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Abstract

Maintenance and inspection work is essential for the safe operation of machine in
factories. This work is usually carried out by machine maintenance technicians, but
there are various problems such as ensuring safety and maintaining costs. In order
to solve these problems, technology for anomaly detection is being developed.This
technology generally consists of feature extraction and detectors. In particular, for
sound-based anomaly detection, emphasis has been placed on the development of
highly accurate detectors using machine learning. However, in order to establish an
anomaly detection method with higher performance than existing techniques, it is
necessary to examine what acoustic features and perceptual factors are important
for anomaly detection.

A sound consists of three attributes: loudness, pitch, and timbre, which repre-
sent the three aspects of sound as an auditory impression. Unlike loudness and
pitch, the psychological properties of timbre are expressed in a multidimensional
manner and are complex. The problem of difficulty in anomaly sound detection
may be due to the fact that only skilled technicians can identify the acoustic
features and perceptual factors that are important for anomalous sound detection.

The purpose of this study is to clarify whether the evaluation index related to
timbre is important for anomaly sound detection. In this study, Timbral Attribute
used to investigate this issue. A timbre attribute is an adjective that describes the
characteristics of a timbre, and is an index that is associated with the psychological
quantity of a person’s perception of sound. In this study, skilled engineers is
considered that they rely on the complex differences in timbre between normal
and abnormal sounds to judge abnormalities, and investigate which of the Timbral
Attributes are important in anomaly sound detection.

The dataset of ToyADMOS and MIMII is used in this paper. ToyADMOS is
a dataset created by NT'T Media Intelligence Laboratory and designed to detect
abnormal machine operation sounds. It contains normal and abnormal sounds for
three types of toys. In this study, the ToyTrain is used, which is data for model
trains. The MIMII dataset was used in DCASE together with ToyADMOS, and
is an industrial equipment sound dataset for anomaly sound detection.

The proposed method consists of a feature extraction part and a detector. In
the feature extraction part, eight timbral attribute are calculated using Timbral
models. For each of the eight calculated values, all combinations (255 possible
combinations) are extracted and input to the ditector. In the detector, a support
vector machine is used to detect between normal and abnormal.

In the study on ToyADMOS, the purpose is the timbre attribute can be used for
anomaly sound detection using a simple detector such as threshold judgment by
Receiver Operatorating Characteristic curve. In addition, the effectiveness of the



proposed method is clarified by comparing the proposed method with the afore-
mentioned results. In addition, the results of the proposed method is compared
with the results of Mizuno’s research to clarify whether the timbre attribute can
be used for anomaly sound detection as well as the sound quality metrics.

In the study on the MIMII dataset, the purpose is the proposed method is
effective for industrial equipment, instead of the toy failure sound used in the
ToyADMOS study. In order to evaluate the effectiveness of the proposed method,
we compared it with Baseline, which uses log-Mel-spectrograms as features. All
the sound data in the MIMII dataset was used for the evaluation.

The results for the study on the ToyADMOS, Brighness and Sharpness showed
the difference between normal and abnormal sounds except for one abnormal
sound. The proposed method was able to detect all the normal and abnormal
sounds.

Thre results for the study on the MIMII dataset, the proposed method was
found to be more effective than the log-mel-spectrogram for all the individuals in
the Valve and some of the individuals in the Pump and Slide rail.

By using Timbral attribute as a feature, high identification accuracy was achieved.
Through the two studies, it is found that Brightness was the most frequently used
evaluation metric in the proposed method. This indicates that Brightness is the
most important of the timbral attributes. In addition, the number of dimensions
of the features used in the proposed method is eight at most. From this, it is
concluded that the timbral attribute represents the difference between normal and
abnormal in some models better than other features that use a huge number of
dimensions.
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1.1 FLC®IC

ANDEDEDIZIZFEIC, BHECEL, HOECHYOREF LR YD W 3 ED
BFELTWS., AL ORFERERIE, NOEELENICTE. £/2, HOEH
BEPNDEREZFNTEBREZTFHI LD, BROERAADHET 2 EEE ZEWL
TREORNRZIRE LD TES. ZOXHCANBGHERICLE->T, HNUE T H
TR, ZOFEZWO B ERELREOI ZTIERERE2I AN THEHD
KR EZHERE L TW3.

NDOBEHEEZFTEMIC X > THER T2 e 2 HIE TS BT L LT, Bk
HEND 5 [1]. HREHRELIE, TEEBICESVTZOLORNZES 23
BeDZeTHh, TROITHEEAM Z DI ED ST W5 2. HERE
HFETIX, BHEICRS T, BRCRESREDSW S E LM - 555 2 Fific
DWTDFRED ELAITOLRTWS. FlZIX, SOEL IS 5 X 5 afdf
WEEEA XY o, BFOREZ DS 2 X 5 REMMIEFES — >0 L X
N3 (1. BEEY—> X, GRS NIZRNHAT, BECWw 2 AN07EIR Y
DFERDODZILTHS. T, BEARVILEEES -V IV, B
HOZLTh?., SEARVD - FBEL—UERHATZ-2006 1 LT, RED
BBk EINE 2T 5. 205G, it LTSRN RBEER D EE
=BT, F—KR-FOITRECFEDNYOHEZREDEE AL RV M
H7z5.

