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Abstract

Sound, as a physical phenomenon, is a kind of wave. Humans perceive these waves
through the auditory system, starting from the auricle, one of the auditory organs,
and ending with the auditory nervous system and the auditory cortex of the cere-
brum. The waves provide us with a great deal of information necessary for daily
life. For example, the sirens that announce emergencies and the time signals on
the radio that tell the time. In this way, our daily life can be said to be lived with
sound. When listening to sounds, our ability to consciously select and listen to
sounds is known as active auditory attention or the cocktail party effect.

On the other hand, there are sounds that we can recognize even if we are uncon-
scious of their existence. The degree of conspicuousness of these sounds that can
be recognized unconsciously is called auditory saliency, and it has been studied as
an aspect of passive auditory attention by focusing on various acoustic features.
Auditory saliency The first model of auditory saliency was developed by focusing
on Intensity, Temporal contrast, and Spectro contrast in the sound spectrogram.
They reported that the model was able to explain the results of listening exper-
iments, indicating that acoustic features related to intensity, temporal contrast,
and frequency contrast were related to saliency. Subsequent studies of the model
extended the first model to include Temporal Modulation (TM), which is a spec-
trum that varies along the time axis in the spectrogram, Spectro Modulation
(SM), which is a spectrum that changes in the direction of the frequency axis, and
Spectro-Temporal Modulation (STM), which is a spectrum in which both of them
exist and change simultaneously. The results of the listening experiments showed
that there was a significant correlation between the stimuli judged to be salient
by the listeners and those judged to be salient by the model. This indicates that
the acoustic features related to SM, TM, and some parts of STM are related to
saliency. On the other hand, while investigating the relationship between auditory
saliency and pupil diameter response, some studies have focused on the relation-
ship between psychological quantity of sound and saliency, and investigated the
relationship between loudness and saliency. The results showed that loudness and
saliency are correlated, and it is thought that acoustic features related to loudness
are also related to saliency. Following this study, other studies have focused on the
relationship between acoustic features and saliency and investigated the relation-
ship between loudness, duration of acoustic features, and spectral structure and
salient stimuli in environmental sounds. They suggested that spectral structure
and duration of acoustic features also contribute to saliency. They also suggested
that a single acoustic feature alone cannot account for saliency. However, even in
the various studies presented so far, no consistently explanatory acoustic feature



for auditory saliency has been identified.

The purpose of this study was to investigate what acoustic features appear in
STM that can be observed, including the interaction between SM and TM, and to
clarify how these features are related to auditory saliency. In this study, we exam-
ined the acoustic features that appear in STM including SM and TM. Therefore,
this study focuses on STM analysis, which integrates SM and TM, and investigates
the relationship between auditory saliency and acoustic features obtained from the
results of STM analysis. In this study, the following steps are taken for this pur-
pose: 1. prepare stimuli whose saliency is already known from previous studies.
2. perform STM analysis on the prepared stimuli to obtain STM. 3. analyze the
acoustic features that are considered to be related to saliency based on the results
of STM analysis and the findings of previous studies, such as average power, fre-
quency spectrum spread, harmonicity, and temporal modulation. 4. Analyze to
what extent the features obtained in 3 contribute to the saliency. 5. consider the
contribution of the acoustic features obtained from the STM to the saliency based
on the analysis results obtained in step 4.

The STM analysis used in this study is based on a method used in speech
recognition and described in other review papers. The method is based on a two-
dimensional Fourier transform of the spectrogram obtained from the filter bank.
The advantage of this method is that it is easy to quantitatively measure the
acoustic features from the final STM, and it is also possible to create quantita-
tively controlled stimuli by performing 2-D filtering and inverse transformation on
the STM obtained by this method. The filter bank used for the STM analysis in
this study is a constant-band gammatone filter bank, and adjacent filters intersect
at a point of —3 dB. In this STM analysis, the filter bank and the frequency
bandwidth per channel are related to the resolution of the SM. The narrower the
filter, the higher the resolution of the SM, but the lower the resolution of the TM
due to the effect on the amplitude envelope in the low frequency range. Based on
the trade-off between these two factors and the characteristics of the stimuli used
in this study, the frequency bandwidth of the filter per channel was set to 80 Hz.
For the above reasons, the range of analysis was —40 Hz to 440 Hz on the TM
axis and0 cyc/kHzto 6.5 cyc/kHz on the SM axis.

In this study, the research strategy was to conduct STM analysis on the stimuli
whose saliency was already known, and to further analyze the acoustic features that
were thought to contribute to the saliency from the obtained STM. In this research,
we need to understand the acoustic features that contribute to the STM. For this
purpose, we created amplitude-modulated signals, harmonic complex tones, spec-
tral structures, and frequency-modulated signals, and analyzed their STM. As
a result, the information that appears in the STM analysis when the amplitude



modulation signal, harmonic complex, spectral structure, and frequency modu-
lation signal are input was found. Next, to investigate the relationship between
auditory saliency and STM, 10 stimuli with known saliency at the Thurston scale
were subjected to STM analysis. After that, we analyzed the results of the STM
analysis and the findings of previous studies for mean power, frequency spec-
tral spread, harmonicity, and temporal modulation, which were considered to be
related to saliency. Correlation coefficients were calculated between the results
obtained from the analysis and the prominence at the Thurston scale. As a result,
the acoustic features obtained only from the SMTM did not have a significant
correlation with the saliency. In order to investigate the correlation coefficient
between the acoustic features on the STM plane and the saliency, we integrated
the features from only SM and TM and calculated the correlation coefficient with
the saliency scale. As a result, a weak correlation trend was observed. However,
there were no acoustic features that were completely uncorrelated. These results
indicate that the acoustic features related to SM and TM on the STM plane are
related to auditory saliency. These results suggest that it is possible to examine
auditory saliency using the STM analysis used in this study.
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T, WHERL UTIXIRO—FTHY, b MNIZTOWZHEEH/ED —-DOTHD
HEAPoZUED, mEMICIERMRER K CTRKOBEREE I\ -5, HERT
HHLTWD (1], BbIZZOR#EH @7, BrenfEleH40EFTHWT
W5, ZOEREVIDIE, EOABPSEDOHMEL VoM EST, &
WZEENDRE PR, FIHOMME, AraldEme L TEZ TV ZODOMBE
BEREE PO/ TWS. Hle LTiE, FEOBK, KRTz2HMoEsa30a—
R—D Y] LWVWHER, AI32a=7r—2arDoDAcDFE LA, BEDPE
LAEHMSELZYALUE, BLH2HMOEE SV ADEREEDRHL. ZDXSIT,
=B, HADEFZFZLHIZEETVWEEESTHERW. FLT, ZIhoDF
ZHEWH DI, BigEPMERL Y ORIRLEREZ ROV TIXHEMTHFET S Z
iEH 2T, WK OELEDFMHERICHEAET IRV E-72E (BREE) THA.
BRUNOBR7ZHER RIE, ZORAEE 2O CIEMIZON L, BERERZ MBS
%, —FHODWBEEAZILHTEL. L, LRI OHERE WS EN
ez B LRy, FREATRIETAEL TWEGE, b0 H % DEEIX
RKWIZAMEZBES Z 212720, SHOENRERIIEK L2 >T-THSS.

ZDENT- DB ED LS ITREE N Sl 2 DEREZETHNDEDHE WD 3
2 LT, ZLOMENZINTK., TodhTe M, BEETHTOTRTOH
B L TWSDTIERL, —HOFIZOA, HRMIZEEH U CHEELL, JEL
TWAIZERHSPIZR>TE., ZO LS REEEROME I, BEORESEKE
B, W70V A=T 0 —=%R 2, 3], RSN TWS.

