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Abstract

In daily lives, humans rarely hear only one sound, instead, they hear multi-
ple sounds coming from multiple sources simultaneously, i.e., they hear certain
sounds and voices actively by directing their own attention to them. There is
a phenomenon exists in which a particular sound is noticed, or the presence of
a particular sound can be recognized simultaneously with the occurrence of the
sound in a place where multiple sound sources are present. Thus, auditory saliency
is introduced as the sounds that unintentionally attract the ear without actively
directing attention to a particular sound.

Auditory saliency has been examined as passive auditory attention, focusing on
various acoustic features. Nevertheless, since the correspondence between the two
was investigated directly in a state of the manual investigation, the nature of the
auditory saliency hasn’t been clarified. When people hear sounds, differences in
timbre are also relevant. Therefore, differences in timbre may also part in auditory
saliency.

The relationship between acoustic features and auditory saliency has been in-
vestigated in a study by Kidokoro et al. based on Spectro-Temporal Modulation
Spectrum (STMS) (2021). The results show that the degree of temporal variability
of STMS is related to auditory saliency under conditions in which the loudness
of the sound stimulus is controlled. Nevertheless, the direct investigation of the
relationship between acoustic features and auditory saliency only explains the one-
to-one relationship. Another study by Arnal et al. (2015) used STM analysis to
investigate the characteristics of screams with high auditory saliency. In this study,
STM analysis was shown to be able to analyze acoustic features and sound quality
metrics (SQM) and to link acoustic features and SQM via STMS.

These results exhibit that features appearing in the STMS could be used to
the explanation of the relationship between SQM and auditory saliency. This
study aims to explain the relationship between SQMs (sharpness * roughness) and
auditory saliency via features appearing in the STMS.

Therefore, the following steps will be taken in this study.

1. STM analysis of stimuli of known auditory saliency

2. Analyze STMS using higher-order statistics

3. First, analyze the relationship between SQMs and auditory saliency. Next,
analyze the relationship between features obtained from STMS and SQMs. Fi-
nally, analyze the relationship between features derived from STMS and auditory
saliency

4. Consider the relationship between STMS-derived features and SQMs and audi-
tory saliency

The filter bank used in the study was a constant band gammatone filter bank,



with a frequency bandwidth of 160 Hz per filter per channel based on previous
studies and the definition of roughness, and a number of divisions of 551 channels.
The time modulation region of 80 Hz and the spectral modulation region of 0
to 3.5 cycl/kHz were defined as the analysis range in the STM. In this study,
focused on the distribution of STMS as a feature related to spectral modulation
and temporal modulation. The mean and variance, skewness, and kurtosis of
higher order statistics were obtained to examine the relationship between SQMs
and auditory saliency. The results showed that roughness of the SQM could be
related to auditory saliency via higher-order statistics of the STMS.
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1.1 ELC®IC

bt bOHE - BEEZIICDE LEERKE () ZEL TSRS 22T 5K
HIFHE, EEZED ETZ2OHBRPE bR WS U FER&KEH 2 R-T. |
EOPTRAELPRDENTHD, [HETEBEHEREIIEEICEZ L, BLLSHTH
Z L DIEMEB/ LN, BB TRIFIUIZDFEREE LY. —5T, R
TIMRET & MBI EICLEAR S 2D v, EEGECHERPTH-oTHE
wMEFoND. T, HENRERIERY 2 TELALGEICBVTY, &
THROATEBEOIRNEZRESEATES. 25 L THRADHEERIE, HEED
TRMOFEERZEALED, B2 EOFTEHEEITS, S-ER R 2EY%
ROF27-DICFEL CERBELEDNH 2 [1]. TOFREENE, BREHNMmE
DAI 2= —arrbI2lHb. ZDEIIZ, BADHEEIIRERED
RO THIEREIUFTE 2HPNIIAE L, HEEBICBWTERELRAE ZHS.

A DHEERICBIT 3 BHRUHICOWT, SHRERT 23S 2E2 5, FERK
LI (WHE) PNEETHH, B sEICXlING. YN KTEELD
BThD, RENZZETRLUEZDONRERETH 2. 2 LT, REFEDIRIE
BEUOART PV X >TEHEABZELL, 26D LETARTITNICE -
TUFL, HHREEHELTWS., BEEICBI 2 ERUEOBETASZ L, BER
AL E D & BEMR I K NEEH KRS RIS BT B BB, 7 L TZE0BRDKIKE
BETOEEFRRICBIZEEPCEI-T, BATOTHIrLH—DF L LTH
BT TES. HYEORBEN»OBDLNZED, HEEBIBWTERDE
RN SET 2B ZFRRICHEINT 2 Z 2220, ZOHETDH, b MIFRFEDER
FRDOAZHERD Z N TES. ZOFNIRUEBHRIX, 7 TAR—T 4 —
MR 2] £ LTHPHNTED, HOEMIVICEREZMT 2 2 (BEBIVEER) T
EHxNh3.

— 1T, BHEOZIRDED BIGICBNT, HEDERKIChro720, TOF
AR VWHERLIEBTEIHRDH 5. HlzIX, —MBIC AL, FINTHERA 720
FRD, FFOBRBICNL T ACTEREZLDR W [3] 2, BBOLOHEOHIZBT
ZHEED 77> aree bOEIEBER X, TOERHKLELZAFHNCERE W
TR THIRIFZDOERZ/IMTES. DL, BEHNICREDHFICHER
ZATT 3 BOITHEEZEMIoN 2 B2 MERENEHEE[4 2 v D.