FEARY D - B —Uothicid, N\BoOAEBZEZHWTEKHKTE74 7
nz (3] %, HolbOEEINELEHOMRECHILELZHINE LEHRS X7
L [4], EEAOCTERERLHIICED 22 2GR Z BV L2RSED 2
7 L [5], BUERERBADHEIX J(TE. 6] 2 Y, HARIERGIVD 5. EHBIO—
DI, BEPOLZDHERNRZDDDDEFEZHINT 2, BREERNIPD 5. BE
BRAOBHNR e LT, #iH (7] B [8,9], EXARISROBET [10-12]
REDPD T oM D, FHIEFEREIRINS 2 BEEBRANCOWTIE, BEL K
BRTOBENC X 2~ 7 7 L08R SER R R 2 L WO THAERDI D
D, BWEXEEZ 2 FTEEHRIATHS.



1.2 WEES

T35 DR 2 22 228 LT 3121%, 1R5F « mREEDRRERARTH
5. ZOEER, @, EMLomiRetme L (13 50X 5B EHFT A
Y, ABOFEMEDTICE > TIThILT W5, PBHEME L, BEHEkmEIHE
LNAZEDOPTPREVEHE TSN TE, BEEZHKLTHS [14]. AD
HAEOFTHIERIC X 2 BERAAREIZ Vs s, BHEIC X 2 BEERAZ
R5F « HBEEICBOWTEHEHETH L Z bbb,

LL, NDFTZDIIRIEERZITHOHAWEMESRD H S, HlZIX, THT
B L T 2 MER IR O R O NS I K 2BEESE (150D 5. BERE
T, HEMiERLTOEECERIEIN, BRIEERITARVWI LD 5.
FEEE X NG 2 E BEOREDELRONS Z b, REDOSE, BE
HHEZRIELTCLES 2D 5. BEICLSZ A NEANDHBIIHKTHD, I
INZHTT BREF 2T TR ZOMOEREREICH T 2B H 5 e MEINLTWL
% [16]. F7z, EE% T 212H 7> TEIMERIHISIED K 2 nNE L, MR
MTERVWEWHRED H S, ficd, ML AREREEL D L 5 itz
B2 \MEREHT 23R MOHERPHLLI &, ABMEME OBRKRENTE
LTWZehy, IFXERMEEIBZTFOLNS.

INSDOMERRERT 272D ABICE o TR 2, HE#Z W EEIREE
MEIFAR DRI ITONT VS, BEIREBRAI L 1E, MR 2 DDODPERRIR
REICH DD, HBEWTEEIRIEICH 2 DHh 2 HM L TR 2oz 2T
H5. OB, —MIZ, FHERmE e Ehlds TR 5.

FHZ, BZ20Re LEEREMRN (BRESHRA) T, SmEE ik 2a8
ERRABOBBICERDPBINTWS. LArL, BESHRINZ T 3ECE, Xt
RETIEORBHEBRTIDENHZEZONS. HEIREX, 5%, 50
D3 EENPSED, TALIIFERNHIRE LT F) 635 3o0flH %%
T [17]. Z2OHTHEEIFFOLENLEEIE, HORZIIPEILIFERDZ
R TH D, EHERHEE LS. BESHRANH L WEEIZ, EFELRES
DEMERSOOENE, AEEMEC L LB E ST oA nwE WS Z 2 ICERT
2rEZbN%. ZZTARMETIE, #lds & D DREHMEICER L, HM
ST ARENRDH B EZT-.

1.3 ®EXEH

AuFED BHZ, BEEIZHRO 2FHETEES BEERINCB W TEHEDL ZH 5 5
228 TH5. 2 TAMIETE, HtaEME (Timbral Attribute: TA [18]) %
HOWTHRE 2175, 5tEte i3, SOz EAAE TR L DTHD, &
WS 2 NODHB RS DOEIN D BEETH 5. AW TIE, RABEM#H IXIE



HELEEEOEMELSOOEVWEE)ICEEZH LW EZ, St
DIHIBHEED LD BIBENEREERIANIB O TEEIL R T 5.

1.4 EXIER
R 7TETHER XN, K11 RGOSR Z RS,
F1E

HEARY L - BEY - hOo—D2TH 5, REFBRMONIZEE 7 & MR
ZHRS. ZD LT, AWIFROHMNIIOWTENRT 2.

F25
BEEERAOBEIIZICOWTRRS,. 22T, HEA RV - FEBY—
IO RT 42 a>Tdhb DCASE OMESS, AKETHWS TF—Xt Y
FOFIAZIT Y. 72, BEEEMBANCE T 21RO E AT 5.

E3F

AR TERHOMINICER L, S6ICHRO 2 FHEfEEIRESHRANCHE N T
BEPEHSPITT S, 22T, 1EROMFETHOW LN T ELHFEREPL, A0t
FHTHW R EEEHEICED KRHIZOWTIARS.

F4E

AL DIRBIFICOWTIAN S, FRRIEE, TERIE &[RRI EE & skl
ORI LS. R TH W 2R ER & GBI IC OV TRz H &, 2R
FEoaryt RS,
EHE

BH B2 OWEZINGRX Nz, ToyADMOS OF— &+t v MW 25 217
5. BEMEICRI2EES X CREED, BbEOWEFIIN L TEMI»E S
DR 5.