— /T, THOVSLREEDOHIZENT, (BRI, BEEOT 1L 5P H
DI avikhy) BbTEZ3EMITOND LI REDOHFHEEZRE LS Z
ENHBH. ZDOLEIREX, HODEETE-THIS LTI AFLITRALD,
HEBCTHoTHZTDFEEZRB T NTEE. Zhs, EEHICSIESHD
SNBHFRIMOFIZHLUTHYDH L, AN TESE. 20, HILDHD
HHX T XDEE W2 EFANBEEM & WOWEEE OZEREEOMIE & U TR~
REERHICER LIRS T W5 [4].



1.2 FEEMFEEMN

A CIFEERANBEEMEICET 2R E2 BT WL, BN EOBEEMICERL
72, BEEERNERZEMEE TV &2 /B LU 72 D1 Kayser[5] 5 Tdh 5. Kayser & 1 Itti[6] &
DARENBEZENEE TV 2 BICHER AT A~NRH U 72, Kayser DETIVEY TV R A
R AT I L% —BWOBEBRERIART va s T L EOMEE (Intensity), FRFH
3Y b A b (Temporal contrast), J&EE 3T > F 7 A b (Spectro contrast) %
e UCHERMEEENET VEMELZ., HoDmGIZLb L, T IVHANEAEE
BROFEREZFATE I 2o, ML, KEaY 2N, AKX T
2D B BEREDBHENEIZERT 5 Z £ 2R U7z, Kalinli & Narayanan|7] (&
Kayser 5DETIVEIEE UK > NI A N, AT > T A b OWjEBFAE
T35, AR b a T I L EOROARDEST LY FE2EDT-. DR, Kayser
SOETNEDE /A ABRETHUTEIOENAMEDEWET VKo7 L
o, KEaYy b I AL, EEEa Y T A NOWEPFELET BRI FH DT
B B BRI BHEMEICBIfR T S Z £ 2R L7z, Duangudom & Anderson|S]
D%E 7 )V Kalinli & Narayanan & DE 7V CRIH U 72 FEHRHE %2 £ O SIRTIZHR
B 2FE2 GO TOHREZT 72, WOPFALZREIEARS v s 5
I LRGN 2B LS B AT ML TH B IERIATIER (TMIHHR) & AR
A FANIZ 2 LT B ARY ML TH B AR MVAFTER (SMIEHR), Z OfjH»
FIRHZAFAE LEALT 2 AT bV TH S AR ML - RFZFHEH (STM & #H)
THho7z. Z®, Duangudom & Anderson ®E T IV TH W7z STM [E#iLE TM
TWEICEH L TWe, BEIGEBRTORRY» o, WA PEEEOH 2 & Hlr L
7RI & B TIVIZ & o THHEMED B 2 ¥l X Nz fil & ORICARZMHER S 5
Ze%amUL. ZDZehrs SMIEHR, TMIEHR, STMIERDO—EE, 2B 5 &
BB LS LR T EZSNS. —FT, Liao 5 [9] IZHERR
BHEME & BALRRRICDORBRZ TSP T, FOLME CHEROBFBRIZERL Z
U R A ACBHEWDOBEBREZME L. TOME, 77 PR LEHEEEICHBEYH
5ZLERUIEZZIENS, 7 RXRICED 2 HEREE HEEICEART S H
Z 601 %. Huang & Elhilali[10] 5 b B8R & BEEOBRIZERL, 77 F X%
A, BEREORRE, AR MUVREE & BREE T OBHE LRI L DR %
BHUZ. HODOHENS IS ARY UGS, FERHEO RGNS BEE M
HHETHI LR RE UK. £/, Tordini 6 [11, 12] IZLEEIZEHULEZET V2
ER L, ZOHTEHLI TR, TVUR, 754 PRAIZEHUTETVEMERL
7. ZTORER, 2o 0MEDOEHIZED % temporal centroid, spectro centroid,
harmonicity 5 &HOTT Y KX A, TViK, 774 b3 AIEEEAEEEE M & HBE D
b5 eERU. HIZ Kaya & Elhilali[13, 14] I3BEEMEE TV &2 EK T 2124
720 BERHORHNZD GO THEE L OBFRIZEE L. ZOETILV TR
Shamma 5 [15] D& N DEERIR 2 ZRTICRHT 2 FEEHRAL, RaZlc 22
b2 7 7 F2xR, gt vwozbBELZREE UTERALZ. ZoWEo®mE



W& BE, BEIEROERNS T T RIART T4 AR Vo DR IZE D
2B & BV IC B D B BRI IR D B B DV — D F BRI D A TR
AT ERWIZ 2R L7, Wang & [16] DE TV Id Kaya & Elhilali 5 Of&HE
EMFBEOME L7572, Wang 61k (1) R IVEEET 7 AN T LMD S
KO TZIFEIRNIZZA LS 2 E 8, (2) NT—AXRT MVEE, (3) Kayser 5D
EF), IS 3OPASULL TWBETVEER L. ZOFEE, Kayser 5D
ETINE A XL/ U TEH VI ANZ MEZRLU 7.

IS DR (9, 11, 12, 13, 14, 16] D12 & 0 BETE B ME O A E R 33—
DHEBREHOAIL > TEEDED TR, EROGERMOMEIZ/ERALE
DL TRIBDEDTHDILEZONS., 7z, TIZEFTITHRRTEZW5EILWV
TNE B G 02k, REREEL G R O 24 E B U BRI T W
5Zen6, SMIEHR, TMIEHR, STM E#RICE D 2 FEREAHEMEIZKE L
FHILHZEEZONS., UL, TZTETHMN U ZFEICEWTHEE
HIBHE NI 2 — B U CHH AR S B R EULIH S 2T o TWR W,

1.3 B®W

BT B W CHER B E M ICBET 22BN LT E 2. TNE TOWSETHE
HIBHEVE I I TEE O S ERBOMBEERANE G T3 Z e WRINT WS, iz,
SM &R, TM [HHIZEE D 5 FEREA IR NIEZE I K E K FS T HRES R
BINTWAS., ZOSMIERE TMIEROMHAE/ERE B TE 5 STM IHWROHH
H5. STMIEHRATZH WS Z & CHEMNIEFEDO S 2 58N EEZH S 2
TEL3¢Ez2O6N5. AHEOHMIZSMERE TM EHROMEMEH S & O THE
RWTEL STMERANTED L S REERHEPBHN L D HET U, Bz 58K
NED XD ICHERIBHEMEICBERT E2NPHONIITEI L THS.

1.4 AFRDEBR

MDEFFZIZBENTEH STM IHHRZ FAWT W2, SMIHHR & TM 1 % #5112 5%
HUMAET S, STMIEHRO —HOAZFHT S Q] ICBE> T2, SMIERE
TM E#RZHEEG L THN L, STMEREED? S DR o N7z HEHEOBIR D 5
FE ORBRBLMETTAHBEND S.

FATHIZED R Tl SM &R, TM EHIZE D 3 SR EABEEICHF ST 5
Y, BEEABEEN T D DG B MODATIIEESRVWILEREBINT VWS,
ZD2 756 SM B E TM &% — R b U7z STM 1EH 2 (2B 2 & BREEAY
BEEMICERT A EZOND. AL TIESMIERE TM E#REZ/KS L 72 STM
EHRIZEH U, STM IS8R OFEE? 5155 0 5 FER M E THH 0 ICHEE A
e DR ERETT 5.