1.2 WEES

FEREEEM X, AENLREZICL > TR0 3NB3BERICBIT 3 ZHER
TH5 4. ERNVEZEENBTOLED LS ZRRHICE VAT 20, AIELPTV
WAE ORI EREORNCEELRERTH 5. FERIZFEF 360 &% MM R
DHIF LY LTW5 7, HHHOEMPLEMREZN OB L2914 L Y REDEBDIR
WOHFH IR KD HNZGEITHBWT, BESR-THEENIRKZ V.

X 11 ICHEREZEEDA X =Y KZRT. 2O K512, b M ORARIINFD
BEREZEHNE L—HOBHI AT LA e TES. 20710, 22RIC
FEOLNZFEBFICHE TE 2RHE, b M OBEAEICE W CEERKEH 2R
D, HIBERTVEINT 2 FORIGERGI T2, BEERICBI 2585
HLFEOHRICE,N S, Thbb, BEENEEEZHS ST 220, AR
R =X L DFRFHICED 5.

FERNEEZEMNEX, b OREIEDLL T b H OV EOEWIZL DL
THrEZON, FICHERNEZFHEICHRS EEREOMEI IR TE[5. B”H,1T
S & HIZELT 2 AR MUVIZEHL, MEZEOERE LTHLAEARY
a2 ABEEHINS. AT b rT ATIE, B R, FE - E
BB TANE(L T 2 R MR T X 5. Rrc, K & FREO Mo 2t % ZF K
T LUTHEZAZFHEE LT, AT MVEFH - RRIZH (STM: Spectro-Temporal
Modulation) 73#123% b, STM D THE SN2 STM A7 FL (STMS) & H#
HEEE M OBRIBRET N TWS [6],[7]. L L, HHICE OEEEREBERE
U TIRBEENEEEZHATET, LML oTED XS RENEEL LKL
20bNHTH 5.

—J7C, BEEMEZEEX, BORRI e KELED 8], AR IEEICE
BiHIEED—D2TH 2> v — T A0H % [9). HHEMOIEREX, BRI
BEHMEIEETH D, MALREERNBEEEND 5. T2, EERHIS O TR
FEENRHHT 2RMNICIEE > TVRY. ZO-DENEEEDORE 2H 5 7
DITIX, BEREIZITRIEBRDL LD OVETH 5.
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1.3 AKHAZOBER

ARIFFETIE, STM AXRZ bL (STMS) oG 2K E N LT, EHEHb
Bl (v — 7%X£iU77%X)ZW%%E%@®%%%%%#L?% )
FHIE L. SEHMEEREZ, b M2 EZBEE L 72BoRE 2 HEL L&
WZ4R B B BIRHEERE [9) © Z & T, ZEFMEREICHE D  HEERBIC MR- TV 5.
AWFFE T, BERNBEZEELBATH 2 A DOEEZWNRE LT, STMS IZHI 3
e N3 2 & T, HEMIEE BREEEEOBRICOVWTHETT 5.

1.4 AXHAEDOEE

FER MM ICBE T 258 Tl, EOYENRHOE VI D EL 2HER O
BEE e LT, BERNEEEICHRIELOFERMIFAEINTWS. KATH
X, STMS ZF20bh & U CHERENEZEE AT 2085 L, FlioZ7 v K
I RAERMAZ TS TIZBWT, STMS ORIZLEE R SEE S ICH%R S 2 L 2R
L7z [7]. L2 L, STM » 575 64 2 R & BERSEZEE O N SRR Z EHEAMRET L
f%b STMS IZHN % & D X 5 R FHEDHERASHE ISR 2 D3 & TR,

T, LI DPEEREICGEEEZ S, BEREODE V2 Vo Yy I
I@@k , DIEER S BfRT 5 [10]. F72, BEENEEECIEEORMREI 2V
SEERBERMSRZMED H 2 [8]. ZO-DEERNEZEEICIE, FEOEVWHHRS

CeNEZLNDG. HHICRLIEEE U CEEMEEERD 3 720, = EHiTE
A FN D ICHERNEZFEEHA T2 EXI 605,

AECHEEREZTH S MR 2 STM oM L, WO RORFEN % 3 #E
L72B5ensds % [11]. 2 DGR, STMS OFRHE ORI & B iiEE o —
DTH 3T 732 AMRL DN, STMS 24 LT, HFERM Y Z 8 HMmferE
PREOOUT 7.

NSO S, HHEFHMATEE » R NVEZEEDORIC STMS 2265 50 55
a3 2T, BEHMITEE  BRNEEM @S 2BRErHHTE S &
EZ 7.



1.5 ZAEwXDIEMN

AR X DR Z X 1.2 13-

E1E

R THR S BERBEE R ICB 3 A2 E E =2 bR 2 Z e CTHIYZBAfEIC L, &K
WEEZITHOIIHTo THEEZERZARRS.

F28

PERMBEE RSB 3 2 Wt e AWISE T B L - B HaHMlTE R B § 2 5t &
O, ARZ PVETR - KHZHRE (STM) 1B 25827 5.

E3E

STM 3478 LT STM AR b L (STMS) OHHHITOWTIRNS. 7,
ISEZ DT % 10 HoRilEZ STM 947 L, STMS 23R 2. ZDtk, AR
7 MV e BRI R A R Y L TSTMS o filcEH L, EXiistE (&
D, TR, EBE, RE) 2RDS.