E6E

HEMEICRZIEES X CRRIEDY, EBROEEAKSEO T — 22 HW=5E
WHEMPE D EMETT 5. 22T, EXHAKIESOEREZINGE X =, MIMII
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FE28 FEERAZE

2.1 DCASE
2.1.1 =

DCASE (Detection and Classification of Acoustic Scenes and Events) & &,
IEEE AASP TC (IEEE Audio and Acoustic Signal Processing Technical Com-
mittee) DRIRT D, BEA RV b - FEL - VOB TRRKOEREa >R
T43aYThb. DCASETEZNHICbOo 2 A7 PHABEINTED, Zh
PNTHAREEEHS. ZAT7DIED1DOTH task2 TlX, EEDFEW % IR
LT, ZNoDOEMENIER»RELZHAT 5, BEEMADOXR 7 BHE
INTWz [19). BEEIT —& & U ThkA RSO IEH & O A% FWV 2 #ifilize L
BERITHDRAIZTHY, KHT—REeRBRHIEFEE « BEE IS 25858055
bz,

KA SNz 7— &%, ToyADMOS [20] iZUEk E 17z ToyCar, ToyCon-
veyor D 2 fE ) MIMII 7—&t v b [21] IZIXEFE 17z Fan, Pump, Slide rail,
Valve D 4 FHDGFH 6 FHTH 5. ToyADMOS 1B b B EMRE U CIER & - BE
Bk L7z7—&ty b TH DMz AR OH 2JH TR S, MIMII 7 —
Xty MIEXRARGREZNRE LTIERE - BEHEE2DMER LT -2ty FTHD,
FE 7Bt REI DS 3TH TN % . DCASE THW Sz 7 — &1 ToyADMOS
£ MIMI 7 =&ty b O—ETHRINTNS.

DCASE2020 TIER—RAF A4 Y ETFTAHBHEINTED, FEEIITNEA LR
RZ +aTT LR, HHEEA — by a—-Z2 V5072, DCASE2020task?
TR D mWBHITEREZ /R L 72 Ritwik & ORE [22] T, Fi#E L LT Baseline
CRIC AN ZARY v a7 g a2 H0T0. #iilde LTHW A — b
aA—X O N ZREIERI M AR L, MR ZHWiERMHEER (Masked
Autoencoder for Distribution Estimation) & MobileNetV2 ZH\W/=HI&H D
FEEHCTREER 2T, £, 2LOMETHEBE L L THEXA LR
X7 varI ahHvsRATW .



2.1.2 ToyADMOS

DCASE Tff a7 — X D—>TH 2% ToyADMOS I&, NTT XF 4 74 >~
TV Y AMEMHBMER L7z, BWHERIEE (ADMOS) OREZME T 279
W I KT — &2 v FTHB. ToyADMOS i12i%, ToyCar (HEIE) ,
ToyConveyor (2 >~X7), ToyTrain (BlIH) O 3EEDOEH H » DIEH T & k&
S L TEHESEBROEFEELINER I N TV S, ToyCar [ ZH DML, Toy-
Conveyor (I [EEFI D HEFZHT, ToyTrain IXBEIFE D IFEZZH %2 M 7E L TUER
INTWVW3

ToyCar IZIZ I =PUER E MEEN 2 B B BFHENTED, 2HOE—X L 2
FOR7 Y Y IPHEINTWS., T—XDOENEIRZ DX 7 DOWERRY by
7 FDOEAIZREEBDOEREDFRMEDPHRESNT WS, ToyConveyor 1Z 3 DB H
H55DAYRTHFHAINTED, aoR7NL FDOBEAPLEYDEAKRE DR
WOEMPHREZINTWS., ToyTrain IXFCHHEM & REHHMG» 5K 2835 2D
FIESFA XN TE D, HigOBIELIRIE D IEEKE R DLl EOSEMIHRE S h
TW53.

TARTOEMIIN L TPEREI N TV ST —XIZiF 2D b, B OBGIRE &
KT IERIDERE ENTW 5 Individual (IND) ¥, M 2Rk L CEMEX /27—
& %] D B> 7z Continuous (CNT) 2SHE I TWAS. ToyADMOS 121, #7540
R DIEHEE L, 12,000 A LORFEEHEDO T —ZNEENT WS, 7V TR
BUZA8kHz TH Y, 40D~ A Z7EZHOVTIEREINT WS, £ 2.112 ToyADMOS
7T—Xt vy b OB ERE T

SHOBWRNED LI RBFTHENERTARY ar I 0% 2.11RT.
WIED 40 S VDN VBT, A74 FIEX20 2 VL TARI v 0T T
L% RDT.



# 2.1: ToyADMOS D#EK [20]

Sound ToyCar ToyConveyor ToyTrain
IND normal sounds 1,350 samples 1,800 samples 1,350 samples
CNT normal sounds ~ 150 samples at least 124 samples 74 samples
IND anomalous sounds ~ 250 samples 355 samples 270 samples
CNT anomalous sounds 72 samples 72 samples 72 samples




%104

Frequency [Hz]

Frequency [Hz]

_ : . . o
Time [s]

2.1: ToyTrain D AR t0 77 50H] (LIEEHE, T

Power [dB]

Power [dB]



2.1.3 MIMIIF—4&2tv k

ToyADMOS ¥ [[A#i2 DCASE THEH XNz 7 =2 D—>2>TH % MIMII 7 — X
v ME, HIZBUWEMMMER L7z, BEERAIAOEEMSRE T — Xty M TH
. MIMII 7—&ty N34 —T T =Xty s ThHDH, HREE L E50HDa
2T WX BHEREOMAEXXEHNE LTI TWS. MIMIL 7—
Xty M2, F6BOEIKOE T —XBGRINTED, BEFEHAT—22 LT
Fan, Pump, Slide rail, valve ® 4 A RNAZINA TV S.. 2.2 MIMII 7 — X
vy FOMFEHAT - X OFMREREZ TS, Fanl3EFXH 7 7 v 2RLTED, T
BN DA R D2V EED 7z E R TWA. Pump &7 —
A BIKERAL, BOKEEHGINITO RS I TH5S. Slide rail tZ, BEIT 2
TN T A —LEBENSRDZATA RIRATLERLTVWET. ValveldV L/
4 FOZRWHEZED R T AL THHVSLATWS., I X - TEIFIRES
FobD, Flzh0WbDOWFHEL, ZNZThOEMIE DR ER > T\ 5.

