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In many years, there have been serious disasters as typhoon and earthquake. These
disasters cause serious damage. In such cases, evacuation behavior is very important.
Further, the call for emergency evacuation is the main way in evacuation behavior. These
calls are important to protect everyone ' s safety. This is because about 80% of the
people who heard the evacuation calls felt the necessity of evacuation. Nevertheless, the
emergency evacuation calls often do not catch because there are many information such as
when the disaster occurred. In fact, there are reports that only 56% of the people are able
to clearly grasp the evacuation warnings from emergency broadcast system. Therefore,
evacuation warnings must be made more prominent. It is necessary to improve salience
of those calls to be able to hear them more clearly. The noticeable sound is said to
be discomfort sound. Accordingly, it is effective to increase discomfort of the sound
in order to make the calls salient. However, discomfort sound has not been quantified
at present. Thus, studying discomfort sounds is challenging. If characteristics of the
discomfort sounds are clearly known, salient sounds could be designed.

In previous studies, Aures proposed a scale for ‘ comfort’ using sound quality indices.
The sound quality indices are index that associates psychological quantity with physi-
cal quantity according to human perception using psychoacoustic technology. Loudness,
sharpness, roughness, tonality, etc. are present in this index. Watanabe et al. introduced
that discomfort in tactile sense is closely related to phrases representing and roughness
sharpness. From these studies, roughness and sharpness of sound quality indices seems
to be related to sound discomfort. However, ‘comfort’ is on the opposite direction of
discomfort. Additionally, there are differences between touch and hearing. Thus, if we
pay attention to the discomfort of sound, we must think from another point of view. In
the present situation, relationships between discomfort sounds and acoustic features in
sense of hearing are still not clear. Therefore, it is necessary to discuss physical correlates
of discomfort sounds. Moreover, it is required to clarify what kind of physical quantity
is related to sound discomfort. To answer the above question, we investigate correlations
between degrees of discomfort sounds and acoustic features. However, discomfort sound
has not been quantified. Therefore, it is necessary to know what type of sounds discomfort
and the degree of discomfort of those sounds are. Hence listening test is carried out to
collect scores for discomfort from sounds.

The system of listening test is constructed with a Windows-based PC, audio interface
(Fireface UCX), headphone amplifier (STAX SRM-1/MK-2), and headphone (STAX SR-
404). The experiment is conducted in a soundproof room. 25 types of sounds are used as
stimuli. All these stimuli sounds are electronic sounds. Also included are railroad crossing



sounds and birdcall. Duration time of all stimuli was 5 seconds. Sampling frequency
was 44.1 kHz. The average sound pressure level was 60 dB. The stimuli used for these
experiments were actual warning sounds produced by Schneider Electric Japan Holdings
Ltd. There is a previous study that frequency characteristics and time variation are related
to sound discomfort. Therefore, we focused on these physical features. In order to study
correlations between degrees of discomfort and features, we extract centroid, skewness and
kurtosis of the modulation spectra and long-term amplitude spectra. Participants were
seven male and seven female Japanese listeners in their twenties with normal hearing
ability. here are sounds whose impressions change depending on the country. Hence, all
the subjects are Japanese. In the experiment, participants were asked to listen to stimuli
to score degrees of discomfort (not dis-comfort (0) - very discomfort (3)). One session
includes 25 stimuli and 5 sections were presented to the participants. The evaluated values
were averaged, and the extent of discomfort of the stimulation sound was calculated. The
minimum value of the value is 0.543, and the maximum value is 2.314.

