HACIX TEMPO2 F£0
FEEIIELN NI E IRERITZV— B I LT TEMPO2 DA% WA LRU E R
FERHEE DR FTRE THDOZEZTRL TCND, 77 AT MEIT RS IEER MR- T,

HEE AN A ICx LTk, TEMPO2 TIIMEE S RESARDEIEMRDPAHIZIETL, SNR 0
dB CTiFZV—>HFHOEA XD 40%LL FK F L7, —J7, PHIA TiX, SNROdB THZU—>F 75
DOEFENS 10%FEELIME FLTEST TEMPO2 S0 EWIEMREZRL TNDIEND, PHIA
MRS A 322803005, BEHEE TIXATOREEHRIE CE LIS 03 Mb b7
D, PHIA [ZEE )/ ST — /NSO E I O T H T E0FI I TEZRWA | TR DE A2 <
IR AR ZHEEL TWD,

FERRVEIT PHIA THEE U7 BB BRI U CHES IIE 2 1T725723D . PHIA OIS FriE
\Z BT D, PHIA OMHEETER W TZDICHEE MR EL 2> THIREIEDO EfRITEL,
TEMPO2 O # D4 L0 SNR 0 dB KO EfFESRET 30%LL_Eok#EN bz,

C. B UM g

BT ME S A IS T E R T D IE MR R A X 18 1T,
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Fig. 18. Correct rates for speech with pink noise.

r 7 ANT MR A MRS O A LR, TXTO SNR IZBW TRIKD IEfEFEE2 R LTz,
TEMPO2, PHIA ([ZBIL TlL B GMEE LIZIEFREEOMEM N RHN5705, AEMEE 0% X0bHE
DA< T TWD, ZHUT, B 7S 13V — 2 BT OB R TR ELD
f:&b [FC SNR TH AR BT OMEE 723 B M J0H RELRDTEITED | FEARPAFI
T HTEMPO2 IZLN KEREELE 5.2 TDTeh THHEE ZDILD, PHIAIZE - TE Il
X AREIROMEE I ROFREMED R AT LIS e D b, mEIcb HEE o 572012
W)/ NETR IR CELAD B BIED G ORI DEEL 72D IO ThHLEE 2 DL, BaMEE
[ZHEARTRERIEMROK TN LS5, SNR 0 dB (28175 TEMPO2 X0, 20%L4 Lo IEfiF
A RL TN,

FR1EIL, TEMPO2 DA D4 L0 SNR 0 dB D& & IEMESR T 20%FE M EL T5, Ll
HEMEE DG E LR HEE D RELZRDEIEMERDY PHIA (ZUT-5<, Ziud, g rf4<L
TE7 A4V 2 TIXIE Ak o3 LR C R AR D MEE 2 PR 5 TE 2 b & TEMPO2 Mk D /T
—DFRWHEF TN | TEIPO2 Dt E M DIRSICE B ZZIT TWAZEIZEbEE 2 b
%R
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2.2.3 HIRSTEE (kR SC[3][4][22)

AETIE, BER O BT (ASA) ITHE S W R B 45 e T L 2R+ 5, Zhid,
Bregman D% RAYE AN BIFR L2 HR SR AR 3528 T, IS EEEEZ <L DO TH D,
Bregman 1%, AR ORER R IME BB Z21TOT2012, FEA MR LIZN SO L FEYFREY
7238 R AIZFI L QWD eV 2 e R L72[9], (RIZ, Zno 38 RAH A2 F] L CHER
H72 B BT T VAR T D2 LN TEIUL, mAAAN R B i AT AORTLETZ T Te< |
B2 I8 By BRI E A~ LR T& | 2O R KR ERL NS T,

ASA IZHE DWW BEE T /WL, BEIZWS DD RESIVTND, ZIUTIEZEIZ ZSDDEAT Db
Do —OIIRRLT T HIIRE T V[I6] T, b — DXy T X TR E T V[LT][18] ThH D, ZiL
SDOETIVOT XTI SOFE AAIHAI DI B DWW O EFI AL TRY, HEMRRHSREL T
IRIETE R (DI RT—) DAREFIHL TD, 207, ZHDET LTI, [E 5 LM 13
BRI CER DI 6 . BAOE BEMEE ORI BN T 22 LT E#E T D,

ZHUCKL, Fex 13ME M s A2 RIS B L 32720 121E, IRIE72T TIR2 <A AR 1
LB THLHEZ 2, ZIOZFIH L T I /7 B R O FRE I A TV [3], ZOREIE
WDOINTE S TOB[3][19].

