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Abstract

In our daily lives, listening to sound improves our lives in many ways. Listening
to music for healing and enjoying conversation are examples of this. Sound can
take in information actively or passively. This information can be used to defend
against foreign enemies or to plan actions to take.

Of all the sounds used to improve human life, sound sign are particularly familiar
to humans. Among these, alarm sounds are often used. Sound alarms play an
important role in comfort because they guide people’s behavior.To ensure that the
message of the alarm sound is conveyed to all, the alarm sound itself is designed in
accordance with guidelines and JIS, which indicate universal design considerations.

These have been studied in noise-free environments. However, noise exists in
the real environment. The alarm sound may not convey the message correctly
because of interference from the noise. Therefore, it is necessary to ensure that the
alarm tone message is conveyed correctly even in the presence of noise. In order
for the alarm sound message to be conveyed correctly in the presence of noise,
the relationship between noise and alarm sound must be known.The problem of
listening to an alarm sound in the presence of noise is defined as an auditory search
problem for detecting the target sound in the presence of background noise. The
important finding is that the target sound is correctly detected when the message
of the alarm sound is correctly conveyed.

Previous research of the auditory search task have focused on the fluctua-
tion of the amplitude envelope of the target and background sounds. Sugita
investigated this by mixing time-varying sounds (amplitude-modulated sounds,
frequency-modulated sounds, narrow-band noise) and pure tones in a single chan-
nel. As a result, the search time increased with the number of interfering sounds
when the pure sound was used as the target sound, while the search task for time-
varying sounds was independent of the number of pure sounds. They claimed
that the temporally fluctuating sound may have popped out. Asemi examined the
asymmetry of the auditory search task in the presence or absence of variation in
the target and background sounds. The results indicate that it is easier to detect
a changing target sound relative to an unchanging background sound than it is to
detect an unchanging target sound relative to a changing background sound. Kus-
aba considered the auditory search problem when both the target and background
sounds are variable. The results showed that the target sound is easily detected
when the correlation coefficient between the amplitude envelopes of the target and
background sounds is low. The results showed that the target sound is more likely
to be detected when the correlation coefficient between the amplitude envelope
of the target and background sounds is low. Yano defined the movement of the
amplitude envelope, proposed a method to control it, and examined the auditory



search problem focusing on differences in movement.

These results indicate that temporal fluctuations in sound are important for
the auditory search. On the other hand, humans perceive sounds that fluctuate
not only in the temporal direction but also in the frequency direction. Spectro-
temporal modulation (STM) information analysis is a method for capturing both
temporal and frequency variations of sound. This is a method in which variations
in the amplitude of a sound in the time direction are indicated as time modulation
(TM) information, and variations in the spectrum in the frequency direction are
indicated as spectral modulation (SM) information. If stimuli can be created
considering TM and SM information, target and background sounds can be created
considering fluctuations in the temporal and frequency directions. These stimuli
can be used to present both temporal and frequency perspectives on the auditory
search.

This paper aims to clarify the relationship between easily detectable target and
background sounds using spectro-temporal Modulation (STM) information. Ex-
perimental stimuli generated created based on the STM information. Auditory
search tasks were conducted using the generated stimuli. The results of the au-
ditory search task will be used to examine the relationship between target sound
and the background sounds that are likely to be detected. Once this relationship is
clarified, we can expect to conduct a simulated evaluation of auditory search using
STM information. It also leads to the consideration of guidelines for designing
sound alarms as an engineering application.

Three experiments were considered in this study; 1. Experiment focusing on SM
information; 2. Experiment focusing on TM information; 3. Experiments focusing
on the SM and TM information of target and background sounds, respectively.

In the experiment focusing on SM information, a one-way ANOVA with the
center frequency of the background noise as a factor showed no main effect. Thus,
the relationship between the SM information produced by narrow-band noises
with two different center frequencies indicated that the target sound was easily
detectable.

In the experiment focusing on TM information, as in the previous experiment,
a relationship of ease of detection when the amplitude envelopes of target and
background sounds are different. Not only that, but it was also found that the
carrier wave affected the ease of detection. However, it was not clear what affects
the carrier wave. Therefore, experiments focusing on the bandwidth of the carrier
wave and experiments focusing on the center frequency of the carrier wave were
conducted. The results showed that auditory search tasks with different amplitude
envelopes were more likely to be detected when the bandwidth was wide.

In experiments focusing on the SM and TM information for the target and



background sounds, respectively, it was shown that the bandwidth condition affects
the detectability of the target sound, even when the amplitude envelope movement
is the same.

These results indicate the following three relationships between target and back-
ground sounds. 1. the target sound and the background sound have a relationship
with different amplitude envelopes; 2. the center frequencies of the narrow-band
noise used for the target sound and the background sound are different; and 3.
the relationship is that the width of the target sound is narrower than the spectral
width of the spectral modulation information of the background sound.

STM information is known to be related to the spectro-temporal receptive field
(STRF). This finding and the experimental results suggest that the auditory search
task cued not only information processing in the auditory peripheral system but
also features processed in the STRF.
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WOXIR D f. 53525 Hz, BW 23132 Hz DD 2 FZIEA L-HINFH
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B1E i

1.1 B=

HEAFBICBWT, S2HL 2 3ARaroEmE2EIICT 5. HlXIE, &
WEPRFEER LI REDPDITONS. ¥z, BEHVWT, HEWEHRI L
Wk, FACERERILD, BESFokD, TEBOREHEZ TR 5. 1HR
2132 MWIRICBWT, A7 TA—T 4 TR [1)[2] D & 5128 2 EIRANCHEI S %
WL, FRCADERRTEREZEIBETRRNRI LI EZRS. £z, K
BEOY AL YO XS RELERTVE 2 BN T 2 BEEASEE L WS
BRI, ZEWRERLEOFE EX 5. 20 &5 RIEHIC X 2 ERLEDERE
ZRETC, B MIBFZAFHEOHICED AN, HWs 2T, EiErENrICT 5.

t FOETFEOHT, b 2HOHFTDH, FRCTH A Y EIE, L bOERICH 5.
ZOHFTHRICHRABE X L KFHINS. |MAEX, KERBROBRIEORLE - T
YWVolkAvb—YFIEZ 5 [3]. FDe, PulELAEEERITS FTEERKE R
o, AIEFORO X v —I8, TRTOANMEDS X2, Zo"—HLFH
A VICEB UG ERTAA R4 >[4 JIS[F] I & » T, HAIEEENT R
SNTVWS. WHAIBEORHES 2 HHEI T 2%t H 5. B 613, KERIEFD
HHEDFHENRE —NZOWTHMEIT o7 (6. 20056, HIAEDFHE S
Z—rp, AL BEELRTHOTS, BAMTRL-TWED, B2 Xy
L=V EMA DD TVBEEEF>TWED T3 IR EfI . KR
5%, AIE OIEFELE L HIREFRNDS Z 212k - T, HYIREHAHF D ON/OFF
RE— OV THET LT [7).