E4E

STMS O RHICBIT 2 &Kt R EFEET ALSGEH LYy — A RAB &
N7 73R, BEENEEEOBBRICOVWTONTS. Z20#%, >y— 72 AB X
N7 732 R BEREEEDOBGRE T 5.

EHE

HIE % COREREIEE BT D 2 D STM iR E & CAWZED a2 >~
7 FORENBERZMW L 5.

E6E
AR THLMNIIR o722 & 8RR EINTZFREICOWTIHRR S,
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FE28 FEERAZE

2.1 EERNEEMYICEYT S

HEEE ORBEBIC L SR VWEDHII BT XOR MR FERNEZEE L LW, Z
FTICRR A BRI Z DR e U CHREE AR X8 2 BEREOME XN
TE/z[4],[5]). 7z, BEERASEEME, BRENEZEE L BHRNVEZEE VWS 200
RICICHACTE 5. BENEZENRZ, FEOHTEREIINT 2 A\HOFERRDK
JSIZ Ko TIRE S [4]. —/7C, ERRIVBEEMZ, FeBRENOA—Z2FMIC X
DAERINS [12). #IEE, TEEELIB 2R EIHRINCFAES 2 2 8 [4 %
RESFOHREZLEAEL LT, A7 a2 752598 LT\ [13].

DX, EEMEE, HEOMADE»OFREL TEEELNH D [14], Kayser
5 [13] 1 & o THERNEEEAFKEI N, ZOWRTIE, AT bR T T LI
B BRBARYZ PLeEBay PN, BEEaY s SR M oiEEE~y 7
PAER LTz, 2GR, BERENEEE GOHEBEEZ R, YV Y RRAF—7T
DB SEF M 2 08 L 95TlE, A2 ML e BRI 5 O S5 8 M BB 1
BHEMICHRD Z e 2R L 5]

BERHUOIIPICEEZID ANHELDH 5. Tordini 5%, HDHRKIZHRS
Brightness, Tempo %° Loudness % &% 2 525 & HIHERVBEZEE DR D
ZHET U7z [15],[16]. ZOFER, HEREEZEE ChooFHICHWS = Re—
FIZBTBRREAMODE— X > MEOLTDH 5 RFEEE O (Temporal centoral) =2
AT M VEIL (Spectral centoroid) , FHZEERYJEHAME % 2R 3 Harmonicity O
BE/RL7z. F£72, Kaya[l7],[18] 5% Taishih[19] & DIfFE TS, EEBIUZD
FHICR 2 SR G THERNBEEE CHESE W 2R a Lz, L,
FERMEEEM ORI T, HREOTBICEGEINE =0, FRLER LT v T
(FEEGRAY) 1 X 2 B AISEHENE O EMERFHMEATT A TV A 2IETRHTH 5. £z,
FERAYEEENE ¥ SR OBRR K ¥ DX 303, b b DAL - 178)
FINCHEETH 2MERNFEZF RO 00121, MEB X OSEMER, %
EZEN O DOMEERH bR EEZONS.

ZOBEITH L, Liao 51, HRAVEZFHEOFEICE M OF 2L 2B DKk
I B e UTHWZ [20]. BABR AT N T 2 FHFMEESR L D, L
DRIEDIRE ¥ PEHENEZFEORD R L7z, £/, REAM - AT bLFHA
WIEEFLRBEILEETHL I 2 RE D, XI5, 7V FXxRA2/HHI LK
BRI & B CHER AIBEE DN B2 5 Z e R L 7.
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BHDARY MVAFA-REAROZEL 2 ZH 7 & LT X %2 FETH % Spectro-
Temporal Modulation (STM) Z3#i23% %. KFtHE, STM oM cE5 3 STM
ARZ bV (STMS) oo 2 BENHEREI LA 7. FRED, v Fx
A %HHT 5 Z & T, STMS ORRIZEIDE S W EERIVIHE IR S 2 & %
LT LTz, Lh L, STMSIZHN 2R & BERAYSEZE M O NS 2 IEHMET L 72
728, ZOREIXHS TRV,

7 Cc, REMHEZFEERETH 2WUHEZ STM 54T LT, MO RORHK
PHRBELEMEL DS, FERID, 0~150 Hz DIRIEZFHS R BER B IR 2
ZrEHLIPICL, BEEEHEDO—DOTHEHEDOMHE (7 74R) 1L TUMUHE
BMOEZE BRIMEEET S22 2Rz [11]. k7, EAREEEE (FO) 2
EWVDLEFEX, MOFER XD BBCERIEW I ARSI ATV S [21],[22).

CZETICHIBLZMoE & b, BEREEEMEICE, b VI EZEEEL 2R D0
HNER (Ft) PEFRL, BERoFERBOMEBEERHICIYEL 2 EEZ LN
5. L L, BEENEZFEICHRIMEDS X, FER  BERENEEEO XL
BRZEZRE LT\, Z0—HEHHT 218D, BEENEZFEOAR
HIZH S TR,



2.2 BHEHMEEFRICEY 3%

HEICBE T 205t e LT, BEMEED D 5 [9]. HEFMERE, &%
L7 PORREECYHEZHONIIZdDTH2. REHNSCHEIHEOY
VY RTYA Y, FRFABRBICB2EREOIEI 25T 2 HNE LT
RIS ZenZL, BENZEOHFHIIHRLE S v —THA AT I H I Vo
THER2 7 7 XA AR EOEIRICGR 2 LEREICRESINS.