ZUOIZ IREEF Q) ZTREHNENIbDET 5, (BEL, IREEZIT . SDEFDO R
(f(t)=f,(t)+ (1) &5, KIZ, FOIZTANENR 7 (KIEDT 4 2) (&> TR ES RS
b, ZZT kFERBOTF Yo VO % X () & UL, ZHUTiRED Io ek b,

X(t) = Scexp( ot + g (1) (26)
F72, ) &) ISHIETS, kBB O %A () exp(jot+ j0, 1), B Q)exp(jot+ j6, ()
LUET UL, DR OBHHRIE AL & B (1) I3, KA TR LN TED,

A = Si®)sin(G, (1) - 4 ())singt (27)

B, (t) = S, (V)sin(g (t) - ,(1))/sin Gt (28)
fHL. 6, 1) =8, 1) -6, (). 6. t)#znz. neZTHY, o lZkFEEHDOF v F/LOHLEHEET
b5, Fio, ZNHOBRRERIFR O, (1) 0, ()1, KA TETZENTES,

Yk(t)cosmt)—sinmt)]+amsin( A DY) J(Zg)

Ou(0) = —arctan(Yk (t)sin g, (t) + cosg, (t) S Y, () +1

Hzmz_arctan(vk(t)cosmt)+sin¢k<t)j+amsin( B ()Y, (1) J(go)

Y, (t)sin g, (t) — cosg, (t) S Y07 +1

fHL. Y, (1) =J{2Ak(t) B(t)Y —Zk(t)z/Zk(t)\ Z,() =St - A’ -B ()’ THD, ZZT. () &
f,) 1L, TRTOF Yo RTDOTeoT, A(t) . 04 () DT B(t) . O () DT ZFIHT2Z
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LT, EOE B, TR HETh D, UL, EfORE R THA DL, WD RFGA—H
(A (), B(t), 6,(t), 6, O))NIXMSADHIFKII2 NS — B R a2 RODEMTERV, Tab b,
IR EREOWETHD,

ZDOREEIRLT=0O1Z, Bex 1L, Bl >3 B AN BAGR L= Hil R St 2 I L7z AR
(72 0 BEET VEIRELTZ[3], AEITIE, BEOF FOMET 2 EL L TRV ZEDTX
LHEFEEET NVEREI T D, ZOTT VL, BRFFHRIE S BRREAT A | 2 AU FEAJE S o sdfge
DOilFIZE VTS,

2.2.3.1 BRI E BT L

AEITIE, BRE () ZTREES B LUE T 2. (L, BEAEEEE R () ERTLI2T 5,
RRET VL A) L0, () DR ZHIK T 52 TIREE 5 bR A DIE 544 BE, fillt
ERAN

fRZEIE, X 19 IR T OIS, BERAIZR T 4V Z ST R HEEES, BT, v —E U T
PUESCRERL S AL, R VIR T IOl S 2RI 4 2,

p
FO-Estimation blockji
\

SO | Ao |,
fa(t : A Grouping f1(t)
Auditory- m block
@ f(t) motivated [ Y Separation >
filterbank block — _
— (K-channels) GrbOIUpI'(”g -
fZ(t) ocC f2(t)

—
Ok (t) Bk(t), O2«(t)

(unknown)| (observable)

Fig. 19. Auditory sound segregation model.
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22311 BERM 2T 4 NHIN Y

BER B2 T 4 NH S 713 BINE 7 f () 2R R AT L X () IS0 T 5, AEITIX, Zhz
F ¥ RN K =128, fEMTHEIDHAY 60-6000 Hz, Vo 7V 7 & E A 20 kHz OE Q
gammatone 7 /LA 7L U TR, ET0, BREFIRIES, (t) BRIRFALFE ¢, (1) 13, wavelet Z5#a
TIERSNTARIEANST MVEN AT VAR L TR IES LD,