IS IRAE BIRD0HTe, HEL VL EOBERIC X 25T TH % 72 L
ERRNE EOMGTH 2. EREE T, MHFICII2BGENELET S, WAEE
HEE W X 2 EDRET, MAEIRD, X v t—YOFEKRMIEMITED 5720
ZeDBD DB, DD, HEICLIBENIDH-TDH, MAIEDROX v —
DHELLMEDE LT EIRNELDHL. HETTHRHEZEL{IEZX27DHD
BEte LT, ZERINZRRAIEDOERGIRCER LRSS 5.

HEEHICBWT, EE5E ST OIRAMMER 2 L 2EEEIRF NP
TLRRDZZEDPMEZINT VS 8. ZORAZFHL T, EEOREIT WG
TH2, HEEROBAE D ERGIECOWTHFBThbhiz (910, s,
HEHEPBHA I NPTV EOMA T L HESFOMNBERFRERLE. Z0L5% 2
D5, WA OISR T WERKRERFECIONT, HSEEDERT

1



HonRshTtna.,

ZIT, HELHANEOETERMOBBRICERT 5. MY LT OWAIEH
AT Ve ZOBFRE, BERHMZHVWTRTIZLIIE-T, BDEERA
M & SR WREIPTR 2. BRFTEIC X 2 A S0 5 WA & oBEfR
redy, TERMICEARMIAR T VARG T OBGRE RT I e T
WX, MHEPELLED2IEHE RS, ZDDIIHE L MAE DOBERIZOW
T, B2 oMAE XN MEE, BROREoF 25, BHEVRE
EREIT 2REERCM- T, BREXD2H0 0 HNEEMAIT 2HIHEHER
LTEZS.

MEBERTIX, EADOLE 2 —f 1] IS s L5, ERET 2
TR L R RSN -7, B2, HIRE MR B—o
FHOATEVNEROGATIERY 77U VRV E 20, HEOREERD
FRADEGEX, Ry 7Y NARPEER NI ARSI TWS [12]. £/, 1
BRIEIBLEEDTRL b o TE D, BN EWTIFERBOT D 6, Bhats?
RN EFEEZRRE ST 2 Z e DHHETH 2 Z e RENTWS [13]. BEHETH, IE
BEOMED FERIITDOIT WSS, BERERTHOWEREOWRE, FlE O 2R
FEREBEROMROHE L X2 5 HERRIZETEEMAORMA L U THENL X
ATV [14].



1.2 BEHERAZE

BHEREZE, HNEOHLLERERH 203 R5METHD, HWE
EERED1ODF ¥ FVICIRA I NN (RESRM) &, ZEHBNEFESEH»D
PIET U725 (RSB 25 5.

BEFMFITOWT, CHLIINELZEE (RIEZHE, BEEEHEE, Peirsst
H) LHiET 1 F ¥ AVRAET 52T, FERGEREZITo7 [15]. ZORHE, #
BrZHNE L L 2ORKRKMIIVFESEORICKFLTHEMLZz. —/iT, K
MEE&E OBERFENIME OBITHKEFEL RWIERE 2o/, B, 2ok
DWW, FEZEENEN Ry 77U M L7222k o TAHELZE FRL .

FHLOWEZ S &I, FEAE, HNELERED, ZHOFRCHERTHER
DIEIMEZ AT U7z [16]. 2 DAER, MEREBICBRR L, Z#rd 2 ERE D
LEEDPROCHNEZRA T2 LD S, ZELRVWVERE»OLLENH 2 HNE
EAIT 2IEDPMEFNEI N T VI ZR LTz, ZOEBOER» S, BRI
MR E METHL20HE L TnS e FIRL .

T H 2 HE, FEACHEHMN TS, I TESEIZ, HNELERESOM
BICEIMD D 2 55 OMREREME L2 (17, ZOMETX, RIBEEROHER
FREZEUEL LTER L. ZOMR, BHE & TRE ORGSR OELUE
PEVWE ZIHAI ISP T VW e 2R L. ZOHEMIFEHERTD RonifE
A [18] ¥ [k DMEAITH 5.

B OWIZETIE, IRIBEBRORTL > HlElx S h Tnigh otz & 2 TRE
5, RIFCHSHROBI X ZER L, FlHT 2 AEOREZITV, RIFCISHROE) =
DEWCHE H LR R EMRET L7z [19][20). 2O, b FoBERICBIT2, &
DENE G DOHIE [21][22] & H LU CTHIEDER S 2. 2O ORGSR, BE
HEREORBEISROB X ICEND 2 L EHNEIRF I NPT VW L ER LT,

2R Z TR, D & LERERICOWT, PR S I3 22MAR &8 T
b, HNE L ERETOLFOA M CTHTHRRDIENFMEZ BT LTz [16]. Z Dfb
R, ZHHRH2ERE» OEHMPB R CHNEERA T2 X0, ZHHLRVER
EDOEEHPD 2 HNEZRAT 2E5 PRI T VW e 2Rl 72721,
ZOROMH DML, BRESFFCERD, REEEEN Ry 77y Lt E
EL7-.