1.5 AXIFFTD AL

AEITIXRTEI DO B %2 #E KT 5 72 O BARKIN e ii5e G %2 5iHS 5. Kif%E T
\& Elliott & Theunissen[17] IZTHHI N EID L ¥ 2 —Fw3C [18] IZTH T I N T
W3 STMEHAOH 2 WS, 20O STMIEHRIHIZ DWW T DM ARSI E & O
BIIREIZTIT S, AFETEM LI DL S RENTHERZED S, Ehb
1. TS CHEEMORBIZHBI L WA Rl 2 HET 5.

2. HE LU 2RI U T STM S8 217\, STMIE#HRZ KD 5.

3. 2 TRD7z STM IEWHA M DGR & eATHFE DR A S BHE M IZBIRT 2 2 HF X
ONEHFERHTH B NT —, FEBAXT NIVOIRNY, FERME, REZE
FER, TRL, DFETS.

4. 3TROIZFEMN EDRRE, BHEWICHFGT200MT 5.

5. 4 £ TITRD =GRS 5 STM D 513 6 N7z B OBHEEADF G
EHET D,

D155 FTOFEEZEBRIZIT > TWEDDRARMUIIBITS4ETHY, 3.2
D STM [ER AT OMEIX 4 FD STM IFH AT DGR & FERH L DR Z T
RS 57-DDHiTH 5.
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1.6  AHXDIEK

Bl £ CICASEON S, HNZ2 RN, KETIRE RO Z X 1.2 125%
T, 1 BEIFmAkOER, HRTHY, KFKEDOT—~Th HHRIIEEMICEE T

HMEOBIEIZED FTOHRZRT. TDH, KFEDOER N2 R RXARHED
HiZ R R 3,

2 TEIIARMFRD HMEIZDOWTHRRS, FiEF TOER, HETRRZETHIED
MR E, HE» SRR TOHikinzidR 5.
3ETIIAMETHN DN TETH S STMIERDHTIZOWTIHRRS, FDIR
IZ STM B DOME % FiHT 5.

4FETIEIETHS N STM BRI DOME & BATHEOHE D 5 STM 1HH
DI OFER L 0 1E SN D 5 B & BB 0BG E DT 5.
S5ETIXAZTORMFERIIN U CORIKRNRERE RS,

6 LM L UAIZRIZBWTH S T TE S, BI ez onwTik
R5,
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F28 STMIEHROH

AETIIHEE TIZBWTE L L7 STM [EHRP L AL AW STM [EiH
SR DOWTEHAT %

2.1 STMIBEHROFTDKRO A

AFEIZH N STM RO 70y 2 X4 775 52X 2.11ZRT. KFD
YU RARZ I LIZEROND L5, —RNLREDART v O T T L
VRRER A D2, A G D2 Ab, X S R - RERT o G k)
ULTZETBARY ML EBETE L. YUY FARY bar T L Lok
MDOZEA TM EH]RTH 0, JEPBE G T DA SM fE#k, £ U THRfHdh &
JAIREER O D EALA STM IEHR TH 5. AWFZRIZH Wz STM HEHROF
%1% Elliott & Theunissen[17, 19] 5O FEESEIZ L. £F, FEEEZ 71V
RNV ZIZ AT UERSNTH 1006 21, 33] #2F 2L ~Ob MEWAFIHL T
JAEGEIS Z & DIRIBEEIRE KD B, RO -IREEIEREDR S AT ba s T L
EUERR U7z, fERR L2 ARZ ha 2T MR LT 2 ROGHER 7 — ) T2 8% 17\,
KD 2IRTCD ART ML STMIEHR L 72 5. RFIEDOH fUIBAINZ KD 51
% STM [H#H & HFERH 2 TEMIZFT DX TWI L TH D, FLAFRITTKRD
72 STMAEERIZKT U T 2RIT 7 4 W XL Z T WA %2 175 Z & TN HIH
SNRREERT A HARETH S, AWHED STM IHERIT THWZ 7 1)L
RNV [30] BB UZEHRBA Y =T 1 VAN I THOIHEDES
T4 NVRIFE-3dBDFRTRELTWS. KFETO STMEHRIHENT, 74
WENY 7, 1F ¥ 2720 OREEBISIEIZA R D S IVEFIFEHRO 73 ff6E &
BR L TWA. i 7 1 V&2 2 HWZIE S D EDREED SM Bz 5515
D, ARFE R IRIZ B W URIE SRR E 2 5. 2 TM IHHRO D RENME T 5.
ZDMWED N — R4 7 DR EAFETHNZRBORMERS, 1F v 32 dH
720 DT 4 )V RZDFREGEISIEIX 80 Hz & U7, F£7z, M U /=&iF I Ed o
H2 S TME#H T —40 Hz +40 Hz, SM & T 0 cyc/kHz 6.5 cyc/kHz & U7z,



K — ¥ L OWEHER INLS ‘1T |4

weigonadg
| = || | (D)20q1H |gm— punog [ewmsIO
rads E = (1)%x
m =] WIOTSURIT JOLINO,| | o zl - = (.)749G] 1] | umm— (1)s
[euosmow-ony | 22ds (1)2x | AUEQINLT | |
3 _ e o e (Dgaeqpy [e——
oo WAL GRS Trads ) A ) VHR.




2.2 FEREICHT 5 STMIFRSTOME

AFZETIE, T TIZBEZEMEANHIAI L TV ARSI U T STM &8RO HT 217\,
Bonz STMIER» STHEMICFSE L TWA EEX S ERNMEEIIONT 5 L
WO TOWET Ta—F 217> TW5. TD-ORIEZE 5 L 7-BRD STM 1E#H
MEDE D BBFERHIZ L > THEARINE N ZLRETILELDSH. KHEiIZA
THNZ BB E R -7 ek, SEREZZ I E TN I & TSTM IF
e FERBOBMREEEL TV L.

2.2.1 STMIE#HR & IRIBERES

IRIEDZLIZHE S STM IHHRDEAL %2 BT 5 - DIZREEHES (AM E5)
B U Uz, fER L7 AMESIZ [30) 22F 1221 2R L. Abo
WL R £ 1% 5 kHz DIEFGH & U, HRIEZ T f, DA% 0 Hz, 15 Hz,
30 Hz i2 2L X BHRIEDZ L & STM OBERZBIZ U7z, SIREAFHE R Z LD
SNAERZX 2.2, X2.3, K24127R9, FEHRK D RIEZHFEEREDZENT S L
TM EHAS STM IEHRDMEST D AR L& ULTEALL, RIEZEF & TMIEHRD
SRR D b - 7.

AM signal = (1 + sin(27 f,t) * sin(27 f.t)). (2.1)

10



Spectral Modulation (cycl/kHz)
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2.2: RMEZEF A B (0 Hz) TD STM fE#k
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Spectral Modulation (cycl/kHz)
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2.3: HRBEZZ AP (15 Hz) TO STM & ¥
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Spectral Modulation (cycl/kHz)

-40

fa = 30 [Hz]

Spectrum Temporal Modulation

-20 0 20 40
Temporal Modulation (Hz)

2.4: HRBEZ A B (30 Hz) TO STM & ¥
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2.2.2 STMIg#HEFEEES

AT PVHEEDZEAIZAED STMEHROZEAL 2 BIER T 272D I EiE 2 KD
HEEEE (HCT) 20Uk, #lkEEE (HCT) 13(23,29] 221222 &
0, BRI fo L ZOEEFITHZ5, FBEKf ... fi DERBEORLEDLE L
U, BEARBEWE f, % 200 Hz, 300 Hz, 600 Hz {2/ HARY MVIEE L STM
BIROBBREZBISE L. AP i ITHEEEEORBTH L. SEREPEHDO T
E OFIRAEEZT DO ONEEREX 2.5, 2.6, M2.712mRT, FHIREE T OILAKRFIK
BEZAIES L STMIEHRD SMIEHA RV & LT SM B iz HnZ L
2. F77, FOE UTHE N SMIBEROMEIZFARAEE S OHEARTH PO T E &
—E9 5. MRLVEEHEEEZ R OFEEEE (HCT) & STM EIROXSEEFHRD
HhoTz.