2.2.3.1.2 F fli 30

R HEEEE, HBUE B f(t) O EARTE W I AHEE 5D, ZOMBRL, JEEETT M CTHI- (F v
FIVRI D) - BREIRIE S, (1) 12 Comb 7 4 /L XU ZALEE A fi 32 L CRILSN TS, X, (1) DT v
CRIVENTA R T ORER (M5 E89) ICRESITWDTe) | HEES L R () 1 Fyorrv
DL ERE B EL Ty 7 &, [ARRICEERI 2 BUD, E7o, HEESALE R (1) IZFEBR
(ZEENT D70, TORRIMNIET X TOM N a7 A XM T 012785, E2C, R SC T,
HRIACMKENIKIL, & L) D Ey g (1) & By (1) = 0 LIKE T D, Fo, EROEIZ A PDEE
T, —Tha e D0 ZAUE, BEBRRICEEN T2 Ry (t) O X AIE KR 0T L, T 132 OB
b RICF 35,

2231371 — 7

TN—EUTEIE E 1 OFIKISAEG) (i) ZFI AL T B B & QAL 20 JE A e
RIEL, £ D% Tt wavelet Z#azFHL T, sy BESH - BRRHRIE LB\ AR D2 OB Y
(SR T A[19], () & f,@) IE. ZHZH () & 1§, (1) 2 PR L7215 B Ch b, HIf4ki)iT.
HEESHIZ R () WIS oF v RV T X (1) TOSEEDISEFORER (Tg, To) &5 F v 1L
I CTOSE EVISETORE (T o0y Tyon) Z BT DALPRE L CHRIELS NI, (L, W& DRFH &
ELT, M EDT, AT, =25 ms, 3. FOTAT. =50 ms &L7=, dlfIGE(ii)E, F(t) OEEREIC
KT 2T ¥ RNFE SR ETHUFRL L TIEINT,

2.2.3.1.4 55 B

BBy BEERIE. DO F DRI AFAE 9 D RF ] JE R s 2 3 T RIS PR (i) & (iv) &2 7]
AU TS L7 B IREIR IR S, (1) EBRIREAZAH g (1) 250 A(t), B(t), 6, (), O, ) ZRET D, Z
NHERDDHEE ALELTIE, HIHIZA () L0, (). R(t) OEFEEDOHIFEEZEL T\, 21
I, HRIREG)ISRIIEL TRY, £ 13[)DC, 1() & D, 1()F— & ZIHEX (R=1) LLTHEIESR
TWD, ZOMETIEL, A(t) &0, (1) DRFFBEBNOFFEN 2 IRSHALL T
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A(t) = [ C,,(D)dt +C, ,, and

Oy (1) = _[Dk,l (t)dt+ D'y

EVIHHIFIEZIT TWAHZ LTS, RIZ, dA(t)/dt=C, ,(t) ZR(@27)ITR AT DL (LHHZE
0,(t) = 6, (t) — 6, (1) \ZEHT D1 D FREXE15D, ZNEfEE, RO L7 — R 155
D,

5, (Dsin(4 (1) - 6,(0) ) (31)

(
0.0) =arctan| < cos( () - ) + .0

VIEADN
C,(t)=-[ Cr(®)dt—C, o =—A(1).

T,

Eor(t) CRIESNDEZ AT, - T IV T, A(t), B(t), O4(t), 0, (t)IFKRDILIETF
ECREEZILD, FIDIZ, BT A MNTOME—DfR, A () L0, ) BPFETDHEEZLND D
DHEEFEI  C ()~ P()< G (1)< Go®) +P(t) & Do)~ Q(t) < D, (1)< Dy o (1) + Q (1) %
Kalman filter ZF]HL CRET 5, {HL, Cko(t)k Dko(t) ISHEEME, P (1) &Q, () ITHEERETH
%, IT, 85 D, (t) lZxH9 5 C, (1) DM Z SE O HEEFLFHN T spline M izb DAt L
TR, ZOFEHNDDEOMEE 2515 C,, (1) 2R THET 2,

: (A.A)
Ct) = arg max R (32)
’ €0 (D-P, (D=Cyy (D Cy (4P, () || Ak|||| A<||
(L. A,(t) % spline R TR IBEHRICHY.. A () T > VBB A PR Gy A7
T IRRFRIE DO TH D, k1T, kl(t) R THRET D,

) (A.A)
Da(®) = argmax PR R (33)
Be.o ©-Q, (D, (<D, o (1+Q, (1 ||Ak||||A<||

0, (1) £ 6, (t) 1%, LR TIRESNI D, (t) £C, (1) IHESWTHRESNDD. At), B(),
O (1) Z50(27) £(28). Oy (1) = G, (1) + 6, (1) PBAFRUC LD RDHIENTED,
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2232 vzl —ray