Eramudugoll I3V 7 /f£2, 4L >, HEE LKFIRE DL REETFEDH
Z2EDOHN S, HEREICHIE LR 2 OERY 2R L TRFIZ B2 [23]. 2D
R, FMUEMrOERTE2EIDDELRIGHND»LERT ZIEIPHMAINLT
WZ AR ENTz, ZHIZERRAERBRROSHNE OB I3 X8
BZTWwWaZeZergL 7.

ARFZETIE, 1L1HITHIBRRZ LS ICEDEPRA NS X 72w, HIE DA X
NPTV ZOHNE L TREOMREMETT 272012, RAEFKMHICERT 5.



1.3 BEMROMER

SEATIHEE D &, IRIECASRORREZENEE THSL Z e ZmdIN/z. LirL, HE
RE T T MIEBEROZENIZOWTHIZATS. 2N DifRE, BIEEOZE
ENZOWTAEH L TWARY., ERE MOIVWHERERMEZ S T2 251X, H
RN DO WTHRET T 2 0B D 5. & ORI 7 A & JERBOT MO 7 OZE)
ZHZ 571K LT, spectro-temporal modulation (STM) 1E¥#R7IHT [24] 23D 5.
ZAUIE ORI FOIRIEDO LB 2 R (TM) 1EiRe L, BB MD AR
7 PNV OEFE AR PVER (SM) TB#Re L ORI HIETH 2. TMIRHE SM
EHREER L CHIRZER S 2 Z e TEAUE, RIS W & BT E O G O
ZErEZ-HNEEEREMEKTE 2. ZhofliBEMAL, FEEHREMN
RIZOWT, Maf3228iI2&oT, HREFTOHNE ORI AL TWERAEIZ
DWW, RRTH & A BOT AT ORRP HRT e R TE 2.



1.4 ZAAEEOBER

ARZED HINE STM 1F#HE W T, BRERICBIT %, HNEIBRAIZIAST
WrEo, HEBREOBBREHLNICTZ 2 THS. AUKETIE, T
W% [20] DR E SZIHIREER L, STM 02175, FERR L Z2HliH%E FwT
FERBERERZITS. BREREROMRD S, BNESBRH I AL T VWHNE
CEREOBFREMEIT 5. ZOBRMSIHLICRIUE, STM E#E W=, Il
HBERROY I 2L —y a VIHMliORESIHFFCTE 2. R T¥MICHE U TR
Baet e OMEHIC D DR N B.

1.5 ZAFEX DS

AL OMERZX 1.11RT. BIEIFRTH L. MAERB LR
WwRZ., TN EZIITCHRNEZRNS., H2FETIE, KFKTHEKS DMFETH S
STM IHROHTIZOWTFIEE BN, STMIERTHESN-HRERRZ. HI3ET
X, SEBETT2HNE E EEEOMRICOVWT STM EREZHWTRY. H43E
TlE, ZoBFRED EIERL ZHIEEEHWT, BEERRIEBRZITOHNE KR
HMahed ez, HIE L ETREOBEFREZ T, HHETIX, EBFERLD
LICER RS, HBOETIX, HoELICXIhZ by, SHKROMBEEBRND.
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F£28 STMIBHRIDhOBE

2.1 STMiEHRSFDOFIE

ARFFETIE, SCHK [24][25] DFEE BB STM [BEHRANT 21T - 72 STk [24][25)]
T, AU TV 74NV TEOLNIEARZ Y a s 22 LT, 22T
7=V IEWETH I I E o TSTMFEHZRDZ. ZHUTH LU TARETIE, IR
BEAEMROE X2 X D EWIMETHE LW, EWEBI Y~ b—r7 40
ZNY 7 RAWT STM E#RE RO, STMIFHRITOTay 2 X4 7275 Lk,
211277, (a) IANEER, (b) EAXRZ raZS 4, (o) ZSTMIEHRTH 3.
AFTHW STM (BT, WA o~ b= 74 2 Y 7 %2FH LT,
AJMES s(n) ZHE2ET 2. kFEHOF ¥ XNVICBI B ERBA >~ =27 4
WENY T DAV rOVAIRE ge(n) 230 (2.1) 1R, B, RiEZ A, FE%Z ¢,
T4 NVRDOREE N, williE% B, fifHz & & L7.

ge(n) = A(nAt) N =Y exp(—2r BnAt) cos(27 fynAt 4 ®) (2.1)

BT ANRIETA D -3dBTRET D LS CHBEIN. ZORDEFEHD 7 4
NEZDOHT 2(n) 13N (2.2) 1T 2. BB, « IBEAAAHEETTH 5.
zr(n) = gr(n) * s(n) (2.2)

re(n) XL, 23DXS AV MEMB LN 2FUHEZT LI I2XoT
RT— &I 2 (n) BRD 3.

ei(n) = |zr(n) + j - Hibert(zy(n))|? (2.3)
7272 L, Hibert 3~V VEHTH 3. ZOHE, 7 —dikiizg, R (24) D&
IIHBETEILICE>TARZ b ar T L2185,

ei(n)

e*(n) = q@) (2.4)

ex(n))
RIZIZ, N7 —ARZ bR L e (n)icf L T2 %7 — Y & (2DDFT)
T35ZET, STMIEHREE3.

STM(m, ) = 2DDFT(e?*(n)) (2.5)
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AL, NT—ZART MUIT B, BEBRBTRO AR b VELD SM HH
T

LT, WEAHRDARY FAVZLD TM IS E LTRSS, STM fEH,

B - RO 710t L TR B2 ART PAB(EDRREI N DI S.
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2.2 STMI{BERTHHI>TWBHR

CNFETOMEIT, HHME STM BEROBEBRTHL IR > TVWS ZE ZRT.
STM &R BADBFREM 22173, BB ZORIISCHA[26] XK DEIHLZbDT
B35, X2.2 ORI TMIEER, B SMIEHRTH S, TMIEHRT 20 Hz KDk
COMEIIL, FEHELR E DFEINERICHES T 288 27], SMIHHT 4 cycle/octave
M5 6 cycle/octave (LD EEOEIE, & OMRNCE 53 258 [25], TMIF
T 30 Hz 205 150 Hz (OB omEEE, SMERICESTHEOHIICHET
LTI TH % [26]. HEIZSTM ERAM ZAIH L5 TlE, &5 OB Z M
A U 725850 (28] B 75 ORI O i 21T o 72 i%% [29], FEadakic STM [6#h: &
B o 25880 FW7=if5E s & 5 [30].