HCT = i sin(27 fit). (2.2)
=0
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Spectral Modulation (cycl/kHz)

-40

f, = 200 [Hz]

Spectrum Temporal Modulation

-20 0 20
Temporal Modulation (Hz)

40

100000

93260.335
86974.9

81113.083
75646.333
70548.023
65793.322
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57223.677

2.5: FEARRE IR (200 Hz) OFHREESZ TD STM E#H
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Spectral Modulation (cycl/kHz)

-40

f, = 300 [Hz]

Spectrum Temporal Modulation

-20 0 20
Temporal Modulation (Hz)

40

100000

93260.335
86974.9

81113.083
75646.333
70548.023
65793.322

61359.073
57223.677

2.6: FEAFEIRE (300 Hz) OFHREEE TD STM E#H
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Spectral Modulation (cycl/kHz)

-40

f, = 600 [Hz]

Spectrum Temporal Modulation

-20 0 20
Temporal Modulation (Hz)

40

100000

93260.335
86974.9

81113.083
75646.333
70548.023
65793.322

61359.073
57223.677

2.7 FEARREIE (600 Hz) OFWEEEZ TD STM E#H
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2.2.3 STMIE#HkE AR MILIEE

AR PIVKEEDZALIZAEDS STM MO ZLZ2BEE T 2 72DIZHKT A b/ A
ADARY MVIEE% 2FBIZZLI BT STM BRI LZ. AT R4 XD
ARY MVREE R ZL I FTEEK 28 X290 Ty 7 XA T 7T MMITHR
T, K28 1FARY MHERIOBD B /) 1 ADIERTFIETH b [24, 25, 26, 27, 28] %
SHEIZ, FTA N AKX +3 dB/oct TEALTHE Y27 )4 X —3 db/oct
TEAT 2 TN — ) A XL STMIE®RAN U7z, K2.91EFK 71~/ 14 XD
AR b VEE & ERRE TR S E S DIERTFIETH L. BARIIZIE AT A
A X BT — ) AL, BEBICE SN EEHART VIR U TIE
B ERET S, TO%K, M7 ) THEHEITS ZE TARY MUEEEE
fEXBEF2ER LUz, HHLEZRTA N A XEHTTAnHE2RTHETA B
JAX%ERMAL, BEAXZIEZTANVZMEINEEZTA B ) A XTRTELUAY
A M) AXTHD. H29HD f, 1Z SMIFHROLFABELTH D, 0Hz, 1 Hz,
3 Hz, 6 Hz CIER L7z, &A~27 FMIUVER T ook 2K 2.10, X2.11, X
2121TRF. AR MG Z L DMk R %X 2.13, K214, K 2.15, ¥2.16
RY. X210, K211, K212 &0 AT A b A XTI TMEHR 0 Hz, SM1E
0 cyc/kHz DA RMARTZ MVBBN, TV—/ A4 X, ¥V o) A4 XTIETM
58 0 Hz, SMIEH 0 cyc/kHz 55D ARZ MIVDIER Y HBEL L7, X213,
X 2.14, X215, ®216&YD f,=02F0, FTA F/ A XTIEH2.11 & FE
DIER LI 57z, ERFICTARY MUEEEZZ(LE T f, = 1 TIE SM 15#
1 cyc/kHz (25 ARZ MDEINTZ, ZDBEDMEIZENTS f, & HABNSHEH
—HU7z. MERIDART PIVIEE L STM OISR D5 72,
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White Noise

A 4

Color Filter

v
Colored Noise

2.8: AT NVERID B 2155 DIESRTIE
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White Noise

FFT

Spectrum « sin(2m £, t)

v

Spectro Modulated signal

2.9: AT MVIEE & BRI TR S B 2E 5 DIERTIE
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Spectral Modulation (cycl/kHz)

> 2 /A4 X (-3dB/oct)

Spectrum Temporal Modulation x10°

9]

ESN

w

N

=

-40 -20 0 20 40
Temporal Modulation (Hz)

2.10: A7 MUERL (-3 dB/oct) DB {55 TD STM 1E#H
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FTA N/ AR (T MBS L)

Spectrum Temporal Modulation x10°

wu

BN

w

Spectral Modulation (cycl/kHz)
N

=

-40 -20 0 20 40
Temporal Modulation (Hz)

2.11: ARZ MVERIDWNMES (R4 b A4 X) TOSTM E#H
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Spectral Modulation (cycl/kHz)

7I)—/ 14X (+3dB/oct)

Spectrum Temporal Modulation x10°

o 1.8
1.6
5
¥ 1.4
4 11.2
11
3
10.8
2 10.6
0.4
1
0.2
0 0

-40 -20 0 20 40
Temporal Modulation (Hz)

2.12: A7 MUERL (+3 dB/oct) D 255 TD STM 1H#H
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Spectral Modulation (cycl/kHz)

-40

fm = 0 [Hz]

Spectrum Temporal Modulation

-20 0 20 40
Temporal Modulation (Hz)

2.13: SM &R DA E AL (0 Hz) TO STM 16 ¥
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x10°



Spectral Modulation (cycl/kHz)

-40

fm =1 [Hz]

Spectrum Temporal Modulation

-20 0 20 40
Temporal Modulation (Hz)

2.14: SM &R DA E AL (1 Hz) TO STM & ¥
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x10°



Spectral Modulation (cycl/kHz)

-40

fm = 3 [Hz]

Spectrum Temporal Modulation

-20 0 20 40
Temporal Modulation (Hz)

2.15: SM &R DA E AL (3 Hz) TD STM & ¥
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Spectral Modulation (cycl/kHz)

-40

fm = 6 [Hz]

Spectrum Temporal Modulation

-20 0 20 40
Temporal Modulation (Hz)

2.16: SM [HERD I (6 Hz) TD STM &
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x10°



2.2.4 STMIEHR & IRIBLRFEESS

AR MVIEEDEAE TS 2 RE CIRIEZFE B D ZALIT,E S STM D21t
BEIERT D701, EEHEEDARY MIVEZ B OTRBEEE T 2 IRELFASI 72
RIEZFFRNE S S (AMFRESS (AM HCT)) %2 STMIE®RoM U7z, ok
WL BEEEEIEN23 &0, EREEE fh L ZOEEORBEESf ... f,D
EREDRLEDEE U, FEAREEEZ 300 Hz & U7z, XD n iXiFREE S D
R TH 5. IRFEHEIEX2.3 K0, HRIEZEFEEEL f, %2 0 Hz, 15 Hz, 30 Hz
DIEER & UERR, 7781 U7z, SIRIEZFHERE T & OFEEAE S Ot R%
X 2.17, K218, K2.19ZRT, SkEREZBIET 5L SMBFHRD AT L&
TMIEHD A7 NILDARZ D B PEEIZ AT NVABEN., 20O AT ML SM
PRI U TIEFR O AR B OWE & s L TE D, TM EHRIZH U TIRIE
BHREBEBAHIG LTV, Ko T, BIRINZART MLV SME#HRE TM 1E
WOMHEAEHIZ X D BN STMIFHRDEILTHE LFZoND. FERED STM
TER & AM FHRAE S S OXIGERD DD - 72,

AMHCT = i(l +sin(27 f,t) * sin(27 fit)) (2.3)
i=0
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Spectral Modulation (cycl/kHz)