MIMIT 7 — &t v MZiE, 4EEOEMOIEFER L REROBRBE IR E N
T3, BEOFMHFIBEI L ICRESINTED, EYORARL —LOHEEKR
Y, XFEIEREENIEGENTVAS. MIMII F—&t v MBI 2 S ik
DR 2.31TRT. ZHODERFEDFMIIHAFETE I D 5 2MfE2IHE L THRE
LTH5.

F—XEty NISED~A 7 uaRky ok 2MAED~YL 70Ky 7L ATHS
TAMAGO-03 %4 ZZHWTINEZITWS. A4 7Ky 7L A4 13D 5 50cm
OV 7 DEE1E 10cm) OHEFICEWTIEREI N TWVWS. T—XEEEZITRTI10H
T, Y7V U FREFEEIZ 16,000 Hz TH 5. 4FHOEBRBEDE S BETH S0
ERITARY buZ 7 2061%K 221233, ToyADMOS Ol & Ak, ZHiEH
40 SVRPDANI VBT, R4 FEP 203V LTARIZ b a%EkK
D7z,

10



£ 2.2: MIMII 7— &+t v + DK

Machine ID Normal Anomalous Samp.Freq. [Hz] Duration [s]
00 1,011 407 16,000 10
Fan 02 1,016 359 16,000 10
04 1,033 348 16,000 10
06 1,015 361 16,000 10
00 1,006 143 16,000 10
02 1,005 111 16,000 10
Pump
04 702 100 16,000 10
06 1,036 102 16,000 10
00 991 119 16,000 10
) . 02 708 120 16,000 10
Slide rail
04 1,000 120 16,000 10
06 992 120 16,000 10
00 1,068 356 16,000 10
02 1,068 267 16,000 10
Valve
04 534 178 16,000 10
06 534 89 16,000 10

11



# 2.3: MIMII 57— &+t v + OEONE & B DM

FAE BIEONE B DKM
N EENE,
Fan NS iR EEZAL,
FHED, etc.
KA,

Pump 7= 5 DIKDOWA & K BYDIEN,
HEE D, ete.

L — U815,
Slide rail 274 RO#EDIRL ~JL b DFREA,

EETMAE, etc.

Valve FOFAADE VIR L 2 FEEELL E o BYIRA

12
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-100
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20
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-100
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20
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-100
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B 2.2: MIMII F—&t v DAY a5 s0f] ((a-1,2) :Fan DIEHR - B
H, (b-1,2) :Pump DIEH - BEH, (c-1,2) :Slide rail D1EH - BEH, (d-1,2) :Valve
DIEH - ZHE)
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2.2 EBRSRHMOHAZE

BIfEECIT, BESEMRIANCE T 28R, ZHMEINTVS. BEEMR
HMoOEMEE LT, BEEHRORERINEDNRNER Z Lra%¥IFohs. Z0OM
AZ RS 272012, ERBEDADRKERT —XZHWT, EMFEEICXDIER
BORMZYE T 5 2 e TRESHRA L ERT 2MEIHE L TWS [10,23].
RERR & DERIEFE % W BE SRR OMSE [10] TIX, AXZ Ma 2T L 2R
B LT, BUOKRYT, 3D 7V & FKRY AT L TEESHRAIZAIREL L
7o, TERDOWZLTIE, KE S DT [23] TIX, iz LOBREERANCBWTX
CHWONE A=y a—XPHZ 2MEICOWTOMEIBThI. A —
ITYa—RBIEFEEZHERT 2 LH5FHF 2TV, BEEZ AN LBICRER S
HH%EXE2 22T, MUERHZIToTWS. LaL, RRE & 3HEWMEHIEE
WRBEIE, HERICX 2 TRINHE LV WS DS, HERGRENRE
EIEBIMRICKE K RBEMICH 5. ZOMBEZRIRT 272D AT 785 X IVR
RZMATI LT L= ZREL, L7V -2V ATIE L,
Fhp—FZa—FLFy b= EHAVWTRENEA— Ty a—X—IT AT
XNd. e LTHERINEREEZ ANTOBERWIHL Y L — A THZET
5. iR, BANMREZERBLEEE TR E2 20T, FICIFEHEHK
WE I L COBMABEOUEL RN, ZDLIIL, BT —EZ0BHARY b
077 LRANARY bar 7 a2l LAHT2 2%, EDk512Z
5 ORENZFHHEZ HVCTEFEERAZITO 220G LTEITLNATWVS.