Using pearson product-moment correlation coefficient, correlation coefficient between
the discomfort of the sound and the physical quantity was calculated. The correlation
coefficient about centroid of the long-term spectra vs degrees of discomfort is 0.59. There-
fore, it can be said that there is a positive correlation. The correlation coefficient about
skewness of the long-term spectra vs degrees of discomfort is -0.56. Therefore, it can be
said that there is a negative correlation. The correlation coefficient about kurtosis of the
long-term spectra vs degrees of discomfort is -0.41. Therefore, it can be said that there is
a low negative correlation. The correlation coefficient about centroid of the modulation
spectra vs degrees of discomfort is -0.48. Therefore, it can be said that there is a low
negative correlation. The correlation coefficient about skewness of the modulation spectra
vs degrees of discomfort is 0.45. Therefore, it can be said that there is a low positive cor-
relation. The correlation coefficient about kurtosis of the modulation spectra vs degrees
of discomfort is 0.42. Therefore, it can be said that there is a low positive correlation.

From this result, it can be said that the sound concentrating at the high frequency com-
ponent position and the sound concentrated at the low modulation frequency component
are unpleasant. In other words, it feels unpleasant sounds that feel shrill and feel slowly
fluctuating.

In order to clarify the physical characteristics of discomfort sounds, correlations between
the evaluation values of discomfort obtained by the listening experiment and the estimated
physical features were investigated. As a result, it was found that deviation of the spectra
considered to be discomfort if the higher. The result of this research is considered to help
research that considers the remarkable sound from physical properties.
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No.11 EEYE N1y - v - Yy (AR E W 4.386
No.12 || EVvRVF ErR—r (AHBEWF v 1 L35F) 2.034
No.13 TH— Wi €— - E— - E— 4.399
No.14 BT TVILIL (EEBDMEN) 4.421
No.l5 | EdRF EVRy U RY (RAEPEWF ¥ 1 L5) | 4.386
No.16 oS50 vavg Ix—v T —V 5.321
No.17 A UR—=—KXE Paytay ay 3.764
No.18 Y995 ¥I5¥55797 1.153
No.19 BRENIVE RTTV - RTT YV 0.944
No.20 CVRVYNVRYVE EVRVYNVERY 2.649
No.21 HITE Ry - Ry - RYv 4.252
No.22 RUNRRE RFTTTT7—7 2.664
No.23 HwaA—F HvaA— - Hva— 1.434
No.24 T4 AGE R—RTF a3 2.167
No.25 WS v A vy (AN G 4.130
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48 PR EYEE & ORERME

\
JdiT

ARX Y EORBREZER U A 7-0121%, FLMEZRTERNLRME2195 Z L HAEE
WZioTLBEEZO6NE. ZTDEOHIZIFED LS R AEEZFHVNIEI VDS S M.
et FIZBWTE 7Y v OBEEMEGRE, Wb SR E WS EIEIFEEL T
5. 222007 —XOEMRNLEREZRTEETHD, CORERKBLTVWENE
W BIR AR EE A2 BUEL L2 D TH D, Lo T, MrX YR EOMBEREE RD B Z
LItk y, A eYMHEORBRENRRATIS2LEZLNS.

4.1 YEBEOFEAE

MBI 2 BT S ENCREE O EZ RO 5. ROLZYHEZ, AT MLVOE
- EBE - RELEFART MVOEDND - EE - RED6DOTH 5.

9, BFART MVIEMLRDO LS IZEIH ULz, £90DEF%2s(t) 2 LT, RU—=T
YRA—=TTHD A(t) & (4.1) K bRkd7z [23]. TDHKk, BHFHARY ML%E (4.2) LK
7z [24].

e*(t) = LPF(|x(t) + j » Hilbert(z(t))|?) (4.1)
E(fm) = |DFT((t))l (4.2)
Z Z°C, Hilbert iZe I ~)V NEH:, LPF Ay b A 7 JEEEA 64Hz THDHH—/8 A7 1
VR, DFET \JBER T — ) T2,  f, 3ZFFEEETH 5.
AT MVOEMIATDO XS IZFE LU 7.
ampl_v(x)

H= /freqv(x) ' > ampl_v(x)

ZIZT, frequ(z) FARZ MIVORAEE, amplev(x) FAXZ MVOIRIETH 5.
ANRY MIVOEEIFATO &L S IZEFHE U 7.
ampl_v(z)

ms = /(freqv(x) — ) >, amplv(z)

ZZT, plE i TROEZART MIVELOMETH 5.
AR MVOREIILARD XS IZEHE L 7-.

mi= [Ureao) - )

(4.3)

dx (4.4)

ampl_v(x)

. >, amplu(x)

dx (4.5)
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4.2 HHEEOELEAE

MBIREUILAT DR (4.6) ITT —XZ2RATHI e TRDONS. ZOXNETZDDT—
R DLW E &< DIFEREDETE > 72HDTH 5.