-40

fa = 0 [Hz]
fo = 300 [Hz]

Spectrum Temporal Modulation

-20 0 20
Temporal Modulation (Hz)

40

100000

93260.335
86974.9

81113.083
75646.333

70548.023

65793.322
61359.073
57223.677

2.17: PRIEZSFHEREL (0 Hz) DFHBAESE D STM
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Spectral Modulation (cycl/kHz)

fa = 15 [Hz]
fo = 300 [Hz]

Spectrum Temporal Modulation

-40 -20 0 20
Temporal Modulation (Hz)

40

100000

93260.335
86974.9

81113.083
75646.333

70548.023

65793.322
61359.073
57223.677

2.18: HRUEZSGHE A (15 Hz) DRBEE G D STM 1F#)
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Spectral Modulation (cycl/kHz)

fa = 30 [Hz]
fo = 300 [Hz]

Spectrum Temporal Modulation

-40 -20 0 20
Temporal Modulation (Hz)

40

100000

93260.335
86974.9

81113.083
75646.333

70548.023

65793.322
61359.073
57223.677

2.19: HRUEZSERE A (30 Hz) DRBEHE G & D STM 1E#)
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2.2.5 STMIE#Hh e FRHMERES

JAEDEAE S STMER OEAL 2 BIST 5 - DI FINBETIES (FM {3
5) oW U, FMESI[34] 288 1cR24 K0 EH U7z, Rdho TIZEHHE
BThbv, N25ZHWTIER U, WA f, 135 kHz DIEZFEE L, F&
BB faeo 12 kHz & U7z, ZOERMTIZEWTREEBEF R L £, DA%
1 Hz, 3Hz, 6 Hz DIEKIFTLETHIE STM IHHMEZ B U7z, &R TR K
T DoEERZX2.20, 2.21, 2.2212R"9, STMEHRA V ZRIZ H TR
AR MVHBENTZ. 20, FMESOEBEBEREREEZZ/{IE5 L, STM
IHIWRD VFEIDARY MVDME L JSOIED D AR T B8R LD, STM EH
& FM G5 ORISR B b1 - 72,

FM signals = sin(27 f.t + Isin(27 f,,.t)), (2.4)
fdev
I= . 2.5
i (2.5)
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Spectral Modulation (cycl/kHz)

fm = 1[HZ]
faev = 2000 [Hz]

Spectrum Temporal Modulation

-20 0 20 40
Temporal Modulation (Hz)

2.20: FEVEBAFEIEE (1 Hz) TO STM 1HHHR
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Spectral Modulation (cycl/kHz)

fm = 3 [HZ]
faev = 2000 [Hz]

Spectrum Temporal Modulation

-20 0 20 40
Temporal Modulation (Hz)

2.21: FEEBAFEEE (3 Hz) TD STM 1HH#HR
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Spectral Modulation (cycl/kHz)

fm = 6 [HZ]
faev = 2000 [Hz]

Spectrum Temporal Modulation

-20 0 20 40
Temporal Modulation (Hz)

2.22: FEEBAFEIEE (6 Hz) TD STM HH#HR
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2.3 STMIBEHROWDHEEDX &

AEIZBWT, 22 FTHOWLTERZ STMIHERIT & A4 2R e OBRE
L5,
[, IRIEZHEIED 2T 5L STM [EH DM B\ TR G a0 24k % R
3, TMEHRNPZIT 5.
I, FAREEETOREARE B (AT MVEE) 2243852 STMIEHRS I
BWTARY MU A DOZL%E KT, SMIEHRIAET 5.
M, Z74 KA XDARY MUIEEZZLEE S & STM IEHRIHTIZHENT AR
7 MVEH AR OZELE RS, SMEHRVELT 5.
IV, AM JHEEEE OIRIEZHE RS Z 2L X85 & STMIFHRAHTIZE NTAR
7 MOVl & R E G, MEAERIZ X 228 EKRT, STMIEBRNE(T 5.
V, FM 155 O JE BT e AT NV - REEFE SO IcB W T ARY
NVl T & R G T, MHEAERIIC K B2 L ERT, AR ML - KGRI FE
WIHEHRPZALT 5.
PAEDY STM B & X5 2R e DGR TH S, ZZEFTIZRDTE/ZSTM
AT OMEZ® L ITIRFEL D, EBICHERBEE M & STM &8RO BMR % MGt
LTwK.
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B3E MEAINRE LAREHERERN
BRE M DR DD

HIE £ TIZ STM O & R EEREOBREZ AT L 72, AEIZBWTIZER
IZ STM M2 5 KD 7= SM B & TM [EHRIZ B 4o 5 5 S & B E rY BE 2
DORREZRET S, Z DO 9] ITBWTH —A NV AT — )L TOWHE
PEAVEIH L T W5 10 FEEHO I Z Siraf g e Uz, K31 ICaMrRe U7zl
DEEFMBEENED Y — A MV A7 — )L (BEEMEA 7 —)V) 2RT.

BHRIMONEIFZEIITRT. HHMOEIIZE2T05sec THY, Yo7 VI
HeEIF 441 kHz TH 5.

3.2 (a) AWM UEEHEEOY 7Y RARY O F 5 LM% RS, Wl
(sec), MEHNZEIE (Hz) THB. ZOARZ b s 5 L%&2HIZH3.2 (b) D STM
EWEEE U7z, B TM B (Hz), % SMIEH (cyc/kHz) TH 5.
3.2 (c) X (b)) DSTMIHEHD LD TMIHHR 0 Hz TD SM EHRZH O L5 D
THY, ML SMIEHR (cyc/kHz), #thix N7 —%2/mR3. K32 (d) & (b) @
STMEHD & » SMAEH 0 cyc/kHz TO TMIEHEZI O H L DTH D, il
X TM B (Hz), #MEfI ST —Z2R3. o DR L BITHEIZE W TRE N
HIR LD TM E#HRZ VWL SMIERIZBWTEFEIC A1 5 & 2 5N 5
WX Ut z4r o 7=,
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2 3.1 AR TR BHEMED BT U T S RIEK

b et I DN
Beep FA WA 500 Hz DTS S
Noise R4 N4 X
Phone B DEEH
Scratch B z5l o EO B
Crying T EBLDONE A
Laughter FEEDE WA
Sweep | 200 Hz %5 8 kHz ¥ TR LR T2 F v — 725
Dog YN2LSES
Tone 1 kHz O
Bird BOIZTY
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3.1 EHNRT—DDH
3.1.1 &HHEH

Kayser & % i & ¢ 2B RMBHEZEEE TV 5, 7, 8] TIEFAXRTZ b u s I L LD
JRIE (intensity) ZREHEDO -2 UTHMHL TV, £/, Wang 56837 —2A
R NVEEZHOVWTETVEER LI 6T — L BHEMEDORIZEFREL
HdLEZ, AR, STMHHRANTIZ B W TIEFREITEIINT — 25T 5720
SEIGNT —DRE I LBHEMEOMHBE &2 7.

3.1.2 BHAZE

STM B HTIZHENTIE TMEH 0 Hz, SMEH 0 cyc/kHz (2387 =B 5
ZeMns, 3.2 (¢) iR UZ TMIEHRO0 Hz TO SMIE#HR L D, SMIEH O cyc/kHz
TDARY MVDONT —% KD, [31] #2FIBHEN & OMBIGREZHREL 7-.