Zh ooz, RFRONRTH 2, HNEOHRHA I NPT I ICHET 2HR L
LT, BOHIBR T I 2RIIEHWBEERICED AP RESNATNS. K
Fi & ORED 5, STM [EHROE TR R RO R ASEEICBEb o Tna Z e
RBENT [31]. -HF S OMETIX, BERMBEEND STM B2 K O &K
FrEPIEENEELICED > TW3 Z AR X172 [32].

STM 1EHICE U CTAEMZNAR Y LT, EROERIEIIR 2 MERTH % 2
K7 ML - FFEZ AR (spectro-temporal receptive field: STRF) & XHE2H 5 Z
Y AURENT WS [33][34].
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F3F 2BBEOENESSINI-REHD
STM &Rt

3.1 SHhOBE®M

AT O BINIERRRER CHEH I N2 HNE TR E OIR2, STM [HHIC
BWT, YOXIRXEHEINLIHITARBZ L THS. AWFETIE, iTHZFE T
XN HBOERITEICER LT, SMIEHE TMIEHRICY D X 5 2B %R»EHA
% DTz,

3.2 EBRIBBEEDZIFED2EFD STM [BIRD

SM IEHROMFHZDOWT, RETDIFETIE, MF THR SN E OB
DWTHRT XN [35]. F72, JefTHFSE [19][20]) TlaBeh st = 2 IRIEZEH L 72
DEH XN ASETD, ZuCfiivy, PEEMEE 2 IREZH U /-8 % 55
B35, Bz 2P0EBEE D 2 RO S 2 O Mat 21T o 72, Hul
JEITREL DS 1050 Hz O st = & HDJEREL DS, 300, 525, 1600 2100 Hz ORI
HMEDO2BZREALLEZDO STMIFEHRZK 3.1 X 32 X 3.3 X 3.412R7.
M TM 1R, #HEfhd SM &, 57— N—3REV—-TH 5.

IS DRERI S, FLEFRBDZIIHE L SMBERICY— 27BN 5 2k
PHERR L 7=,
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Spectro Temporal Modulation

Spectral Modulation (cycl/kHz)

0
=30 =20 -10 0 10 20 30
Temporal Modulation (Hz)

3.1: HUDJETREDY 1050 Hz & 300 Hz O it s o 2 EE & X = HI o
STM 18R, Hiflnd TM IHH, #Helhx SMIER, &7 —N"—REARY — %2R
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Spectro Temporal Modulation

Spectral Modulation (cycl/kHz)

0
=30 =20 -10 0 10 20 30
Temporal Modulation (Hz)

3.2: HUDJEABAEADY 1050 Hz & 525 Hz OPm i s O 2 EHRE S N RIB O
STM 16¥R. M TM TEH, Mo SM G, 77— "= RE T —Z2RT.
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Spectro Temporal Modulation

Spectral Modulation (cycl/kHz)

0
=30 =20 -10 0 10 20 30
Temporal Modulation (Hz)

3.3: HUDETREDS 1050 Hz & 1600 Hz OIS O 2 IR E XN =HIIE O
STM 1E¥R. Hifld TM 1HH, #Helhx SMIER, &7 —N"—XREAY —%2RT.
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Spectro Temporal Modulation

Spectral Modulation (cycl/kHz)

0
=30 =20 -10 0 10 20 30
Temporal Modulation (Hz)

3.4: HULEREDY 1050 Hz & 2100 Hz OIS O 2 DRSS =IO
STM 1E¥R. Hifld TM 1HH, #Helhx SMIER, &7 —N"—XREAY —%2RT.

16



3.3 EARIIRETRENRD ZIFD 28D STM EHRDH

HIE & T8 E ORIBEGIRD, B s 20 STMIHEREFANZ =012, HfT
BH9E [19][20] ZZ & R E L 7. gz Xy o3> 7V 7L, FIREY
DNV RRRAT 4 VR BT Z 8 THIBDOIRIETAEHRZER L7z, 2 DRRIC N>
RoSZ 7 4 VR DR & PO E 2L X5 Z 8T, IRIETAEHRO TH R
DIEXEHRIEL. 20, 5o IRIETEESROIRBEDO ST Z 0, ZEE%E
+0.5ICIERLL, TCoY > 7V Y TREBEBIST v T T L. RIRIHR
TR AR TR OME 2 HNT 2 Z 2 IS X DRI ERR U7z, ER L 22805
NTH 7Y > ZREEE 20000 Hz, fERIEZ 3.0 B THoTz. Xy BTy >
ZH 7))V ZEEE100 Hz TiT o 72, o3 E ch - 72, Z o
RIROHFULERE % f., ®wiEiEZ BW & L7.

FIR 7 4 VR DR T A —&IZ, SEATIE[19]20) THHAS AL OZEH L
2. BRI RX—RERILVITRT. ZhHDfHIE, b FANBRETE 2 IRIBCERED
ZAEREDY 20 Hz £ TTH 3 [21]22] L WO T HRESINT VS,

X 3.5 12 2 F DIRIF IR R 2 £ 20 STM IHEROH 2 -3, Al TM 1
], WX SMTEHR, H 7 —N—IFREAV—TH 3. LEDOTXRXTOXTHIH
HTH2. RIBEEROTESMOMEEA 6.0 DRIEY, 8.5 DFHMEEREAE L. #
KD f. 531050 Hz, BW 23 1/2 oct DFBMETH 5. ZOK» S, HIER
I AR O TE SR O Z 120 L7z, TM B 2 2 & SM EHRIC AP - T,
ARY SADBINZ DO 5. FRFERDOEMNT, BWZZEE LHZK3.6 &
X 3.712RF. 2B I DORD 2 FDOIRIEIMEHR & XKD [ 1ZK 3.5 LRI TH
5. NSO S BWHBE 212 L7203 -T, SMIBHD AT MADILRD S D
DDH 5. WaRIKD BW % 132 Hz IC[EE LT f, ZZEHE €72 STM 2K 3.8 £ X
39 K310 T. RBZOKS, 2 FDRIFOMEIRIIK S LR LTHSL. Z
oW f.HRR S e XX, STM EHRICRHTE o RIS R D - /2.
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R31L ANYERRAT 4 ILRDNRT X — & L IRIEOIEIEOTES B O E =

v o IR CLAS AR D
HUDVJETREL (Hz) | e (Hz) TEL P O
2.00 1.0 1.0
4.75 1.5 3.5
9.25 1.5 6.0
11.50 1.0 8.5
14.25 1.5 11.0
16.25 1.5 13.5
20.00 1.0 16.0