REETNANREES f(O)0DHIE f,0) 2L~V Cok, i TEZE2R 772012,
WDIH7e 3FEHDEEEFHL T =20 3ol —ara{7o7,
(2) MELAAHINENTZ AM-FM JE G5 [14]
(b) HEEMHIMSHTZ R (lal, fil, lul, fel. [ol)
(c) MEE DS iR S (faoil)
AL, HEF I 2 M5 THY | NS O SNR 1Z, 5705 20 dB T 5-dB %A IZFHFE ST,
B HIE ATR BT — 2 _X—R(ZhD HARGERE (B 24, &2 4) LT,

TERIED BRI AR T 572012, IR TERSNO T BER EEA R LT,

[ 2@t s "
[[ (0~ o) e 0

Fo, £ 1 OFHREEOEMEERTI2012, RO IG5 TORZEOMERELFML
7
(1) Comb 74 NHZEFIHL TR 2L, Kalman 7 /L2 %FIHL T, 2Dy NIZH5
WRIRFIRIR A (t) CBREERALAH 0, (1) IR E T 256
(2) Comb 71V ZFI L TR k53 O 22 B 4556
(3) fIHALBRAE L7 5
ZIT SRAFQIEHRIGAE) DR D BINSE R LZ2WGE | S (2) VIR S (i) 258 & iKY
SV ZFIRALZ2WIGE | SRAEQUIHIRISRIE T X TERI AL WIGE IS R L TV D,

10log,,

2.2.3.2.1 LR L

20 [ZHBET D 2 FHDU 2L —2a OMEEAZ /R, 1ZUDIZ, 7S5 A [TRE
AT ISR lald £ (1) (f (1) SNR 1Z 10 dB) 1L, 731/ B & CIZEFNEIREN
572 BERFRNE S, () SEWRIRFALAE ¢, (D) I RSALD, IRIT, FAREWEEL R (t) 2331 /L D ITRE
NDIDTHEESND, BHIUE f(t) LHEE DS RIRHCATAE T DR R B X, SRV E & F IS
ZNEIURSNAEC, HSEMA) L) ZF AL TRESND, KikIZ, KB OBRFRERE
W REAT AR IR S () (V) Z R L T, S, (1) & g () IZHES O TR IESND, A (L) &6, (1)I1EZF
NZN T | & DRSNS L0, B S T=15 5 £,(t) 13235000 K 0151725,
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2.2.3.2.2 fERLELR
FEHITRLE S0 alb—ar LSO IS COA Bl A K] 21 127,

(a)
30 - - - -

Proposed method
o5 Condition 1 1
Condition 2

Condition 3

157 T

Segregation accurcy (dB)

5 10 15 20
SNR (dB)

(b)
30 - - - -

i Proposed method |
25 Condijtion 1
Condition 2

Condition 3
20

15

10

Segregation accurcy (dB)

0 5 10 15 20
SNR (dB)

(©
30 - - - -

Proposed method
25F Condition 1
Condition 2

Condition 3

101

Segregation accurcy (dB)

0 5 10 15 20
SNR (dB)

Fig. 21. Segregation accuracies for simulations. (a) AM--FM complex tone, (b) vowel, (c)
continuous vowel.
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INHOKT, MEERIZT R TOYIab— a7 —XIZET 50 BRSO FE, =7 —/—
XD LEDIFHERAZ T, ZNH DR RIT, AARREDPMO =S>DITEIVG S BERE N R
I CobIEAERL TS, o, RIEZIENEEL B W THOHEE D INEN - EF D IE
I B CE DT LA R TNVD, T RIEEFHN SR Q) At + 5 & | BRIHIRIE & B#Re (7 AH
ERIA LT BEEMIARZFIA L0 OX0B BN TWDZEN DD, 2T, DBEREE DL
A SNR MEE DD OJRUE 5 D BERE ) &9 HUE AR EIEITHEE L~V SNR=5 dB DX,
—ODVIab—arTENEN 10,9, 7dB Th-oTz,