3.1.3 oOWER

B 3.3 12 & RIFRD YT — L BHE M A r — ) EOfEIZ DWW T &R Z 7 a v b
U= % m s, BEliSEEEVE A r — )b, Mei3SEm Ny —CTh 5. Xk
Dr, plk, BEWEEHFHELZRHE OMBERKE pEThs. £70Y METOD
RIS D THE 3.1 TRULBEEEA r — iz WT A F AMORE AR L TV
%. 3.3 &0 EEEMDE W Noise & Beep 1357 —H K& o7z, WIZBEEMD
&\ Bird & Dog 1387 —H /NS Do 7z, 23S A O FIE DG B T 1% Laughter,
Phone, Scratch 23— iZEE F A HADFE & 7=, SEH T — & BEEVE O FHEI R
Blxr =039, p=0.19 D FGVMHEI R Sz,

3.1.4 ER

31HIDFI T — 2R B HERICBWT, T — IR EEE N T
W[5, 8, 16] DEREZR\NLNT — AR MVEELIINT B &hs, SEHPNRT —
DREVEBHENNE W EEZ 2. R, FHT7 —DKE W Noise, Beep, F
Y87 —D/NE W Bird, Dog I3BEENE & OBIEA R S, FWHBEIRAS Nz, Z
E, N —TIRBEEEITARNTZHMATES I 2 IETERVnb DD, Kayser 5
DPREOD—D & ULTEI &5, WRNEEEZMERT 28O —D2ThdZ
ERWDTREBLTWNWS.
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16,710" Noise ~@
w6t I = 0.39 Phone

.« p=0.26 Scratch Beep
121 Crymg

Tone —@

Bird Laughter

Saliency

3.3: BRI DI T —
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3.2 RRBARY MIVDOLELY DS

3.2.1 &EHEH

Huang & Elhilali[10] (&R D JEBIA <7 bV ORGP BENEIZ 220 5
ZrERLTWS. F7z, Tordini[ll, 12] 5 5 APMAR Y MLOFEEICEH LT
ETNEBELTWDS, STMIEHRIT TIEAFIROESDHREEA RS ML H
JRAHE DB AL SM HH 0 cyc/kHz (28BN ART SIOLABLII, KD B EA ~
7 MVHEIR DA X SM AR 0 cyc/kHz IZ8VARZ ML 2BINE. ko T,
STM GO DARZ P VDI E &2 0 Hrd 5 T & TRIED JABPEA R 7 b VG
D—D L UTDRFEIMARY MVDIEHNR D LBEMEOBREZRF TE 5L E 2 7.

3.2.2 HHAE

AR AR =2 B 0 KD AR MIVDIED D 1 STM EHRAOF Iz WT A
R FMNVDOEFRIE LTHEND., R TI, FEBART MVOIEND 2F{R 5
72Dz, ARZMLOBIZEZARZ MLOEE L UTHZ, M3.2 (o) IZxRULE
TM 1E¥ 0 Hz TD SMIFHD 5 5 SM EHRD 2722 o TWARWER 53 D /)N [ T D
fHE Z2RD7-. HE%2RDB7-DD SM IGROMUNHFH TV > 7)) > TR E L
T A NENY T DIED S SMIEH 0 0.01 cye/kHz & U, ZOXREHNDRTES %
Kb, EHDOEHERMEE L Uz,

3.2.3 OWER

X 3.4 1Z3RD7-MHE L BHEFW OB 2 /R 9. BEHZBEEYE X T —)b, e i3
EOREIZRT., ROLMEE T TR TAHADME TH o 272D HEZ KD, K
ST UZ. MORGIEXN33 LFAKTHS. 3.4 DFRERK D BEELE
Noise, Beep I3HE H K E < (AT MUVRIAL), HIZBHEMEAEK L Sweep, Dog,
Tone, Bird IZMEEBNE o7z GRFHBDOART MV THo72). #EREARTIX
Noise, Beep DRI E AN WVEHFAITH 572, HEDOKE X LHHEE L D
FHBIRELClE r = 0.45, p=0.19 &2 D FHWHEAA A & N7z,

3.24 ER

3.2 fid SM IEHRIZ A § 5 MG R IZE W T, Huang & Elhilali[10] & IXHIE O
JABER AR D SOV ORISR & BEEVEIC Db 5 Z 8 2R U722 &, Tordini[ll, 12
5% Spectro centroid ZHHALZZ &h 6, AXRT MLVOREE L BHEVEIZEGRRH
5eHEXT. ZUT, AXRT PILVOWED—DTH 5 JHBEIA X MVDIRRY
2% H U7z, Huang & Elhilali[10] DRIR D & AR A R 27 VDD D DR &
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BHEWSEWEE X2, ERED, AT MVHIAW Noise, Beep, A% ML D
B Sweep, Tone IXBHENE & OBV R ONZ., BHEWA T — L OHEZ R 5
&, ARZ MVDIRIPY EFWMHBEBRAS Nz, ZDIZ &iE, ARTZ MVDED

D 1%, Huang & Elhilali 2R3 & 5 (CHERMBEENE 2 M 2RO —D>TH B Z
EWRIELT WS,
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|Gradient]|

19 210" Phone
o 1=045  Scratch

: p=0.19  Crying
ol Laughter
: Sweep
| /By Do
| Tone \

[e2]

-3 -2.5 - -0.5

Saliency

3.4: SM i NEE P T 3R b 7o BRI D &
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3.3 FEEMODH
3.3.1 ZEBIEH

Huang & Elhilali [10] 1&JEEEA RS MUVREEDSBEZVEIC 035 Z 2 2R LT
W5, STMIEHRAHT TIEAIRRBEERE R E OPFEMEDH 2 AR M IVHEE
ZHUTWEGE, SMIEHRIZEWTO0 cyc/kHz & Fi% D FEAREPEUZ Y 72 54612
2ODARYT MNVDE—=I7BENG. £>T, SMIERDARY MVDOY—2 %4
s 52 & TREIDFREBARY MVESED —D & LT O & B MO B
EREITCEL LB X,

3.3.2 BHAE

FlZR ATz & B D FIPROF MK, SMFEHRIZE T 0 cyc/kHz & F#EDEEA
BRI Y =B EHIZ2DODARZ LD —2 & LTHNS., £/, GIRETHT
BLHP DGE L SMIEHRT, ARZ LD — 27 DIEIEL 50, KROFE T
SMIEBRD AR MV DY =27 DIENILL 725, ZOZeh6K32 (¢) ITRL
7= TM &4 0 Hz TO SM &% F\WT, SMIEHT 0 cyc/kHz A EDfUIZB W T
V= DERELY—2DEE, EEHR. SMBHROE -2 %KD 572012 [22]
Z2Z 7 TM G 0 Hz TO SMIERIZAN U CIEF b - B M Z KRD 72, X
IZ Lag O A ECTHIMELA LD -2 DE I VEREEVWE— 27 2o —2o & L
U7z, £72, E—JDEIXC -7 DE XD DAETOIEE Uz, i
DY — 27 OREMEIXH CAEBE O EE L U7z,

3.3.3 WHER

X 3.5 (D SMAEHRD B A OKER B KO, SRIEOBME CEYaME) %8
DEFTRT, Hih Lag, MofiEE SHBEREEZRT. K3.61C SMIEROED
MBI L Dk — 7 DE S L BEEEOBAMARIZ /R, BIXBEZEER T —,
i —20EI2ET. M3.7I2¥— 2 DIF L BEFEEOBAR %2 7S, HifllieHE
FEVE AT —)b, HENZARZ FLOY— 2 DiEDORE X 2ET. M3.6 XX 3.7
DRFGIE, M33DRFGEREKETHS. £/ 3.5 &0 Tone lZ¥—27 2 HHET 5
ZENTERDSTZ-OEE0, B0 ER->TW5, M36DFERLD, RbHIEE
PEDYENON Beep 13— 27 £ 5 <, BFEMEDK W Tone, Dog ld¥—2 2B TE W
I =T MED o 72, FERSKRTIIEEE OB VHIED E — 27 DKW HIZE
FAHMHMP R ONZ. =20 L HEFMW L OMBRETIEr =041, p=10.24
RV FWHENR S Nz 3.7(d) OFER TIXBEEMD S\ Beep, Noise (&1
DINE Do 7z, FERBRTIXEBEZE O SKIZBEFRR < XS IV NZ. ¥—
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7 DIE & BEENE & OMHEARELTIE r = —0.13, p=0.71 L2 DT & A HMEEEA A
Ronghorz.