BESERAZITO R, FidHEcEE Leifst e LT, KEFOMHEHLD 2 [24].
ZOMAETIE, FE L L TERIRIIEED—2TH % HHFHEHE [25-27] A3
Huwohtwg, FEFMIFEERE X, FBCE PORMTREICHKRS TN EE R
S 272 DICHVWL N IEIETH 5. HHMIFEELZ AR T 21615101%, £F)
SR (fuctuation strength) , 7 7 A (roughness) , > ¥ — 7% X (sharpness)
REPBTFONG., ¥ —T X RAREFOHILHEIIIHIGL, 77X RETED
XIS L, ZEEREIIZFEDIR X ICHIGT % [28,29]. Z OWIZETIX, AR
® ToyADMOS % W THEI DR Xz, ZORER, BWHEE TRE SBHL 0]
RETHoTz. FREEEIL, 77 AALELEHRE L Voo BEOEHNCHT 215FIC
B3 2 Z LR D, BEEERIICBIT 2H00HEEEN RSN, L
DURDHS, —HOBEAIRLIIEEDOADEFICRONATVWED, ¥DX5 Xk
HI b 2 TEEPBREEMANCEETH 25, TOMHICIEZE>TwiRVnEWL
5.

14



E3IE FHEOMH

3.1 SEHH

BEEMHNZ, —RANCREEIHEE L AR T D, RigdhbEic T
T — R SRR T 5. RO TIX, SV —RFEIRBARY bv, XV
BE T A 7 258 (MFCC) & W e BHERHED A E N TE 7% [30). DCASE
task2 DRX—=ZX 74 YETILTHHOWOLNTZNH XA NVARY brJ T L1E MFCC
ZRDLBIICEHEINDZANARZ va s 520k L7z DTH 25, MFCC
WERDOFIETRD S5,

£7, BEEBICNLTERE Y -V 2B Z2HWAZ T, ARZ TS
LEEET S, 22T, ARZ 7702 NOBEEREEZZER LI XVREIC
5 5. AVREIEFA (31) TRENS.

f
ﬁ) (3.1)

MFCC Z3RK® 2RIz k< sz ke LT, BEHEBTER SN LED
“HBTHEIANT 4 NENYTEZRNWT, ART b AT T LPEAILARY b
07T LIEMT A, ZHUCEER YA VB ENT S Z 8T, MFCC 18687
5. 1 (3.2) I MFCC OXBZ t oA HAZRT.

\/>Z Aycos l l—% %} (3.2)

NIF7Vv—2E, AEFMET 4 0227 DIRME, i 1d MFCC OB R R T.

fmel = 25951og,,(1 +

3.2 BHREMICED JHEHE

BIRE & XN HFERITIN 90D 5. (REWNRDDIZ, THHE X 1IR3
ARY FVEDR, ARY MUERIRER DT b5, F7o, BERETIERL, &
D2 ER[E X LWV o 2 F I T 2 REZYHETDH 2 BENED) o BT 21615
DN ODEEENTWS. HEEME (Timbral attribute: TA [18]) &1, HEOFR;
BEAFAFTRLIEZDDTH L. ZOHDO—HH, 41 —KFD AudioCommons
WS Fu Y MIZT Timbral models & UL THEEXINTWS. KT, Hardness,

15



Depth, Brightness, Roughness, Warmth, Sharpness, Boominess, Reverb @ 8D
DFHEFEREIFEE I N T WS, A RERZHHTZ % freesound.org TADEHIR
PRI IBRICHRDAHASINIMKEDRT 2 ERENETD - b FEEINT.
Reverb ZFR < FET /I 005 100 ETOEE & 5 X5 IFEEINTED, filk
LT Hardness 72 &, fHREWIEE X DBWEE IN5.

Hardness (ZEDE X 2R TIEETDH D, Williams [31] % Freed [32] , Solomon
[33] DHiEE b LICEREX /2, MFKFEL LTI ‘hard’, ‘pillowy’, ‘soft’ 2@ LTV
% [34]. AT PIVERIRARY MVELZEDARY MUVICET 21E#]P, 7
Ry ZRALBREPLEHINS.

Depth I3 EFDRITEEZ R TIEETH D, Cartwright & [35] DHEZ b L ITFELE
TNz, MEFEL LT ‘deep’ 238 LT3 [34]. depth 133X (3.3) T/ 3 HEGHIRE
% L7z spectol centroid %, I (3.4) TRIFEDRPEHOLEA SR XN 3.

Sty f(n)z(n)

Lower spectral centroid =
n(200Hz
ZnESOHz)) z(n)

(3.3)

Soniaoty /() (n)
Sty #()
20 ~ 500 Hz QJEBRER I D% G EN, EARBBPEMEL, EOLH BB DR
WCIZINF —DRRKERDHEDPRNFIZERITZ R 5.
Brightness (35 O 2 SEZ R THEETDH D, Pearce [36] DT 2 d L ITFELE
N7z, BEFFEE LT ‘bright’, ‘brilliant’, ‘dark’, ‘dull’, ‘polished’, ‘shining’ 238

LT3 [34]. R (3.5) TR rBHllR %2 L 7 spectol centroid & 3K (3.6) T34
7E D JEEEH I RatioB bR 2 5.

Lower ratio = (3.4)

St f(n)a(n)

Frequency — limited spectralcentroid = Yo, (3.5)
n(Nyquist) (
RaﬁoB::§:§§$2ﬁ) ) (3.6)
n(20Hz) (n)

3,000 Hz L EOEEEMAHZ  GENLHIE AL S ZIEL 5.