2.2.3.2.3 Co-modulation Masking Release ™7 /LAk (U &k =L [5])

TER R O JE P ECRIH ORI N T, v AR T OB AT T 5ET VELTIAF LS
DRI —=ANXT NV T V0] ASZT ANBIV TS, ZOFT /L CIE, BEEE S, 5 miEis
FCHREE DO LA B E RO IE GG B2 AL IO ET HEE 5B A A AT T 08 I
BaELH A XGRS @< — DR 7 V2O 1 EFIRT5b DL REL TN,
Fo, IR ST — ARSI L EL TRBEN TR, F50O~AF 7 BfEIL, B v
Za i T OMEE OBIZL S TRESNDEEL TV D, ZHDREIZED  /NT — AT ML
ET VX, FAIRFwAX L 770 8 DL D BIG A LI CEL0, il & ORI A0~ A7)
— DR A A AL CTWD7) | B TEXRW -~ ZAF L T BIREWODFETEL T,

Hall B[220, BER 7 4 V2 O i K> T, IRIE SN E B T D (2~ A7 SIVTZ IERLEE
B ORHPEZG /2D VI AR Z R LTz, ZO X RIRAEE ) Dh] LB EC D72 DY IE
HIZR ST B72 2 JE I AR I ] CHRIE e DA EN 23— E L T, HDWIIFRED B D L0
HZEThH T, Hall Bl 20 K722 JE e Hos i M O IRIE G ¢ O —Bea " TR LEOY, 2
Xommae hom b, T7ebb~AF 7 Ofir%E L E P~ A% 7 fi# [ (Co-modulation
Masking Release: CMR) EFEATS, ZOBGIZHONTIE, <DL ERER T HHN TV, L
L, CMR M ELDT2D DSAENBNTOBITH 0 bbb, ZO&MEFIRALZFEET v
IRZEAEESIL TR,

FZ AR T, FR~ A% T B OFIICH HEN TEIo~v AX L 7 D/RT — 2T MLE
TNET IV A) L AT CRELE BT T LV (E7 L B)O ZSOET/VEFIFL, Z
TUZZODET VOREREZRINT DI AT 5L T, CMR OFHHEET VBT 5,

ETNVOFMOTZOIT, Hall HIZRDILEF~AX o T EERO FERZEE LI —ar
B ZODFT IIOWTENENTRoTe, BT /L A Tl A —OFFICEfRRL, v A
—HIRE OB IME LB IZ~ A VT RIEN LT, — 5, BT /L B Tld, v AT —OFHIZE -
T AR T BEICE L ool TU 8 LIS D% 6 T3~ A — H g O N B4R
IR BIMEIT AL L7gd o7 | ARSIV S T~ A0 — iR 0¥ & b Ic~ A%
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YTIRBRDE Z D EVIOREIR GO Tz, ZORERITH L BT > DET L OfE RS
SYHERIH L7 O~ 2% 0 7 BE ARG 21835 2L T, Hall 52VRL72 CMR O SR &[]
FROME ) 2~ TR S DT, ZDEED~ AR VR EIT R KK 8 dB Th-o7-,

ZNHORERNG FIREEET L DI HEL T, Co-modulation Masking Release D<€ /AL
AR ST LDV RENTZ,

2.2.4 HEHIHNR CFREEILR) OTT ML Ui L[13)

NENE, FOVICKERHEET D0, EEHOFEE PFIEL TODLIO7RUICEB W TEx s, HiE
T HREHE DE A IRINAICHER T 52N T D, Ziud, ARSI T EEES T E
Tl ET DRI TWDZEN K THD, LEDLIN TS, ZL T, ZOREIEL, Hif
HEZh 3 (lusion of Continuity) &2\ M3 E BRIETE HL4: (Phonemic Restoration) LRIV TUND, &
L. ZORNDPET ML TELRBIE, BT /WIS IS ErbEh W B F LR, £z,
HEE XS T Z AW B 2 Tl T2 EN A REL 22D,

AREClE, #EEHE R OET N EL T AT MLE — 7 OBRBHNEE, ZhvEd LT LTz A
VRO T RHLEEPNELZTRE T D, 2O BRIITIE, 2 BT AT AIEDART LY — 7
DI, IFIS IZEDAI MU E | T TICSES FRFIEMRERINTVDD, ZTHD Tk
AT ML DY =T DHO T REBHNE TH -T2, fiIARTMUCEREELD, ZIHD R G
EAHO T, FERIETIXR D LR AT VR EL B, SMEEEZ LTS,