77 R R, BEEL~NL40 dBTH S 1 kHz DAIE D 1 sone & EFHRSNS.
[23],[24],[25).

NZKMMNQMZ fsone] (2.1)

Z 2T, Bark iZEFA, N (o) ZERFIRZ 077 R R, 2 BEFRHIEES
THDH, BELNILDOIEDICH RIECMGRR, FRBUC HKET 5.

Yy — 7 RX, BELALH60dB, 1 kHz ZHuDEREE Y U CORBIED 160
Hz D& Z 1 acum & EFEINS [9].

JyP N (2)g (2)dz

S =0.11
024Ba’r‘k N/ (Z)dZ

[acum] (2.2)

ZZT, g2)E¥ Y =T A RXADEAERT.
7 73R, BELLD60 dB, WoXEREDS 1 kHz, BN 70 Hez
DY E 1 asper LEEFRIND.

24Bark
R= 0.3fm/0 AL(z)dz [asper] (2.3)

T, fmZEFEEE, ALIZHEELNLOILBDET, BEL NLOZEH)IZ
KIELTEOHIEZ(T S, 5732 RDHETIE, BRFHHRI L0 AL #3HE
L, ®fETNELZdDD, OB TEALE L TKDEZENTES. &
BRE, EOLHESPREE RO DD, BEL L 60 dB, Wkl E R
D31 kHz, ZEHJEREDY 4 Hz DED 1 vacil L EFRE I NS [26].

5 0.008 JEABark AL(2)dz
B (fmod/4) + (4/fmod>

[vacil] (2.4)
HOLBEOBSIE, ALWTHBIL, fmd4Hz DL ZITHRKNITKRS.

ZE TN LS ERHMETEEE, FICEEEeY Y >~ R P A
5. F7z, HEITHANA L BEEE L REfLORIICEI S 2 B8 [20] THRTE
HEAMETS 27 N2 ROHE 2R L - ETEEFMIZ1TS 222w, &

2
Sh
n,



H & [27] ®° Kwon & [28],[29] 1%, 7 ¥ Fx X #iill L7z LT OEEE 0 EES
LI $ 2 BEREZREL, HHIOAEZRTEORRE Vo2 EHOREIE-& D
THEHMELTWVS.

HEFEOIHIC KD, BMIFEEOSTEZFHE L A HEZ SFET 5. You b
&, FAZRE LTI Y RARZECDUODIEETET V2 EE L [30]. Z
DFFFETIE, FHEIEHE & sHEED B3 2 L s U7z, ARG & F OMiE &
%% b U T 1 [31] B WS O PR EEHE T, EEENEL, M
UT 4 D/NSWEY, B2 L RICHE e R 2 28 2R L7z [32]. —/5T,
Horvat &1%, HEMIEZEOFEIRICHE D RV [33]. BRI D, HH
BREDRBZIRR 57201213, BEHHEEEMIOEZETLICED LD
HEME R L. 20X, BRE2Y VY FRAT—F (B35 AN ADBXROH
THIRL, BBRL, BT 2 HEE) [34] I8 2 BHEMME T, &HEHEED
WHETH 5.

HHIMICH L3, 54XV PRBRICHEEMOFEEREZ - M50 D 2
[35],[36]. ZOMZETIE,  FOEOHERNHIRICEH L, SEHMEfEELE 2D
el BZHWEEHET M X o THRINIEE ZFHME L 7-. ZOfR, MHoFEOR
HMERHE LTHRHALEGS LD, BVWBHERBEZRLZ. Eoi@lsid, F
AR OHEE L WS b b OEEAIE X 7 =X 2 DAY, vy —T% A, 77
IR, BEIREICEH LK [37). ZOMR, BEAEKEZEDIZNIIEOI 6D
R ERAEOEEE LTV ATREMNEZ RIZ L 7.

Th o EHEFHMEERUCR 2% & D, B HE ARSI O & EEHli72 TR
{, & FOHTEX =X LEINCHEF 7ZAANDHRED L TWD. £, A
MORBEZ ML OV E L BEMN T 45 TH 270, HEHMEEEZH WS Z
CTEDORBZEELE L TR TN, FERAVBEZEED SRR 2 T DR BHE
2725 2 RRERNEZEEDRENITA S EZONS. ZhAbDIehd, &
BAHMEEIC L > T, b FOBEERICBT 2R OR, ¥ b bIFIERIEE
EUEMATE 2 EZILNS.

10



2.3 ANRT MIVER - BRAZHEICEAT 33

2.11Z 'The radio was playing too loudly | &\ 95 XED#HiA LIFEHD AR
7 aro sk, ZORKD, SRR e EREOT A, K 72N & JEREL
D TENT 27— Ru—7Dllie R (RDFENDZE() HHEERTE 5.
Z DB X CEERBOT NN T 2 2t 2 Z#lr & U TR Z 2 FiEL LT, AR
7 WOV - BREREZSFR (STM: Spectro-Temporal Modulation) 3#123% %. STM
PTHEOLNS STM XARZ bL (STMS) &, FFEIZ#H (Temporal Modulation:
TM [Hz]) & ZX~XRZ hVEF (Spectral Modulation: SM [cycles/kHz]) @ 2 X7t
ARZ ML LTREHLESDTH 5 [38].