N i1 (As — pa) (B — pi)
V il (A >k¢%2£ﬂﬁ—ﬂw%

::ﬁ,Nu?—&wﬁﬁ,Aﬁ%@%ﬁf*bt?&é@@ﬁ’%?é?—&,Bﬁ%
RU-E42DOYHEIZETAT— X, u 13FY, o 3EHEFETHS.
FBEBREIZ-1 25+ 1 FTOfEZR LD, -LITEWEERWEAOHELRH 2 & Sh, i
IEWIEERWIEOMBER D L L INT WS, 72, 0ITEWVZEHED 2w X
T3 [25].

(4.6)

4.3 FENTHER

ARE L BRFARY MVOELOBBRZR 4112, AR & ERHAXSZ MVOEE
DOERZK 4212, PRI & ERMARYZ MVOREDOREGRZK 4.312, AR &2 A
R NVOELDEBREN 4412, FRIEEFART MVOEEOBBZBERX 4512, R
M EBFART MIVOREDOEGRE M 4.6 12R7.

X 4.11%, M2 RRRI AR MVOEMIIST 2 EEETH O, BEHIERTES
NEARSDOREDMETHS. ZOXIZERHTL L, PRI DMEIEZ TV IZDONER
AT MVOEMIFIET BEBEEPRKRELS BTV Z 2 bhrd., 2D ehs,
A2 FIZ BRI AR MVOEMINIGT 5 BB m_t#b#é R A~
FVOEDNMIIET 2 EEEREWE WS Z X, XU —2EHICHF->Twbde w52k
TH5. £/, HEBREIZ059THY, EOHERHZ L WA S, X4.21%, HfrERE
AR MVOEETH D, BITIERTHEONZARIOREDETHS. ZORIZE
HT2&, PRI OMEPEZ TV IZONERARS MVOEENNI K BoTWL Z
LD, TDIEDNS, MRRFIZARY MLVDEBEINI L LD 0D b
5. RIGEART MIVOEENNE LD 05 Z21E, ART MVODAEDORENLEMIZ
fRoTCWVWbde WS Z&Thd. £7-, HERKIZ-056 THY, ADHENHE L \NVZ 5.
X 4.31%, MDA EREARZ MLORETH Y, BEHIERTESNZARI DFEED
ETHD. ZOXIZEETSE, FREDMEIHEZ TWIZONERBARY MVORE
DINEL Lo TV ZeDbhd., ZDOZens, RFREFIXART MILDOREID/NE L
BAHEWS bbb, EREARZ MIVOREPNILREZLEWD T LIX, ARZ b
VDDBHEDEPEL o TWDEWS Z e ThHd. /-, HBEREIZ-041THD, &AD
MR H B E\NWZ B, K441, HEEHPAEFAARS MVOELTH D, HIZERTHES
NEARIOREOMETHL. ZOXKIZEHTS L, ARIOMEVPEZTVWITONE
FAART MVOEMIFIST B REPEEDINES K o TV Z2Bbnd. ZDIZens,
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ARIZEIZEFART SV OEMITIGT 2 FBEBAMRNZ b sb. ZBHART b
DEMIHIET B HBEBEIMENE VD Z 2L, N7 —MERIZF->TVWBE NS Z L TH
5. F7z, MBIREIZ-048ThH Y, AOMENRH B L WA 5. K451k, MEAZTHA R
I NVOEETH D, BEITERTHEONZAIRIDREDETHE. ZORIZEHT S
&, RRIDMEPEA TV ONEFHART PIVDOEENKRE L Ro>TWL Z ehibh
5. ZDIZENS, PMEREEZEFART MVDEENPKRELRDE LWV Db N5.
BIART MVOEENRKREL BNV Z i, BiFART MVOSHEOHEI AN
fioTWBEWSZ e Thb. £z, MHEBERKIZ045THY, EOHENRDHZ L WVWAS.
504.6 13, HEEHLTANT PVORETHY, Kl i;@%ﬁrﬁéem_ SHRE OFEE O
ThHod. ZOMIZEHT S L, T‘H&é@@#iﬁﬂszw TONEFH AR NILDREMNK
EL BTV ZEDbRD. 2D ehs, Rk iXAﬁb»@mﬁbﬁ%<aé
8P5Ztﬁb#é.E%ZA&bwme#mé<métngt ¥, BIA~T MV
DRFHDOENEL B> TVWDIEWVWS T THD. F7-, HBFREIZ038THD, EDOH
BB VR 5.