(1) EFRBEEEET T AT AARRHEETEZ L TH AT ML RSN AT

(2) REEART VRSB EENETHOFEHLND T, MEAXI ML OE—7%FT 4 DDX
TA—ZTEIT D, 4 DO/FA—=H L%, Shamma HRMRELZER — KB OET L[22)%2bE
IZLTC, =2 ORIE, B, wHhE, $FEE | Gabor BISAREIEE L Ter = —T Ly NS
THHLZLDTH D,

() 4 DDINTA=Z D% 2 IREI AT LTRLIRT D, ZL T, ZOVAT LZ HNT, HEE D
RV TIEZNS D/ RTA—=Z 2B | MEE O X TIEINH D/ T A—2EIMF T2,

(4) B HAOVNIIMESIT 4 STA=E00 T —T Ly MR #E W T T HIASI ML
BT 5,

T NVOMEREZ R T 572012, B RS OFHEE L2 A O S CEERZ T F P
ERELL, ZL T, ﬁ%%%fﬂ/ LR, HEFERO T E T2 o7, 7ed5, 2O T il
WREAL D LIFHERB A ThHD,

RLBRORE FL . SRR TIEIT, HESF B Th-oTh 4 3T A—2 A& T HEBHRL | iE#t Bk ALY
NMLVRBNEAETE LT,

2.2.5 EIRJTMHEE (IgkancIe][71014])
43



2251 (ZL®HIT

i B R Z=(1TD: interaural time difference)Z£5-3<EIT A ENLI ., FIRDHOE I MN/E
O HIZRZET DR DR 22 O CTHEIRO a2 AR 3 2O Th b, ZOMREIX
FBAT L T E TR AR AR BE A AR L 9~ 2 IRp ) 22 HH R B8 7 1L Lo TR BISNU[23], O DERE
BET LR IREINTWD[24], AFa Tl MiRIE OV T T ABZERE D AR TIT0 0
NOEBIBEDORE B F— 25 EE RICRBIL | 2N OA R 2R BT T VIZE A 35
EEHIT, FERROREMRRIZELND L7 R RIN 7R D D E A DA A L 7V R A5 LT 15 551 %
ADELTHW, B HBZ ORI LR MR I 72 5 X 25 B RFH 20 iz 52 %
Ej&EE ZOl \-’C*ﬁnﬂij—é

2.2.5.2 ] H[AIAH AR B

IRF ] ZE i O BEAE 13— %2 A D B DR D DAL 7V ALE B O MBI F-S< 8 F R AH A
FEBAET L TRELINTWH[23][24], HHAFEEIET MiZ, X 22 (L) I3 d51C, HIlEE OFF
TE DN AR TI KT 288 A L 7 V2B ZF AL TITD OFHEEZ1T729, (HLFEERORE
PRRRIT, X 22 (PR XU, W IEMEZR RIS DAL AR A TH KT DRTIERL, kAo
JVAIFRE B2 HX A5 T0[25], 20728, ZORME 2P HX X, FEfZER x5 /4 X
ELTHEZBIVTET,

2.2.5.3 RFfl 2= i E T T v

HREA L 7OV AR Y T T AMRIED(E B ORERERIX . AR TEAAM72Re 22 (8 10 ps)
[26]1Zx L THEF TR EITLER THD, ZOTLEMED R ZM I G- 2 DA T _DT-DI\Z
AL NN AR Y F T AMRIED(E B2 5 i FICRBL ., R ZER R T L~ H 3
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Fig. 22. Jeffress's coincidence detector circuit (upper) and spike fluctuation in the auditory nerve
fibers (bottom).
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Fig. 23. Postsynaptic potentials in a coincidence detector circuit. This graph indicates the temporal
transition of PSPs in the model after an impulse is applied to each input of the circuit.
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Fig. 24. Threshold level at the peak of the potential envelope.
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Fig. 25. Period histogram of the impulse train firing in synchronization with a certain phase of
stimuli and the spike histogram obtained by the nonlinear output mechanism (ITD = 0 ps). The
envelope of the spike histogram looks so square that it is difficult to determine the ITD.
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Fig. 27. Period histogram of the impulse train with a fluctuation in time and the spike histogram
obtained by the simulation (ITD = 0 us). The peak of the envelope of the spike histogram indicates
the ITD.
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Fig. 28. Schematic graph of relationship between the proposed models.
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