BHOD STM 2 ir 5 A7 FVEAH - HZRHZHEST 5 28T, ZOEDIH
T A - HIREHMEEICOWTHIS Z & 23T & 5 [39],[40]. Schonwiesner 513,
STMS & ERDZEFHIFIT BT 2 FEFEKITR 2 AR ML - IKEZEE (Spectro-
Temporal Reception Field: STRF) OXfjt% 7R L7z [41],[42]. STRF &, HED
Za—BYIINTIRIEERT. 20D, STMSIZIdt M OHIED D 2 FREK
s Rl 5.

INHDW|ED S, K2.1121%, BHOMECEBEFHENIBN 22, STMS 2,
HREFEK IR D IERDBIN S 20, X DFFMLREOREOHENHIRTZ 2. %
7z, B2.212STMS 22 6b2 2527, FEROLHFHBEEICIE, FHE MRt
2 TEHDY [43],[44], MEOZEFEBICIE, FER W\ o 72 ERIYIERDS [45],[46], F
Ly DEOEHREEICIE, SO ICHRAERERL TV [11]. Z 22BN 5%
HiE, WrFEEVWoRNELRERICEENS.

ARFrHE, STMS ZF530 D & U CTHERENEZE ORI e 21TV, 7
v R Z0HREE T UYE, STMS ORHIZ L & BHE DML E W Z & 2R
U7z, %7z, B THRED STMS 128 2 RFEZEH: 1~10 Hz, AR MVEGH:
1~3 cycl/kHz OHIPHTIRZET % L MG SN TH D [47],48], [49] & F OHEF > X
TAPE R TR SEHZET DI, STMS IZHKIF L TW 2 AEF2E1 - Al
RIRIDS Do Twd. U EORR KD, BEREAEEZEN  HEEDE W STMS 12
Hh 2Rz HW5 Z T, BEREVESEEZHATEZ2EI6N5.

11
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Modulation Power Spectrum (MPS)
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2.2: STMS f5il & AR 2 72 BEE (SCHik [11] K D 51H): KIFPF o2 FREBICI
MERNTHR S THHR, REOZRBEBICIIEWRIER, HEOZFFIBICIEE DM
RS HRE R
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FE3IE YWRIBDSTM 7t

3.1 WMDHESR

AT, HEER T 272912, K3.1IR LR TZERiED 5.

3, BEEASEEESBEM ORI Z STM 943 5. STMS 2251551 3%
F D ICHERNEEEZHEATE S 2 bho T3, %72, STMS IZHN
BDEEM Y Z O OWE DR DD o TWE T8, AT MUER - L H%
ST 5 Zrickh, HEFMOIEE L BEENBEEE 2SO 2 R RET 3 5.

ARFZETIX, AT VA RERZTHICR 2R LT, STMS O HICHE
H32ZtT, b FOHBEICRZIEETDH 2 S EFMERE » B EEE 0 B 1%
PRETT 5. 72, STMS B XU STMS OEHICH W= T —2AXR7 ba 5 L
WX LT, EXMEtE (ELD, 78, £BE, RE) 2RKD 3.

Rz, EETAV[B)ZFMALTY Y =T 2R 7 732 A 2H ML, SR
HRD @Rt & & HEE R — LV OMEZRD 5. Z 2 TIE, MHED 0.5 1
OB EKEEX 0.05 LT OGS ICHERVEEZEE  HELH 5 & L.

®RIZ, STM 22 518 5N 2 Rl % i U CE EHiifers & B rBEE o B R %
ST 5. STMS OEXEtEEN LMHic &k b, HEMGTEE & BN 1 5EE
YEDOBRD REIUE, BEHEX DX LZEIAT 2 2ok D, BEEAEE
HE2EEES»OTHT 2 2 e HEIEREOHENC X - T, BEERBEEEL 5
EC& 23 Z IR TE 3.
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iSRRI BRE AN EE X0 D R
ZSTMAOHY S

ROI-STMSIZ® LT, SXR#fET=E
ZRAVWVTOMT S

4

STMSD 73t D& Rifist = & B EFHIEHE1R,
BERMNBEETEOEREZITIT D

\ 4

STMSD D EREfeT = & B EEFMmig4E,
HEENEEEEOBRREERT S

3.1: RUFFED M
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3.2 STM S2trDFI|E

3.2 STM i 7 ay ZKE/RT. STM T, FTEFEL >~ F—
7 4 L& N2 (CGFB: Constant-band Gammatone FilterBank) DA > %L
ZEEMBALT, BN EITS. EERELTITRT.

gr(n) = A(nAt) N Vexp(—27 BnAt)cos(2m fynAt + @) (3.1)

zr(n) = gr(n) * s(n) (3.2)

ZZT, 2x(n) I CGFBDF ¥ IV ITH 5. £z, * IXBAAAHEETFT
HY, AIRE, 3R, NZ7 40208, B (=160) (TR, & 13NMAH
PR F, BWFEOLREEBIT VS b=V T A NEANYITDF v 2NV FES
THY, k (=551) HOETRT >~ b=V T 4 VENY IRERINT. K7 4
NI, 74 NVRHEEIETDOTZ A4 2 -3 dB TRELTWA.