18



Spectro Temporal Modulation
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3.5: WoEIE D f. 53525 Hz, BWAH31/2 oct DFFD 2 HXREALI-HNE L HR
B OIRIE OISR ER2 2 & 2D STM 1EH. Ml T™M fEk, #eHhid SM &, &
Z = N— RGN — 2R
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Spectro Temporal Modulation
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3.6: WoEIE D f. 53525 Hz, BWAH31/2 oct DFFD 2 FEREALI-HNE L HR
B OIRIE OISR ER2 2 & 2D STM 1EH. Ml T™M fEk, #eHhid SM &, &
Z = N— RGN — 2R
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Spectro Temporal Modulation
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3.7: ok D f. 532100 Hz, BW 231/2 oct DD 2 FEEALZHNE &
REOIRIETEMRD R 2 £ & STM TEH. HE TM B, Hefid SM H#H,
AT = N=IIRIE T — 2 RT.
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Spectro Temporal Modulation

5 15000
N
I
<4
o
>
L 110000
83
-
©
=}
32
= 1 5000
g
o1
o
(7p)]

0

0
=30 =20 -10 0 10 20 30
Temporal Modulation (Hz)

3.8: WoE D f. 53525 Hz, BWH 132 Hz OO 2 HREAL-HNE R
B OWRIFCIA&HRD 72 2 & 20 STM 1HER. HEiE TM 15, Ml SMIHR, &
Z = N3 RIE T — 2 RT
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Spectro Temporal Modulation
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3.9: LB D f.H 1050, BW 25132 Hz DD 2 F R EE L-HNZ T RE
DIRMEEAARN R 2 £ & D STM 1HH. o T™M HHR, M SM 15k, »
7 = N=IHRIE T — %R T
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Spectro Temporal Modulation
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3.10: #EEE D f. 532100, BW A 132 Hz DR D 2 HEXRREAEL-HNZF L 5 R
B OWRIFCIA&HR D 72 2 & 20 STM 1HR. Bl TM 15, Ml SMIER, &
T = NI RIE T —ZRT
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3.4 2BHEDOENERSSNIREAD STMIBHRDOF L H

REITIE, TZETHNELERSEZ2FNZNURELEHFHASZS L LTEZTHONL
Tz, AHUBELERED STMERICOWVWT T H 3.

o HIE L HERE DOHULEBE DTN L7z SM [EHIC Y — 27 238N 5.
e HNEBE L HEREDZNENDENZIINIL L7z TMFHRICE — 27 38 5.

o WOXP R PRTIHEE & L a, WEDILL &2 e, SMIGHDILA D 135k
{725,

o WOk Z PR M & L2358, Moo ETREUC X 2 172 - 72 Bk
1 SM IEHE IS IR .

4FETINSD STM IER E HIE DRMAID TN T X OWTHERERER =T
DT XITED, EDXORBERYED B PHLNIZT S.
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F4E STMIEHRZH CIIERR L =R
B AW -HEEIFEREER

4.1 SEEROHN

EEEDO BINE, STMIHFREZSZICLTERLZHENE EREZHWT, BA
ERRTVHNS L EREOMBREZHLIICTZ2 I THS. EBREOMEXZ
K 411231, ZOXTIX, 3382 E2 T, SFEROFBOREZ & ¥ 125
DEBRERL TV, ZOEBRBOBERICOWT, EBOWH L & HICHHT 3.

T3, FFRBARY MUV EBZBAIDO IR T ZICOVWTHLNZT 57201,
SMIERICEH LSRR EITo /2. K, FATHZRIC- T, REAHOEENC X
ZRAENR T XIWCOVWTHLNIIT 272012, TMIERICEH L7EBEE21T-
. ZoOrE, WoRRICEH LEERZITY, TM EWRSHNE ORI hes
XWCHZBHEER L. RIS, ZhoDREZIT T, BB ERE O
KA CREOMA X e 3 WEERYY, HNE TR EOWXEN R 5 & & T
LN OME I LEIASLMICT 372010, HIE L EREDM D SM 1E# &
TM EHRICEH L7 EBEIT- /-

FTARTOEBICHIE T 2 EEHSM 2, 428105 4 48BN S, FEBROER
WZDOWT, 4.5 i 5 4.7 HiZibN3.

4.2 EERIRIE

FRRIEEANTITON-., EBRELXK 42 10RT. EEREZa P —%
Mo —FT 444 X —7x—A (Fireface UCX) , v KK 77 (Audio-
technica AT-HA 5000) #/7 L, v F7R> (Sennheiser HDA 200) 12 & > TER
I,

4.3 REBNE

KERBMNE X, EERBENEROREGE IS (BiEs £, k4 &, FHE
Wi 24.5 & (BEHE(RZZ +£2.0)) Tho7-.
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4.4 EERALE

KBS INEF I HNE ORI X2 2% Go/No-go ik % X¥/=. fIHiz, E
BSMEPHNEZRASET, HEZHDELERLE. 20%, HREL
FRFICHME 2 20T (ERT) tBNEZ&ERVWEIT (A1) 270 %
LZEML 7. BETIEIMAER 2z E T — B8 57D, ERELXI—(E
BrARICERL:. ERAPICHNE 2SN D2 CDIHEE D 1.0
MM —ERLFENEZE2R L. BRENEEIATWAIHEIET 4 AL A1
BRENZYes RE V%, BENTOARWEE NoRZ Y EHT X512, EBRBM
HIZHRL .