Roughness [3EF DS 2R TIEIETDH D, Vassilakis [37] DG % d L ITFHEX
N7z, MFEFEL LTI ‘rough’, ‘smooth’ 23J& LT3 [34]. 3 (3.7) 2% roughness
z#RL, X(3.8), (3.9, X(3.10) TRENZX,Y,ZroH TIN5, ZOKE
HICHW S s 1330 (3.11) TEHEN 5.

r=05XYy3!7 (3.7)

16



X = Amin * Amax (38>

2A i

Yy =——"—" 3.9

Amin + Amax ( )

Z — e(*3~55(fmax*fmin)) _ 6(75-755(fmax*fmin)) (310)
0.24

(3.11)

* 7 0.0207 fom + 18.96

50 ms Z IR DEIL, BT DREBIIARS PAVDE -7 2RKD D, Ay, &
Apin FE =225 LOBREDSR KIS 20 e /NS 2N OERETH 5. [ &
frnin ZE—2 L R B BRI RARD S D R/ND b DEIET. ZEIRED 70 Hez
GEWEIZEHE 2T S [29).

Warmth 13EDH-7-0 X 2 RTIEETH D, S0 DRI HI=2H1=1-0EDF
BRI E O W TEEI Nz, BMERIEL LT ‘cold’, ‘warm’ 3@ LTV 5 [34].
20 ~ 40 Hz OFEBR T2 SF N2 B IZ BN S 2K L 5.

Sharpness I EDHE I ZRTIEETH D, Fastl O ¥ — TR AETIL 38] &
b rITEEINL., MEFEL LTI ‘blunt’, ‘sharp’ 238 LT3 [34]. Sharpness
THIHT 2 Fastl O ¥ — 72 ZEF VIR (3.12) THHXN 3.

f24Bark N/(Z)g/(Z)Z dz

0

S:

(3.12)

N'(2) BEESFVRIZ DIV R A% KL, ¢(R)IES Yy =R RADEAZEL, 2
FEERHIEER S 2R T, EREESDOEA, AEEPEWIEE Yy =2 X %5
KU % [28].

Boominess 3 HD 7 — I YV IEERTIEETH D, Hatano 5 [39) Dt Z2 D &
ICEE X N7z, Hashimoto booming index Z EEFEIEL 72 DI D, v Tw
BHENDT—A4 ¥ ERERET 572D I N, HMFKFE L LT ‘booming’,
‘boomy’ LT3 [34]. HADIFEINL1/3F 7 Z—T NV FDORT —DEFT
ZRHOWTHEHEN S, vy —FF RN RWERBIZE 77— 3 7R &
C%.

Reverb I3 BF DRBKZ R TIEIETH D, Jan & [40] DEZ b LITHEEINT.
MEREE £ LT3 ‘dead’, ‘intimate’, ‘roomy’, ‘reverberant’, ‘dry’, ‘wet’ 238 L T\
% [34].

AT IhooEttEEZREE L LTHVWE.
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B4E REE

AV CIRBREDO T 0y 7 XA 777 5%RT. BRIER, [ERELFRIC, FF
UM EL AP A THERL X 41 5. Timbral attribute extraction D34 HEE % &
L, Classifier I3a#Alas % &K 3.
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4.1 43R ER

R a1 2.2 B TR 7z Timbral models ZFWT 8 D DfstE 2 B H T 3.
BAHIXN/Z8DDHEIZHN L TIXRTOMASDHYE (2558 D) ZHiH Lkl A
HEhs.

4.2 #REs

WAERICIZ Y R — bR X —< ¥ (SVM) [41] ZHW, [EH - ZEE2HR]S
5. SVM X272 7 2D = VRGO —D2TH Y, H—3L by 7 EHNT
FERRIE DR BB BE T & 5. SVM DFE%21E, Python DA —7 > Y — 2%
WEEHS 4 751 Tdh 3 scikit-learn ZFHWTEE L2, BARIZ¥EET 202
ParvlEERANLTCEREFHET 2RIy a2 T\wg, 85382
ParTlE, T —%2%A1L, F\W3 Timbral attribute D3 XRTDOHAE D
H (25538 D) THEEEZITV, ROBEENEL RoMHAG LR THIMEAET IV
CUTHIHT 2. BESFHET 2R 272 arTlE, 7&XFF—&IZH LT Timbral
models & FIWCTRHEIME L, FIBEADFENEZHWTT X b7 — 21T LTIE
W BEOHEYT 5.

4.3 RFEZOIOVET L

A BV T, BREEOTXTOMAGDEEMILL, %8 - 7 X b
1570, ZOWRICEWTEEL 23 HOREOHAGDEEIS 2T 5
EBTES. F, TOMMICHL TROEH L 22 HOREOMAGDET
FHIETS 72, WA O Lo T % 2.

4.4 REEDFHESE

RBEOBBGE M3 258, [EfER, AR, BEER, FEZHW.
BEZIELSHETEEARE TP, IEEEXIEL  HIETEEARE TN, 2
WhiRo CHE LA " FP, EHEEZBR> CTHELEAKEFN 2 $5. 1E
e (Accuracy) 133X (4.1) TREN .

TP+ TN
R = 4.1
A TP+TN+FP+FN (4.1)
#BF5MER (False positive rate:FPR) (3B OFAKED 5 Biko THE L 2H&

EL, 42 TREND.

FP
ARSI
ThRa 1R TP FP (4.2)

20



Ak (False negative rate: FNR) (ZIEHF OEAKRED 5 B3 THIE L 7-E1E
2RL, N (4.3) TRINS.