3.34 ER

3.3 fid SMABEHIZ K 2 MG RICE W T, Huang & Elhilali[10] 51X HERD
WA NRD MV OLEE G L BHEMWIC DS Z 8 %2 /R U722 &, Tordini[ll, 12]
5% Spectro centroid ZFHL 72 Z &h 6, ART MLVOREE & BEHEVEIZEGREH
5LEZ7. FULT, ARZ MVORGEED—DTdH 2 AR MV OF M
#HU7-. Huang & Elhilali[10] DRI & B A X7 MVREEEZGE L, #
WOWRBDE T NITBEEMERN S Ve B2 2, FRE Y, FAcH T 288 Tk
W% A LIRELD E D Beep & 8% © 7272\ Tone 1 XBEEE & OBIRL R S0
Tz, BHEVERA T — Ve OHBE%E RS &, FHRIEIZTOHEBEAD D, FHEOREIXIFE
A EHBEARR SN o7, TnoDZ &, FiEYEE, Huang & Elhilali
AWRT XD ICHERNBHEN 2R T 2RO —D2ThH L T LAVRBRLTWS., —
H, FROWRBUIBERMIEEEIIZFL AETFG LTV RVWEEZ NS,

47



0.9

0.8

0.7

0.6

0.5

0.4

03

0.2

0.1

0.9

0.8

0.7

0.6

05

0.4

03

0.2

0.1

09
0.8
07
06
0s
04
03
02 J
L \_ A 4 4
: bt e i, S—
20 40 60 80 100 120 140 20 40 60 80 100 120 140
N Beep
olse 1
09
08
07
1 06
05
04
03
02
01
20: 40 0 80 00 120 140 0 20 40 60 80 100 120 140
Scratch Ph
cratc 1 one
0.9 09
08 08
07 07
0.6 06
0.5 0.5
04 04
03 03
0.2 02
01 \/\/\.'h 0.1
0 20 40 60 80 100 120 140 0 20 40 60 80 100 120 140
Laughter Crying
1 1
0.9 09
08 08
07 07
0.6 06
05 05
0.4 04
03 03
02 02
0.1 01
0 20 40 60 8 100 120 140 0 20 40 60 80 100 120 140
Dog Sweep
1 1
0.9 0.9
08 08
07 07
06 0.6
05 05
0.4 0.4
03 03
0.2 0.2
0.1 0.1
0 20 40 00 120 140 0 20 40 60 80 100 120 140

Bird

48

Tone

3.5: SM fE#HR D H CAHHEE



: r= 041 Scratch Beep x
Lo p=0.24 Crying Noise
.?.3‘3 o7 Bird [ aughter Phone
ol Dog ~_Sweep

Qi Tbn;\\\\\\\:ﬁih

NS

Saliency

3.6: SMIEHRDOHCMHE & O RO LZRIFD Y — 7 D& &

49



Width(cyc/kHz)

Beep

i Laughter

st 1=0.13 S \.

' p=071 Noise

St | Crying Phone

K »
Swee Scratch &

05 Tone k

Saliency

3.7: SMIEHROHCHMHE X O kD7ZART b LD — 27 Dl



3.4 TMIBHRDOH

3.4.1 EHEH

Duangudom & Anderson (&€ T IWIZHEWT TM IR ZRHBO—2 L UTEHL
7z [8] . Tordini & ® IFfEIZEFHIZBE 4 5 KD — D Td % Temporal centroid % |
%bf%?»%%ﬁbﬁuLmyikA%meﬁ@@%ﬁ@ﬁﬁ%&Em®ﬁﬁ
PHIERHDOFERND IS, §RDOBHUDBPTWI & &R U7 [20]. STM
MERAN CTIRIREZFE m D TMIEHREROES 2o LcGE, TM E#RIZ
BWT0Hz LE5OEFPEENT YL 72 2D —fEHTIZART LD Y — 27 H8N
5. £oT, AHITIE TMIF#RS & OCHIFEH O TM EH ORI DWW T AR
I MIVDY =2 %0 e 52 L THENDEBRIZOWTHRGTE S F A k.

3.4.2 BHAE

HITRR7ZZE B0, O TM ERIZF TMBRDOART MLOY—2 2 UTH
nNa. 7z, TMIFHROMGRFIVZEWVES TIETMIFHRD AR MO —27 D
MEAEL 220, HWNMESTIETMIEHD ARYZ LDV — 27 DIENRIEL 725, Z
DI eroM3.2 (d) IZRLZ SMIERO0 cyc/kHz TDO TMIE#RE b, TM IH#H
TOHzU EDEIZBIFBAARZ MLOVY— 27 0L & X, B2#HR~Z. TM
WO — 2 %KD B 72012 [22] 2BH1Z SM FEH 0 cyc/kHz TO TM E#HIZH L
TEHbEN-BEMHEZ kD7, KD7-HHHEED 5 Lag 0 DAL TRAMELL LA
DE—I7DEIVHEREENVE—2%2 TMIBEBRD AT MLVOE =272 LTHHL
7-. ¥72, U—JDRIIE—27DE I DX DAETDIEE Uiz, SfFkDE—
7 DEAEIZE CHBEOEIEE L.

3.4.3 DWER

4 3.8 (2 & HFD TM 1H#h D H SHE DR S KO, SRR ORME (FafH) %
MEDERRTRT, HEE Lag, T H CMHBIREERT. X3.912HSHBE DK
REOKRD-E—IOEZ LHENOBMAK Z R, MllIY—A s A7 =)L T
DOEEEN:, Mt EH B TOY -7 0mI KT, X3.10 12— 27 OlF & Bi3
MEDBAM %27, BB 2 7 — L, fiiliy — 2 Do kEX2£T. M
3IOKUK3I0 DR AIZK33IDR ALK THSD. £72X 3.8 LD Beep, Sweep,
Tone TIE TMEHD AR MDY= BB SN D o772, EX0, B0 &
o TW5b., X3.9 &0 BEEMDE W Phone, Scratch Id¥—223E <. BEEMED
&\ Sweep, Tone TlX¥— 27 2MED -7z, 2AERDKER TlE Laughter 2356 & <,
Y'— 2 M T & 72255 72 Beep, Sweep, Tone % [R< & Crying Wb IR WAER &
ot ¥—2DEIN0IMUEDIINL—TL0.05 N FDOEX DI IL— 1245
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LA A SNz, ¥ =27 DmEE LHEMEOHBRE T r = -0.12, p=0.60 &
72 0 MBMER ANIZIER SN o7z, K310 DFER I D, BHEMEHO Y -2 %2KkD S
Z M T &R o7z Beep, Sweep, Tone ZFr< &, BHEMAE W Noise, Scratch,
Phone (¥ — 27 DIENA L, BHEMEDOMK W Dog DY —ZIEN/NI Ko7z, HOD
RKE I TIERBIEDKRKEZ W Noise MELDFIH & K& <HENTE D, R\ T Scratch,
Phone &t &, Laughter ARRIZE F 2 MHAVA LN, ¥ — 7 DIR L BHEM L D
BRI TIZr =038, p=0.28 &7 0, FWHEIR SN/,