4.5 FHEAE

TRTOERT, EREROFEfEEREE LT, ZBRSMEDOKIG (Hit: IEadAT
WIEDSGE, Miss: IETICAEMROEE, Correct rejection: BERATICIEME L 72
%&, False alarm: BERTICHAIEMOSGE) 2 eIt d Z2XRD7%. d13ME
SR [36) TERSINTWD. K (4.1) ITERKERT.

_ Msy — My

ON

ZZT, Mg,y WHMEDEENTWS LHIWTT 20DV, My ZEHNED
BENTORVEHETT 2 0MHMDFE, onld/ A X0 ERT. BBIOD
RERNEOSEZEN TV S LT 20 BEREEA TRV EHIETS 25
MOFTEHITFELVWDDE T 5. EERICERRMR L KRD 212H7 > TXH [37] 25
B2 LTkD 7.

d (4.1)

4.6 EERFRIH

TS DVERRTIEZ 3.2 Hi & AR O W TR HE L [ARETH 5. TR TOER
THIEDERL AU CEHZEFEL XL 70 dABTH o 7. STM 5871 %2 4T - 7= %4
CRERIZ, TER L7203 XCTH > 7Y > ZREEE 20000 Hz, #IFEEIX 3.0 #
ThHholz. RUVH YTV 7Y 7)) > ZREFEE 100 Hz TiT - 72, #oEIZ
WRIBMEE CTH -7z, 3E A Z OWEIROHFLEREZ f., w8liEE BW &
L7.
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4.7 SM1ERICEB L1-RER
RBERHDNFX—%

HIEIX f. 1050 Hz O s =, 53 f. 300 Hz, 525 Hz, 1600 Hz, 2100
Hz OBt S 2 L. HNEEEREDOBWIE1/2 oct TH o7, EHEAT
TREESFICHEHT AT »S 7 v XL 12 L, B85 L FERIC
R

RERFER

FEERERER 4.3 18T, BENIERE D f., M3 2R3, &R %
HELIELAYDEMET252BATWVWE. ZOZELHF ¥ Y ALULE#EZ T2
MR THNEIBRATE TV Z 015, BRED L. 2B KRN LT1ERHD
TN EATo728 25, FMRFERD b zd -7z (F(3,32) = 0.02,p = 0.996).
2 DDLU RIS 75 2 P S 23 2 SM T HIC BN 2 BIfRIIMAID S hose
TV oo, LaL, BW2AREKETHRAIZASL T IICHELZE5Z2Z TV
Dh, fRHEEZTWE00Ebr SR o T,
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Detectability of target sound

300 525 1600 2100

Center frequency of background sound (Hz)

4.3: SMIBHUCAEH L OEBAR. MidERE D f., it 2R3
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4.8 TMiEHRICEELT-E8

4.8.1 IRIEDRIRICERLEER
EERFBDINT A —H

HE X, RIECEROTES B DIEE DFE536.0, 8.5, 11.0 D 35&H4TH - /-.
B RE OIRIECMMOTEA B OME = 01X, HIE OHRIETLASHR O TH R R Ot
XD DEN £2.5, £5.0 8125 X DICEE LTz, FMoEP3prisH s ©
HYH f.525 Hz, 1050 Hz, 2100 Hz D 35H L, WIHLd BW1/2 oct THo 7.
RBHNE  EREOWERIIFE—DAFEHEHTH 5. XI—EH5ICIXHNS
DOWEIL L R U f, & EBEECT IR Z R o BEE 2 A L 7.

RERHER

H S OIRME SR O THAFE OH = D323 6.0 DEBRMERZ XK 4.412, 85D
EEHER PR 4.512, 11.0 DEBRERZX 4.6 1R T. MEHIE R E OTEAB OE
XY, Hitik d RS

BEMED d DFEE R LIZEAEDEHETIORZBEITVWS., DI Eh
6%¥/xv«w1%505%th%Afama#ﬁmf%fmé bRl s iR
5. ZZTHHEDIRIFETEASHOTEHAM OME =X D, RIGCIEROE X DZE,
%ﬁ&@ﬁ%%ltbf3%l@ TR T o728 25, HINE DIRIE K
RO TEM B OME E D (F(2,300) = 10.67,p < 0.01), RIEBTUEROMEE D=
(F(2,300) = 48.43,p < 0.01), #XKD f.(F(3,32) = 14.36,p < 0.01) TRXTDE
KTEMRPR SN, FLZEMREZIToRE IS, HNE L EREORIED
RO TEHMBOME =2 6.0 T, HEXDED - 5.0 THEZEMHITBNT, #HEKED
(ﬁ&m&@% CWEER D f. 2100 Hz DEEWCEREEL D -7z (p < 0.01). %

ITRR%E [19] e [AERRIC, BINE & B RS ORIETIEIRS 2 2 BRI S ed
WEWS ZEWRENE., IAETICE Y ES T, WREPRAID IR T X
WETLIeB Dol LaL, MERKRDMPHEELZEZTWDhrbh bk
o7,
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4.5

525 Hz
4 1050 Hz
@ 2100 Hz

Detectability of target sound

1.0 3.5 8.5 11.0
Average change in amplitude

envelope of background sound (Amplitude/s)

4.4: IRIGCLHERCHE B L2 REL HRE OIRIBTISDOIHE 2 6.0 D55, Hilil
FHERE OIRIECHEROEE, Mt d, NFEERED f. 2717,
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4.5

525 Hz
1050 Hz
3.5 m 2100 Hz

Detectability of target sound

3.5 6.0 11.0 13.5
Average slope between the vertices of the amplitude
envelope of the background sound (Amplitude/s)

4.5: IRIGCLAERCAE B L2 REL HRE OIRIBTASOIHE 8.5 DE. Hilil
FHERE OIRIECHEROEE, Mt d, NFEERED f. 2717,
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4.5

525 Hz
1050 Hz

3.5 E2100 Hz

Detectability of target sound

8.5 135
Average change in amplitude

envelope of background sound (amplitude/s)