RIZ, T4 NEZNYZHI 2 (n) 1L, KAUTTRT AL MBS K P35
U & D, FRETREEI O Y — gt e 2(n) KD 5.

ex?(n) = |xk(n) + j + Hilbert(ay(n))[” (3.3)

Hilbert( * ) I b~V N2, |« P Z R TH 5.
BRI, 87—t ex?(n) 1f LT, KRUT XD, 2 KIT Fourier £z X o
T, B (c) 1ITRT STM 22 F )L STMS(m, 1) 23K % 5.

STMS(m, 1) = 2DDFT (loge;(n)) (3.4)

2T, mINEZERBBEDA 7Ty 7 XA (m=1,2,..,M), LIZFAXZ L
LiHDA YT o7 A (1=1,2,...,L) #&T.

AWFFED STM OHIFIK, KRR (TM) JEREL frn T £80 Hz ORFEIZ Y
REE (Afra), AT FVZHH (SM) FBEK fou TO cycl/kHz~3.5 cycl/kHz ®
AR PNVETRDIERE (A fon) DOEFIRE L7z,

ZIT, RRTERLE fon & fou 1, fou = mAfry & fou = IAfoy TRZ
ns.
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(a) Input Signal

0.3

S (n) 02
l 3 0.1
Filterbank B
02
X1 (n) Xy (n) Xk (n) s
0 01 02 03 04 05
Time [sec]
(b) Spectrogram
Hilbert(-) < 10° | -
e1(n) ez(n) e, (n) S
>
5
=
|- 1% £o
2 0 01 02 03 04
‘1 (n) 622 (n) el% (n) Time [sec]
(c) logSTMS
2DDFT ’g‘ Specio Temporsl Modulaion .
Q3 s o pal
=
STMS(m, 1) §1
E
ey MIN
% -50 0 50

Temporal Modulation (Hz)

3.2: STMAHid 71y ZK: (a) ANES, (b) /7 —EHE#R (87— 227 b
0277 L), (c)STMS DRERH
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3.3 D& H

AWFFL T, JEfTE 200 & b, K33 ITRTHAEPLPALEZET 10 HOH]
HWESHNRE Lz, 2R, +—2 Y27 =BT 32 BER
BHE M HBIL TV 5.

BAWRHEENR r — 2R s. BERENEZENED S S OIEFICHES A TH
D, HMRIE 500 ms, ¥ 7V v FREBEEIE 441 kHz TH 5. KA [7] O &
D, Moore & Gracebarg DET IV 23] ZfEHL, KD 7Y FAXARA L XILDHEK
fili% 65 phon ¥ L TRHIBTHEEL RV EZRHETZ LTIV FARALNILEH
L 7z.
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RETEE

REMES

R34 RHDAR
Tone 1 kHz QIS
Dog RDIBER
Crying FHDIALERE
Noise HEeM#E
Laughter FHOKWE
Phone BREDEEE
Scratch Bz 2B EOGE
Beep HEARBER#S500 Hz DFREEESE
Bird BDSZATY
Chirp 200 Hz H 58 kHz & THRRHIC

FRITB3Fv—TEE
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Saliency

Tone Dog Crying Noise Laughter Phone Scratch Beep Bird Chirp

P \NVd

3.4: PHEM A —v (OLHR [20] & D 1ERD
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3.4 RREEE

FATHRSE (7] & D, BERAVSEZEM 23T % 2 T2 D 23 STMS 12BN 5 Z & 3
bhroTED, F7FxRBHD DD oTWVS [10]. T2 FTIZibR7 STMS
X, NV — SRR RRIET E AR P AETHDBEBE L TARY ML
WRTHSB. 207D, FEEHL 27 PAVEFIIR 2R e LT STMS O%
MICEHT 5 Z 2T, BEMHEE  FRVEZERORBRRIE IO Ze B T-E
TZ5.

AT TIX, STMS ODRICES 2 & KMetm e UTELD, o8, &, RE
ZRD T,

(i) STMS El» (STMSy)

STMye = ij > Z logSTMS(m, 1) (3.5)

=1 m=1

MIETM AROT =2 E, LIEZSMAROT—XETHYH, 7—RRIEZZHLZN
M =441,L =551 Td» 5. STMS EH.LME, STMS DT %ERT.

(ii) STMS 7% (STMSy.)

L M
Sﬂw&%:vzzljj§:§:lqﬁTMSnzD STMSyg)? (3.6)

o~

=1m=1

STMS 778U, THDIESOZFDREERT.

(i) STMS £ (STMy)

1 M

=1 m=1

(logSTMS(m, 1) — STMSy;)?
U3

(3.7)

STMS X, [ERDHICHT 2 0HDEAEEEZRTEXRETETH D, FEN
MMEICR21BIETH 2. BO XD HIENHHENCOMHDIR 2 5EIWCIERZ, EWHHE
WlR-> TWAIGEICADEL D, [EN0 LR 258 IEENMOOHE 5.

(i) STMS 2RF (STMyy)

1 L M

(logSTMS(m, 1) — STMS,; )4

4

(3.8)

v



STMS REEX, [EMRZHICHT 29 M DEMHEDRD ZRd. FBEDLEMND LR
DEEZRITIEETDHD, THPERTHEID BRIZGEICIIER, SmdRF
REBICADEE L 5.

THITIX, STMS DRI L T—2DIERSHEIREL, @AMt E2ET
L7.