ARZ L 6 DO EOHBICEET 2T REFR 41T LD, ThoDFER® S,
EHEA X2 MVOEIMIIEOMEBED, EBE - REIZEOMEED, ZFART MILVOEDN
FEOMBE, EBE - REFEOHBENRDZ VWS 2 ahor:.

4.4 ER

fEFTRE RN S, PR L ERMIARYZ MVOEMIIED, AR & ERMARZ MLD
BE - REZEOMENRDZ L VWD Z L EARI EEPFARY MVOEMIAD, AR
ERREART MVOEE - REIZEOHBELEH L L \WD Zeingholz. 2O ens
AN D DL, FEEBRD D ENLEICEF LTI ERPP - D & UEHEZ KL

TRRREEE SN NS THD.

JEEEE A DI E LB IZEF U TV B FIE—RIICHE WL REINE Z 0L, &
BRIz B2 Yy — T2 AL BBRIEN. LoT, ARG FL VWO BDIEYy—7
ixa%%ﬁ%étw25®@u&m#.ﬁ%m%ﬁﬁ&a@be5@miﬁf%éo

. FAMTRMER AR I I NS TH D EEZT-. HEVWZFEWS HEDIEEN»SHEL Z
a®&m , WHhWBEZLIND I ENE N, 2D LSBT HHE SNSRI ERED
B LT, DEDVEEFEBTHLEZOND. ZOLS BHEEBTIHALIHSDHIZIE
IB2WVWHZehEZONS. £oT, BMizEL DTV,

Wo e UEEEN&ZKL 551, SEIMMEECBITS 28K ORKETHS 7
F0Far—varyA ML YT 20 LEBRPEN. XoT, ARAFELEVWSIHDIET
FOFaT—YavA LY T RALBEBREDDLEVWZ DT WA, UL TH S
Ry ) HIZ X BEGOWFEICENT, HEIMEEETH D, RWEHEEK, DX oI O
RETHZ 77 XAEARI LERED L L INT VD [27). REARMFE TR VEH)E
TR Do D E UAEEBEFRED HDBFEWEIKL oN-Oh e WO HEHE2E X 5 L, FEER
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AU 2R I BN} D B e B2 oD, RIFFETH LU 72 RIS 1XER D R —

ML & REREHREMELRILIBREREENT VWS, IoT, TDHRDA A—=JIZ
BlolEoN, ZEWIEDIEZFDAA=ITHRRNPE S REHBLTLE 722\ AJRE
MWD 5., EBIZ, EBRBEOL TV VB WTEROHTHEELRNTWEETHDLDT
ARTIFRVWE VWS ZERY, BORIEREVHRARIZEELTWAEDIITTHSHDIT
ﬂﬁ%ﬁ%%%@%é@f%@%iaiﬂ@%%iéawo#@me%ﬁt@U#aw
IRBAMBEEL., £/, MEE ORI 2ZAZ57-DIZHEXE 2 AL Z & & R

WZHEREZ-OTIRRWhrEEZIOND.