4.6: IRIETASHRICE H L7558, HRUE OIRIBCBOMEE 11.0 DHE. Hfid
HREORIBUSROMEE, Ht d, NIZERED f. 217
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4.8.2 #HRIESEHR X ROFERICER L7cRER
KRFHDNSX—4

3.6.1 DFIDFER Y 3.5 HIDOEEBRDAER D S, WX KO FEHIES A X LT X
WCHER G Z =00 LIvgw., £ 2 THEERICHEH U 7230 s o BW 25 HEY
LZOMAIZNRTIICHELEZ TWADLE S pRHLNICT B7-012, WK
D f.2EELT, BWZZLX BB ETo72. HIVE, RIESEROTER
FIDOMEE DE036.0, 8.5, 11.0 D 3&MHTH 72, HEEDIRIECIEROTELM D
HZ ¥, HINEOIRIFECUAAROTEHAMOMEE D DD +2.5, —5.0 &
25 KDITRE L. FMX3PemEETH D, f. 1050 Hz D 15&4F, BW
1/4 oct, 1/2 oct, 1 oct D 3E&MFTH o7, ZREBHNE L HRE OMERKIXF—D
JAREEIR TH 5. XI—EHICITHNEOWGER L[ U f. & B BURIEIEZ R
OIS 2 L7z,

RERIER

HIE OIRIE AR D THR R OMH = D408 6.0 DEEFERZ M 4.712, 85D
Fha R 2z X 4.812, 11.0 DFEEARERZ M 4.91R77. BEll3HE RS OTHRHE D
=V, Mt d 2R

BEMEDd ZRBZLIZLALDEETIOEZBITVS. ZOIENHF v R
LAULTH S 0.5 ZBRAIMERTHNEPBAITE TV 2200 5. HNEOD
IRiE LA FR D TH R B DE Z D1, IRIBTBIOMEE O ZE, XD BW
ZERE LT3EROOEANEIT-o728 25, HIE OIRIEEISHROTEA D
HE CHEMEAS DD (F(2,148) = 3.06,p = 0.050), IRMETIEIROMEZ DFEHD
72 (F(1,148) = 15.26,p < 0.01), #XHD BW(F(3,32) = 24.05,p < 0.01) £ 72D
FMRPE SNz, FLZEMKEITo/E 25, HIE OIRIE ISR D TH M
DI E DIFITD 6.0, HEDZEH - 5.0, BW 1 oct DY, HIE DIRIE TG
DTHRMDOMEZ DFIH 6.0, HZ DFZED - 5.0, BW 1/4 oct DFMFETHEED,
Hotz(p<0.01). WEEED BW HBBHIOZNLTITHET L 0o,
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Detectability of target sound
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bandwidth (oct)

4.9: RIFCIFEHR & WoXPE DR IIEICE H LR OMER. HINE OIRIETAED
EHEH11.0 DGEE. BT ERED BW, #it d, NMHNEEESOEE 2R,
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4.8.3 IRIBEHSR XK DOPOERBICER LTI-EER
KRFHDNSX—4

XKD f.AENEORAI IR T I ELEZTW200Y 5 0 EHL 2
2T 372012, WORKDO BW Z2EE LT, f 22 {bX8-EBE{To7-. HIHE
WX, IRIEEEROTESHOMEE DOFEIN 6.0 Db DEMH L. TREDRIET
AR THAMOME = D FEINE, HNE OIRIFECAROTHAMOEHZ D e 0%
M 425, 5.0 D 2K TH o7z, £z, WaXiBIE f. 525 Hz, 1050 Hz, 2100 Hz D
3T, BWA 132 Hz D 15k L7z, B, BHE L EREOWERIXFE—
DREFEIHTH 5. XI—EHICIZHWELFU f. £ BW 2RO S %=
fERL 7.

RERIGR

EFFERZM 410177, BNIEREOHAMOE = O, it d 2R
T IRIECAEIROME Z D DZE, XKD f.2EH R e LT 2 EZ RO DEI %
Tolzt 25, RIECUKEOEEZ DL DA (F(1,42) = 0,p = 0.983), WoEKD
fe(F(2,42) = 2.41,p = 0.102) & 72 D FRRIZFRD L H o T, RO P I
HEE OHUDEBEDZED > TH HNE DRI D ST SITED LD o 7.
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Center frequency (Hz)

4.10: HRIEELFEHR & Wo%DE o FPUDEBENCE B U2 FEROMER. Bl 5
D BW, HEHE &, LPIZEREOME ERT.

41



4.9 BHEFCEEEETNTNO TMiEHRE SM EHRIC
HB L7328

4.9.1 EERRBDINTA—%

H ) 13 IRIE CLAS AR D TH S R O & D328 6.0, XA f. 1050 Hz, BW
1/2 oct OPEHIBHMEE 2 L7-. RS ORECISHIE, HINE OIRIECERD
JEHEBOEZ DT DEN +2.5, 0, —5.0D3&HTHo7-. £/, HEZFOD
WokZ f. 1050 Hz D 150, BW 1/4oct ¥ 1oct D25 THo72. BI—1{F
FWEHNE R f. & BW 2RO EMHEE 2 /L 7.

4.9.2 HERFER

EFHRZHK 411/, BT RS ORISR OTHAM OE =, Mt
d %Ry, BREORBECKFEOEAMOEZ L ERED BW 2EK LT2H
KDOBEIWMZ2 T2 25, HRED BW TEMRIED i/ (F(1,48) =
5.48,p = 0.0234). ZEIHKEIT-/22 25, BREHEDRIELIGIRS 6.0 TBW 2
1/4 oct DZEMFE, BEHREOIRIFEISHRAY 6.0 TBW 251 oct OSMFRTH BN
BHEONTz (p=0.054). HNE L TREOWEROWIBIEN R 2 & 212, RIE
TR EXDNF L THo72 LTH, WHIROFKMEVPHNFTOBMA I NPT X
WKHEBREZ 22 hbhol:.
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Average slope between the vertices of the amplitude
envelope of the background sound (Amplitude/s)

4.11: HWE & BRE ORIFCLIETR S WO O isiE & 272 2 FEROMER. M
I HE RS OIRMECROME S, MElhx ¢, NHHEREDBW 217,
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BHE WEBE

SMBERICEH L1-EBROMR» S, HNEEEREVPRRLIBER I 4 V2%
W7z Z I & D EMBOEIRME: [38] 12k > T, HWEDFELR2 D b bR Th -
72729, BHIZheTholzeEZIHNS.