3.4.1 DIER

M 35 IHEREZRT. 9, FEFHBIHT 3 0HHERICOWTHERT 2. (a)
BT DI — 27 ML TH S, (a) FEERER (BEAL: sec) |, HEllEIHK
B (BN Hz) Z23K$. (b) IZSTMS 2R, B KO #HPIIX 3.2 £[E LT
H5.

X 3.5 (b) &b, BoEH (Bird, Dog, Crying, Laughter) Tl¥, +20 Hz
F CORBZTNCB I 2N AR MLVEFRAFBICREIEFR LTz, Z 0k
R, 1%, MEOEFER (9] & R CERAEBICR P D 2 Z e 2RT. ALETIE,
Chirp IZBWT, K& HIZRIDIZE(L T % STMS DBEEF IR TX . T,
FiDs STM 2l L THATE D, BOMXIFRL2EHRERZE L T\,

X 3.5 (c) I XSTMS D73 TH D, HEhH STMS OfE, HtdhdzDHETH 5.
SR 2 ©C STMS OfED/NE W Min 1A & K E W Max HHT 2D —72
PHEFETE, STMS DIEDVNE W Min AHID ¥ — 27 OF D35HET - 7. BHEMER
F—IVZEHT % E,, Tone®d X 5 ICHERENBEHEEDEOFIMTIZI =20 -2 D
MIFEDA <, BERMEEZEEOEWRIBIC A 21200 T, 2Bl % Min A D
SEDO Y — 755, Max DSHEDO Y — 27 ¥ DR D Ik 2L 3 2 E[[@0 MR T
7.

22
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MIN
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Probability

Probability

Probability

Probability
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. Histogram
High "
(al) - Chirp
Lml:,/ﬂN MAX
Power
High Histogram .
| (c2) - Bird
Lo»I‘\I/IIN MAX
Power
High Histogram
(c3) - Beep
Lml\v/llN MAX
Power
High Histogram
(c4) - Scratch
Low
MIN MAX
Power
High Histogram
(c5) - Phone
LmI:’/HN MAX

Power



Histogram

(c6) - Laughter

Spectro-Temporal Modulation
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3
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1 E
2
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Spectro-Temporal Modulation High 1583’ an Crvi
2 [l s (oD Co) - m
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155 £
2

1

0.5 18

Frequency [Hz]
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Probability
£
z ;
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Low

Spectral Modulation (cycl/kHz) ~Spectral Modulation (cycl/kHz) Spectral Modulation (cycl/kHz)

-50 0 50

Time [sec] Temporal Modulation (Hz) H}’fower
Spectro-Temporal Modulation High e
W ' (c9) - Dog

w

(b9) - Dog
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3
|
1

ectral Modulation (cycl/kHz)
(3]

[=]

Probability
g
| F

0 01 02 03 04 MIN oy

Time [sec] o y "
e [sec Temporal Modulation (Hz) Hf;&“;zm
MAX e
) (c10) - Dog

Frequency [Hz]

Probability

MIN
0 01 02 03 04 50 0 50 Low e

Time [sec] Temporal Modulation (Hz) Power

Spectral Modulation (cycl/kHz) Sp

3.5: STM 3HT DAER: (al-10): X7 — 2R bv GBS Y —ELHERR) |
(b1-10): STMS, (c1-10): STMS D73, F SR ITBEEWER 7 — L DU I -
T, k25T (1,2,...,10) iZHD > THEEEEE KD & EIc Bl E
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3.4.2 EXH
OWEER LD, LTOXSICEELT-.

- STMS OEEICEH L1-5E

SR 2L T, FEINNIWVIGE, Y—20oMREIEATED, Z05HEICIE
SEEEDNBRWVERDL D B L EZHNSE. —JTT, OO0 — 7 DORIEIEEE 3]
Wk, EEHrSWHEBEE R EZIONS.

- STMS OREICEHLI-5E

R 2T LT, RENNIWVIEES, Min FAIOEY =272/ &Lk, ZO5EE
WHHEE L RWHHB Y 3 2 E X 5 5.
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F48F STMSZ LI=-EFEFHIEIZE
C EEREEN DBEROEST

4.1 9AE

HIEE TS, STMASELNZFME LT, STMSOOMICERL, &XEE
BrEH L. ARETIX, SEHMOERS L BERNEZEEOBEGREZ AT 572912,
STMS DR HIZBT 2 EXE B EN LIMa 21T - 72, STMS OB &L
LIS, BEENEEEOBRICOVWT, HEZRD 2 Z e TREITLE. &
BAHMGTEREClE, SHMORMEEZEEL T, Yy — 732 A7 732 ARHAL, &
BETIL[50) X hRDT.

4.2 STMS OEXHE & & EFHEEIZE DR

B 41~4.8 KR S RKD @A RE ¥ =T R, T TR ZADHEDE
fXERS. 22T, BWEADHAEZH Y LSEXEE, s ENERTH
B2 %—THAL T ITHRATH3.