3.4.4 ER

3.4 HiOFHD TMAEHRD DHTIZE VT, Asemi [20] 5 I HRIF A ORI 72 24k
DERAEERENZ 05 Z & &R U7z, F7z Tordini[l1, 12] 5 % Temporal
centroid ZETIVIZHIHL TWZ., ZOZ &6 TMIE#HRZAEL, TM [FHROMK
AR W BEEER BV F X 72, fERIE, TMIEREZ A UEGRMHOE W
Scratch, Phone [ZBEE M & OGO R 617z, MHEBEBREIZEWT TM o ¥ —
D, ¥—27OmI 3BHEE L WMEEEZIE, SO THWHEMEA T -
. ThoDZ ik, TMHEROARIZEEMBEHZEIZIZEALFSLTVLRD
LEZ6ND. UL, TMIERD D 5 HIFEIZ B W TIEMGRH, 3745 BRI
7RO E) E PR ATEE I DDA RETHE I L 2RBLTVS.
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BATE ERER

ARRZE TIIHERBEZ A HH U TV 2 E FAWT, STM IHEHRA T OFEHR S
[BondHEERETH B NT —, FEBART SMVDOIRRY, FitE, TMIE
WA T —)L & OB Z A L2, A L7 E8REIL T R T SM &
WL, TMIEHRDO AP SKDZHDTHS. Kayser 5 [5| DETIVCIE, =K
WaE A7 ha s 5 L EO Intensity, Temporal contrast, Spectro contrast %> & f[#
BRSO T, #iE L TWz. Duangudom & Anderson[8] DETILTH, HERHHZ
Intensity, SMf&#H, TM fH#Hz HAIZ KD TH SHEE L TWz. Wang 5 [16] DE
TINZHBWTH Kayser 5 DRFIEIZIZ, AVEAREET TARN T L 28T — AR
7 MVEEZASLL TROBEL TV, s DffFRIZHEET< &, Intensity,
SMEH, TMIEREZME T 5 LHEUEL G B LE X, £ T, K%L TIL,
SM & 5RO 7R L, TMIFHD KO 7K, Z T Intensity IZHH YT 5
SEINT — &G LT, STM ik & BEREABEE M & OFGRZME Lz, 2D
2, R TIE, Zho HEREHEZELUEDLYE, HEWA T —)L & OMBERE %
KDz, TORRZEXA41ITRT, XOMIE L EGHhE -T2 (Integrated
Feature), H{ffilL Liao & [9] DBHFW AT — L THB. BAHERFD r, pix, B
EVE LG U S EBR e OMBRE, KU pETHS. HRIE, BEEMEOSV
Beep, Noise, BHZEMDR\ Bird, Dog TEHEM: & OB A LNz, BARIEAR
Tld Beep 7322 L TH D, Noise BA N DFIEL T LLERFENME THE £ B HFAID A S
iz, MHBERBIZBEWT, #ia L E 8RN HEEA T —)L e OBIfRIE, 99V
BEfEICTH > 7=, BUAEXH, Integrated Feature A3ELELHI K & WiE X Tone, Sweep,
Beep, Tone & 72572, X} LT, Integrated Feature 23ELERHA/IN X W i IX Bird, Dog,
Laughter, Crying TH-7z. ThH6DHIX3.2 (a) DARTZ  RITILED, A
THRE L BRBEBIZAITTER S Z N TE S, Huang & Elhilali[10] DA
WWBWTIE, HRABEESOAZUYRLE UTHRELTWEZ &2 s, ANTHRE
EHRBEBE S IS TR LD, TNENTEWHBEZ R U i gt 2%E
Zohnb.

— /T, Kayser &, Wang o, Duangudom & Anderson D2 TE T ILIZEWT
NT—IZBT 2 E BRI EENT Wz, RIRIZBWTHY T 5, EHRT —
i, TMHE#RIZB VT 0 Hz O SM &R, SMIEHIZE W T 0 cyc/kHz @ TM 1H#H
MOBZETHY, MEIDOREZTEHENOEZELLUTLHDOATHSH SM IE
HE TMHEROEDE o7z STM RO FEREDO —DLEZ 5N 5.
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51 AFMRICKYEHLHIENALI L

AFEDO HIIZ SM iR & TMIEHROME/EHS & O THIEZTE % STM fHFHRIC
ED &S BREEREAHENDE PG L, BN S SN LY O & 5 I EE A BEE
PEIZBERT A SNCTEIETHS. TDRD, BRI, ANLIIZHERE
257U RIEEER L, STM ISR & FERBOBEREZIHHNZ. £ ORE,
HRIEZFA R B e TM ), FREEE RTARY MUEEE L SME#R, AM #
WEEE RO FM 2 E R e STM S OBEFRZB S 2z U -,

WAz, BEEAEEEVEDSEEICHIBE U TV B HE 2 STM IBHR 24 L, STM E#H O
EEMSBONFERHE EHEN  OBGREZHBEGREEZS > TR L. Z0
FEE, AR U 72 2 OFERE & B AEEEVE & O TRk 72 MBI ARSI R &
WE D TREEA R MIVDIED Y & DEEfR% FA 72 Spectro Modulation D &
TDr =045 p=019Th-o7-. L THERH/NIWVWEDIX, FHikMe OEFR%E
PRI AR M IVEFIEHRED AR 7 MLVDOE—ZDIRTH Y r=0.13, p=0.71
THoTz. STMIERDIHOKDT2, TNFNDZF BRI & TEEMEDOMEREUX
Bt H00, FEREMBENICE BEROBRVCEFERBITHWE WO KERZE S
Nz, ZOFERNS, BERREEEMEICE D 2 3 BRI N T —, BRI R
7 NIVOIED Y, FHEtE, TMIEHRAVERT S L Z2HS MU,

IS DFER X 0 ARBFEIZ B W THW 2 STM IEH 0 b CHER KBEEM: % Mgt 3
LZENARETH D Z EARIBI N,

5.2 BKRIN7-RRE

5.2.1 STMIEHR & BEEMED DM

ARIFEIZ B W TIKBER A BHE M ICHF 59 5 S8R LT SM Bl & TM &
WRfRT 2 S ERNEIERINEEE VI F 535 Z 8 BIHLS I N, Larl, Z
DFERIZBEWTIEZ D 2 DDFEHRZ —KIZ L THH L TIEW2H D DR %
RO B7-DIZHHAH U -REEEIRIEZENZTNENOEHRI»SAHLUZHDTH -
2. ZTD7=H, 2 ODIEHRE —ARIZ U FiE L BRI EE N OME %2 kDB Z
EEMBETHHLEEZOND.
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5.2.2 HEZELICLIZFERFEOERLLEIDLDM

AEFFETHWZ STM IERO I AN I N E —B DY D v KA ha s
TLELUTHEL T W2, 20720, [13, 14, 10] & A FEREAIBEE 12 b 5 LR
L7997 K2R, TUR, #HEMEL W 2RO & sl 2 %)% & 240Uk
T TWBEFERBIIEEI N TV, LI, ZTHSIHEDOHIED S DER &
HIZELT 2R BEETABERH L EZ NS, 2D, HEMEkE A
R NBZILERET, GREZ 2 IZHELZNETNDART b0 T T L%ERD
TS STMIERAN 21T LWV o2 FEEZHWS Z & T, Kiadlx L 2T 45
BMEHEEZRU 7 STM IBH & BHEM IR Z R RETH D L E X 5N5.
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