TMIHRICEH L7-FEBR T, SMIBRICEH LFERE 3B LY, BHNELH
FEE, FA—0BR 74 V2 E2@3HTHo7-. ZOHBETDH, HINEI A
INBZeRENZ. T, BORMIMES, BERMERD OMNICES %
THTLTITbhaZ b 39 2 BRI % &, IRIBEIERDANEL 2 IEERERM
BTIE, BERERMRDOUIEZ T TR WERDE W70 EZ 51 3.

IRIEELEAR C WOEB O IIEICE H LK b, IRIE AR & #o2k i o Ao JE
BBUCEH LI EBROFEERD &, WoRERIHEEMEE 05E, FORREBTIER
<, MRS OHBIESRA DO INL T IWCEELrEZ TV, F-HNE
BREozhzho TME#RE SM BE#RICEH L-EE T, RIECEROE) =
NECTHoTH, MAEINRLTVWERELD L Z Do, HERERIT
Bregman[40] 23R 7z RIRFIEE (L D& 2 75 X IRIE ELE AR M7 & D3R b 5
YWVWS e THolh, SHOFERIZEITIRIBTEEIRENI S ODBEHML T 2 DT
BRVWEWS T EREBLE. ZOZ s, SMIGRAHNEORIAX LT X
DEDBLDICHRoTWEZ 2R L.

AP R #EEE X2 5 &, STM BE#IE 3.2 fi Tl N7z X 5 ICEROELHAE
IR 2 IKDOFERD STRF & B0 H 2 Z & 70> TV [33][34]. FEERRIHI
STRF iICBb 2 FEBRIETH 7. o e, ST HERERTHES
NTAEAPRIBEFAE LN TH RN 2 REED R I 5.
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F6E

6.1 AHARTHSMILIEZL

AWFEO HEE, STM iz HwT, BEFRRICEWT, HNE RS
PIVEED, HNELHREOBBRZMALNICTE I8 THo. ZDDI,
STM IF#E SH IR EER L, IEREERREREIT 7. AW THL 21272 -
722 e UNITRY.

o 2 DDHULJEREIAH B 75 2 P HES 231 5 SMIBHUCE N 5 B FRISAAT 5
SR T W D ghoT.

o JEATHIFE [19] L FAARIC, HEVE & HRE OIRIE TSI 272 2 BRI X
NRTNEWS T e ghol. TNREFICEEEHT, MXEOwEIED
MDD I N T X ET 0o 7.

o HIE B R E DR ORIIEN R 2 ¥ &2, IRIETIEEOH) & HFE T
THolz LT, WEHIEDORMEN, HINEOMAM IS T I ICHELr 52
B Moz,

6.2 EHIN-HEE
AR FE R DR D X 5 125155 5.

o HIBMDEMICET 2 ETH 5. BIEE, IRBETHZ SN L THE21T- 7.
BT, FEFRE, BB e wo IR B, 2 s Dt
PEELE LT, A% T, HOPICK o -BHE L R ZE ORI D T
OO THIUZR, HNE L ERED - BIREBETH-ThH, BEHERICOV
TSTMEfRZHWFR @GS TZEEZI N5,

o STM EHR ¥ HIVE DA X 03 X D EHE 2 BIR O M icB 3 28
ETH 5. AFFETIE, SIMBEHRZSEZCLTHEZE2ZIC&D, H
FESRAIENP TV 20, HNEEREOBRICOWTHRE L.
ZORBRIZOWT, STM ke HRUE OMAID X 5 S 3E R 0 <
X BBIET IR, 7Y X LkRES, BEIREREZITOIIC, HA
REFOHNE  EREORAINRLT XDEMIC OB EZIOLNS.
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o HIEDHIMITIN - 1 BRI LOEERRIHETH 5. Fam TR & 51
HHERENE, TRXTOE MiEb 2 L5112, TRSNTWDS. ZhbDis
HeERLRMERCT, BRERICOWTHES 2 Z e TR, Bl
WHRRIZIH-> T, MAEONREDOEMPTEDLEZILND.
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FIREHB L LT, KFREEITO LTEZLL DI 2IEEL T X o ARRME

MR L E T, RO EE L TARYDTHIEH D FHATL.
KREDHERTH 5, WARLEIIIAMILZIT IR, FERDE ORI O
REHBER W02 2 i2onT, EEn-1LET.

AREEDORHEBNE T H 2 EINEAEIIE DRI D7z > TR DOHH ISP HFEX %
HZ TN WEZ v EEN - LT,

BILXAZIZIUD T 2ETRIFFREOLEE T, HiIA3A, EFRIAZIZ
U3 3 EERIAGRREOEM O HEDRMIE, PIFEENcE T BVWEE:
HZTNELE DEDEH WL ET.

RYDREEH Y > 2 —FJE O 2 REAIZ, FEEX O N=FHHELOIH WV
52 EDMAFEIZOWT, BEICEWTL EE o2 2 E#HWEL £ 7.

REBWHEEE T INLZERIAZ, 2 A—FEHL2LTELWHT I H B
LD ST RRNCD o THARMEZTHW  Z W LES. SHETH
TADIFRARREOZ DN TEDIX, BERIADHEDENTTT.

AZRICBT 2 EBIZ, B THo7-. 2o k5> REMBOERIC, Sl
TLIEE o7, BARMEED M1 DFERIILUD & T 2 EBRBMNE OERICTEL
B L £

YRANED T, B o T MR ADOERICEH L 3. EEWIER%Z L
TREE o lBPTF T LZ S BRFCHHERD 2B TEE L.

R EERAETE D & F oW 7 AR AR TE 2 205 & RS T2 2 T Nz F i
WIGH L £ 5.
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