FN
A‘m %“ ?A_i B — 4.
e (4.3

FfE (F-measure) (33X (4.4) TRENZEEHE (Precision) &, H (4.5) TRE A
5 HER (Recall) OFNIEE2 6RO LN L. BEERIIET ZHE L LELRD S
b, RRICERETH2EARDEEGEZERL, HHRIERICEETHHEARDS
b, BETHL LHESNIEADEETDH L. T/, MERL HEROMIIZ
FL—= A T7DBGRMDHD, ZhoreF D THlidT 2FBICFEZFHST 5. FHE
DFtEAZ R (4.6) 1ITRT.

TP

A
HER TP FP (4.4)
TP
B - ,
EERSTRA TPLFN (4.5)
Al — 2Recall « Precision (4.6)

"~ Recall + Precision

AIFFETIE Z NS OFHER EZ IR R EZ &0 TR TOMARICH W -,
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E58 ToyADMOS I B H&ET

5.1 HH

ARFETIZ ROC MIFRIC X 2 BEHIED & 5 BN Z AW, StEEE
HEBEMRANCHHAT 2 ZePAJEETH 205 EHLNITT 5.

F7-, RERELHIROBEOHEZTV, BEBEEOFEMEEHALNICTS. 20
95z, KEFOMILTHE ONAER L LB U TEEE & EH M & [k I 2
WEBRICHHTRER Y S 2L NICT 5. BERIZ, A LA b5
L% W7z Baseline L 2 RIEIC K 2B E L HEE U, iR E & i U 72 B
DIRBIEOENEEHS 2T 5.

5.2 Hik

ST RIZIKEF DBFFE L [ ToyADMOS [20] \ZINFk X 17z, ToyTrain D7 —
2ty FO—EHDOTFT—XZMHA L. BEDOSKRMAL LT, REEME X FRERHE
W DO HEE & O ERREE, BIRREEOHE, RO EBYORECE, FREE OB
XRGEPEETNTVWDS. AFETIE, TNLDOEFICERT 2BES 4L FH
BOEEF 14l 24O 7 -2 ZRH L. T—2REE 11T, 27V >
7' AR EE 16,000 Hz & L7-.

Timbral models [18] 2 FWTHRHEHIE 21TV, 5507 8 HDFHHEFERED 77 &
ARG DR 21T - 72, @AIRE ORI AE e LT, FHMEfSEEOED & ROC
HiiRe B &, BRBWHERN 1, BIEEERD 0 OIS S RE 72 2 Hil s 2 B S5
DEEE LTRELL. ZO6DREZFAL T 24 HoBFEEFZ L, @il
ErfE Lk, ¥/, A7 —233l7 -2 7 AN T =X IZHEIL, T
2 b F =R EAWEBROBFEREFWT, KFOWE L O EIT- 7=,

BRI, IBZEOENEZFMT 272012, FHEEL L THEALARS o
7'Z . (LME) %F\W7z Baseline &l %17 o072, 1,024 %> 7LV DET, 5124
YTINVDATA RIETET XY VD 3I3DART v az2E8H L= 20
B, 128 XY FDXILT 4 NRIZEST, XNVARZ varor28HLE 85
NXVARZ va s azxib L, LME Z28H L. 5577z LME OXIT
BZ 44,032 (=128 X 344) Kotk o 7-.
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# 5.1 AW SR & BEIREE [24]

N Straight Curved First Last
ame
railway track railway track  carriage carriage
ab01 Normal Normal Normal Chipped
wheel axle
: hi
ab03 Normal Normal Chipped Chipped
wheel axle wheel axle
D Chipped
ab0b Normal Disjointed Normal
wheel axle
hipped hipped
ab07 Normal Disjointed Chippe Chippe
wheel axle wheel axle
) hi
ab09 Normal Obstructing Normal Chipped
stone wheel axle
hi
abl3 Normal Broken Normal Chipped
wheel axle
hi hi
ablb Normal Broken Chipped Chipped
wheel axle wheel axle
abl7 Disjointed Disjointed Normal Normal
Chipped
abl8 Disjointed Disjointed Normal Ppe
wheel axle
Chipped Chipped
ab20 | Disjointed  Disjointed Ppe Ppe
wheel axle wheel axle
Obstructi Chipped
ab22 Disjointed SHIHCHNG Normal Ppe
stone wheel axle
Obstructi Chipped Chipped
ab24 | Disjointed SHIUCHNG 1Ppe Ppe
stone wheel axle wheel axle
. Chipped
ab26 Disjointed Broken Normal
wheel axle
Chipped Chipped
ab28 Disjointed Broken 1Ppe 1Ppe
wheel axle wheel axle

23



5.3 #ER

5.1 I FHiifE RO B HIEZ RS, Ml 7T — 2&FS, HEIEE SRR
fEZzR—2t LdHMiifEZ RS, BWHES 7 7I3EEE 2, ROBZ 2 7I38ES
%73 . Brighness & Sharpness PEFEH L IEHE T1OOEEEZRE, Bur X
CRLTW. 72, BEH abl723 Hrdness, Brightness, Roughness, Sharpness
THRIEDMEZ £ D, Warmth, Boominess TIRADIER & 2D BEH & FEAFRHE
DHEIE L 72 o 7z,

5.2 ICEFHliFEEE TR DO /- MIETOEE EMANEE Z /R 3. Brightness & Sharp-
ness 23 HITHEDI0.963 &2 D, BWIEETEEEZMHATE SN0 hot.
Brightness & Sharpness 25¢ HIZEWVEHIEE TREEEZMATE S Z e 0h-
7z. abl7 (EHR - B L — L OIEERE) OREE DA, [EMICHETE o7,

5.3 1A T — & &2 AW TR IFHIHEIE C RO AT, 7R P F—X &R E
L7 EZ RS, PMIXERERRBUI2EAIIEELZRT. 24 DHE(ESEX
R L7 AIREE T, Brightness ¥ Sharpness 238 d ik BIFEE D S < 72 o 7223,
TR MT =N E Ui hlFEE X Brightness DIE 5 D3 < 7o 7.