GIRER LD, D THE S y—T 3 X, 773X ADMICIX, ZEN Corr =
0.25Tp < 0.49, Corr = —0.13Tp < 0.73, Corr = 0.42Tp < 0.23, Corr = —0.19
Tp<0.60&7h, HENIWERETE oz, —HT, BE - RELIT7XRIZ
BWT, Zhzh Corr = 0.66 Tp < 0.04, Corr = 063 Tp < 00527h, B
BERHBEERETE, ¥ — 73 X1& Corr = 0.46 Tp < 0.26, Corr = 0.55 T
p <010 &7b, HHBEIHRTE o7, R COMER Y LT, BEREIEE
MovEn (BEFEER 7 — LW SO EoRlEICR 2) &, &5 EHfEE
DIED Eh o 7=,
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Roughness [asper]
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Roughness [asper]
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Roughness [asper]
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Sharpness [acum]
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Sharpness [acum]|

AN

(U8
()]

(U8 )
T

o
W

[\

[u—
W
T

[u—
T

=
W

O

{ oy

p<0.73 ,(Sﬁcratch

\

Laughter

Phone Dog

N
, W
\: )

K

Cor=0.13 Noise  Beep ~ Bird,

Chirp Crying|

Tone

100 200 300 400 500 600
Variance

(e

4.6: STMS 77Ht e & v — 7% A DHHEH

32

700



Sharpness [acum)]
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Sharpness [acum]
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4.3 STMSDOEXFETE L ERNEZHEDRER

4.9, 4.10, 4.11, 41212, STMS O3 & RDI-@mXFiat & & BEHEMER 7 —
NOBEOWMMKZRT. 22T, MEIOHHELER Y L& E Xt &, Ml H
NEMTHZ2BEENER r— VL THE. FHRLD, BOLEAHEEEER T —1T
X, BEOIIBWT Corr = 0.24 Tp < 0.51, 78T Corr = —0.52 Tp < 0.13 & 72
D, MHENIMERE CE Do 7223, LTI Chirp TRV K, BEEIIPEZE:
DI BV Tone T FEUIRD RKE WV E WHHANH -7, —J5T, EBEIZBWL
T Corr = 0.75 T p < 0.01, RETIX Corr = 0.70 T p < 0.02 ¥ AR
TZ7.
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Salience scale (same loudness)
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4.9: STMS B & BEEMER 7 — L DOHHES
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Salience scale (same loudness)
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Salience scale (same loudness)
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Salience scale (same loudness)
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O :
Dog " Crying
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4.12: STMS 2 ¥ §HEEME R 77 — L D FHES
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4.4 BEFMEERCERTRRZEOR R

KAVHEET NV TEN L AT EHIASEOMEZ/RL, K4.13,4.1412, > v—
TR, TI7FRARACEEERR -V OMEZRT. 22T, D EHERE L
TS B EHIHMATEEOE, HEMABNERTH 2HEMRr—LTh 5. FRLD,
HE e » B EEE ORI, ¥ v — 7% AT Corr = 0.56 Tp < 0.11,
2 7% AT Corr = 0.58 Tp < 0.06 £, HEMH -7-.

KIZ, TDODIEE L BENEZEEOBBRICOWT, HBZRICY vy — 7%
A, I3 R%, WRAREERNEEEE UTERBIFOH L, F4.2, 438X
O TIERIRERD. 22T, BIRAFWRIEZT 71 RDEREL, Wsilds v —
TXRADFRMTH 5. FERED, HEIFSH & FRICHEEEZ <, AEMEMICHE
F ol T, EEMELEWHIETIX, 7732 23EWE WS FER T DR D
Hol-.

HERMIBEE M = —1.825968346 4 3.740328523 x Wx + 0.532749034 x Wy (4.1)
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HEEFTALIDEH LYy —T 2R 7 72 ADHE

Rl Tone Dog Crying Noise Laughter Phone Scratch Beep Bird Chirp
VX —TH R [acum] | 1.01 1.31 3.08 3.45 2.27 1.38 2.97 3.62 3.71 2.56
7 7 2R |asper] 0.02 0.03 0.03 0.05 0.30 0.01 0.01 0.03 0.39 045
7 4.2: [ElEHET
EAHRE  0.73432926
HIE  0.53923946
FEMERRSE  (0.87018944
B 10
HEF  0.06639929
7 4.3: E[EROHT
MR fRE | FRUEERE t pfH
PE I BEZEE | -1.8259683 | 0.79058654 | -2.3096375 | 0.05421574
Wr 3.74032852 | 1.91895977 | 1.9491438 | 0.09228386
Wy 0.53274903 | 0.29058963 | 1.8333381 | 0.10940861
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Salience scale (same loudness)
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Salience scale (same loudness)
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4.5 EE

STM 22 61§ 5N 2R & EEFHIHEIROBRICOWT, B - REL I 77X R
TEWHEDRH o7, LAL, vy —THXAXBWTHEIZ R o7, RRIEIL
BWC, BEHEROER 2 HAEINT oW Led, SEEFHIHEIRICFR 2 22
BTonfizRD2 T, AR EAZeEZ NS, £, GHMITER
CHBER SR CHREMER 2R L RIR E STMS O0ICHE T 2 S XifiEt ' e &
HrHiiEE OHBER R 225 B, O 2 ZR 23 2 & T, SHAMER
DATHHEBENVEFEEZHATEL e EIONS.
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E5E 2WPREE

AWFFE T, BEREASEZEEIBEA O 10 Mofl#EE STM 24t L, K7z STMS
DA L CEXRMEIREZ KD, EXMEI R & & EH e, EENEZEED
Bz KDz, FERLD, EE - RE L BRNEZEHEIE <, BEHbTEE
OHFTI/RD 7 7F A HENRE 2o T2, T2, DHICBIT 2 2D — 27 DM
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