4.1 A OREEE & Y E & OE DO HBIRE

’ H correlation coefficient ‘

EU 0.59
FERMARY bV | BE -0.56
REE -0.41
E=UIN -0.48
BHART MV | BE 0.45
RE 0.38
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Spectral Skewness
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Spectral Kurtosis
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Modulation spectral Centroid
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Modulation spectral Skewness
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Modulation spectral Kurtosis
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3ETIE, FRTIRERMINTE ST, TOREZ2BUE(LT 2 Z L IIN#ETHLED
AR DOFEEE, EBFHMEZT5 222X 0BUE/ Lz, 43 TlE, 3ETHEHLAZED
AR DOEEELEHTIVHEETHDARY MIVOED - BJE - RELEFHARZ MLD
HD - BE - REOHBEMREEENL, HE2EETLI L TAE L YHiE L OFFRNE%E
o7,

ZTOFER, PHRX L ERMARY MLVOEMIED, A& ERMARZ MLVOE
B REIZAOHERD D, NI EEFHARY NVOEHELD - BE - REIFHENIZE A
Elahol-b WS Zehbholz, HENRHZ WS Z &id, EMRNRERELRD S 2
S22 THbB. £oT, AR eYMEIFFEMRLTWS.

FINODRERNS, AT MVEBRVPEIZH->TWaE, 20, FREEERS S
WAMBIZEF LU TWEERRRE LU L2 WS ZERNVZIETHA . ENITEEHA
R MVIBIRDPEIZ > TWEE, 20, Do D & UAZENEDN D 5 E AT L&
L2Z2WVWSZENRNVWZETHAD.
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N
i

ail

6EZ &

ANl
JdiT

6.1 AHETHALNMIR>I=T &

AWFFETIE, R G ZOYBEIZEBREHENEI DL VWI ZE2HSIIZT S
WS ZEEHMELTWS., ZTD7HIZ, ERAEINTVWRVWEDORNRI DFEE %, B
WEREITS Z e cE/lLL, BHLUZYHEEEOMEE2 L D, Rt 52 & CTHERESR
Bol-. TOME, MR EYHEBRBERLTVWS E WS 2300 - 7. BARKIZER
LTWaAYHE X, ERFEARY MUVZBITHED - BE - RELEFHART MVIZEIT
LELEBE-RETHE. INSOFFRMELS, RBEBES P EWNAEICERTL TS
H, DEDHEWERIEI NG FXOLHE B S DMENIEICEFRLTWEE, DFD
Do DEUEEHKEZRUDERARTHLLE NS ZENRNVRS.

AR TS DN o 78R L, BEEMO S WEEFESEO TV > O&E0—8
2B 721 Tl K, BEEPemMEsR O fEOM EIZEHEL DD TIER WAL EZT
W5,

6.2 SERODRE
SHBOMEE LTI,
o NG DY v TV % BXD$

BURTIEY v INVEBDI D7 EC, FROMIZANEDHENR HTLE S 2 LS
END. £oT, J0EZELOHEHE2MTTI2LEN DL EEFEZOND.

o IANRY NV EFIENEIL -5 X THN 21T
AR TIE, BEIEE T 2IToTW5S. ko T, wENE 2175725 2 CHEZ A
H3 270612 OFZE & FIREOFERIZR S L IXR S 7.

o HlOWHEIZEHT

AW TIX, AR NV EREZEEFNZ R hb O R 5, EREARY MUVIZEBIT5ED -
B - RELEFART MVIZBITHED - BE - REIZODWTHEL . 722, Y&
L DEELEDH D I RTEMETETVWEDIT TRV, IoTEAOYHEIZEH
U, AMrxDBBEEZEHES> TOWSBRELRHLLEEZONS.
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FEE e UTHA L Z2EFEOMTRTOMIE 2K 6.20 25X 6.25 (29, ZORIE, #i
il DS PRI C R IZ RS (D) Td 5. F7z, FA—KX EICZ OEFOAKMREFIE L 7=,

4 6.26 55X 6.50 (21X, % DREEFDART MVERT. 2O, Hlih sw —
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