5.4 1ITKEF DML TR ONARZRT. [F UFIET Brightness 2 W 724558
CHERLT, 7273 RADFEH e ZEHREDODED K DBAEEL S, ZHE
DARIFIRFZECF UL FHEN1eRD, BECIEEZZRICHET 5 Z M T
EMEQAVS

KOS ITIRRBIEE WA NV ZARY b F' T 2R & L THWz Baseline ®
AR 2R, PMAMERIEZR/RL, LME 2% Baseline Z/R3. F{H2 PM 03
A1r7Y, LME LHELTEDEWBEHIEE THEAIDEETH o 7.

RERICBWT, FEIEK (1) tRokMAEDEIZ68HDY, ZAsHDH
THH SN f5EDE|E %23 5.6 1277F. Brightness 23 0.75 ¥ &% ® M FSHE 2355 <
o7z,
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* 5.2 BHICIRD B BEHIHEIRIC & 2 aHE

imbral attribute ccuracy |/o 0 0 -measure
Timbral b A %] FNR [%] FPR [%] F

Hardness 64.3 42.9 28.6 0.615
Depth 64.3 21.4 50.0 0.688
Brightness 96.4 7.1 0.0 0.963
Roughness 78.6 214 214 0.786
Warmth 60.7 57.1 214 0.522
Sharpness 96.4 7.1 0.0 0.963
Boominess 64.3 42.9 28.6 0.615
Reberb 53.6 0.0 92.9 0.683
PM 100.0 0 0 1.0

26



& 5.3: BEOICHRD 2RISR L 27 X b7 — XN T 2R

imbral attribute ccuracy |/o 0 0 -measure
Timbral b A %] FNR [%] FPR [%] F

Hardness 50.0 57.1 42.9 0.533
Depth 57.1 57.1 28.6 0.625
Brightness 92.9 0 14.3 0.923
Roughness 71.4 14.3 42.9 0.667
Warmth 64.3 14.3 57.1 0.545
Sharpness 71.4 0 o7.1 0.600
Boominess 64.3 71.4 0 0.737
Reberb 50.0 100.0 0 0.667
PM 100.0 0 0 1.0

27



% 5.4 KIFOWEIC & 2 HANEEE [24]

Threshold ‘ Accuracy [%] FNR [%] FPR [%] F-measure
Mean of Roughness 85.7 14.3 14.3 0.857
Variance of Roughness 100 0 0 1.000
Variance of Fluctuation strength 93.8 0 11.1 0.933

28



3% 5.5: e R1E L Baseline O PR ETHA 5 5

Accuracy [%] || FPR [%] FNR [%)] F-measure
PM | LME | PM | LME | PM | LME | PM | LME
100 78.6 0 42.9 0 0 1.000 | 0.727

29



7 5.6: FHEOEIR OAHER

Hardness Depth Brightness Roughness Warmth Sharpness Boominess Reverb

0.412 0.676 0.750 0.485 0.721 0.676 0.294 0.191
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5.4 Z

BB FE TRl 23 C & 7= Brightness £ Sharpness CTREEH abl7 23 & IZHUHIC
BWEZ & o7, £7z, abl7T 3MMORE T & HERZART T —DRARIED/)N
SWHANCH o7z, ZHUZ, abl7 ORE OSEMADIER - HIfRE OIBEE D=0, £
1TRRIC D 7z NSRS D IFERSER 0 CIEFIREE D ETR  IT R R 2 BG5S, abl7
IR WETRBIR DR ELL L TWSE., 207D, BEDE X12{%5 Brightness,
Sharpness 2FiIIRWVEZ & o728 EZ 6N 5. HEDOT7—I V7K (KFEAKOE
TT7 Y7 V8 KE) 12425 Boominess T Brightness X Sharpness & (&2 KW
% & D, abl7 DRHENEEHEFICRNTVS. ZD/2®, abl7 % 5 F FMBITE R
WITEIREEZGBEEE L, Mildsz aflE»T 5 22, #RoREEZHV
TEEDPARERBNGRTH WS Z e THIRTZ 2 EZ NS, ZORMR, R
ETIFablT 28D THERRIERE - BESEZHIT2 e TELBbNS.

IKEF DI U 72 85 IR 5 MR C© & 2 B EFHlfEfRE, REBHRZFIAH S
52ZeMNTE, ZOHeIERZHVTHEZIToTWS. 2DOZ &5, ToyTrain
WS 2 BRESEBRINCB VTR EOQORMZ(LBKEROTRIEEZALNS.

WX NVARZ buro aeREE e L THW: Baseline & D IEREDIZS
DA EDS L R olz. ZHUE, FEE L LTOMRANVART tulT L0
KPR T, PEDOT—XTHOVAIIEHEL TWARWI L IGER T 2 & 2
bib.
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F6E MIMIIT—42twy MIXd3
1R

6.1 BM

55 B TIIE ORISR ZI615E L HRRED, ToyADMOS 12X L THEMZ &
WS g ol. AETIE ToyADMOS OMETCTHWEBd 5 » DIEE T
W72 K, EERARSR TOIRBIEDIENDLE S D EMETT 5.

6.2 Hikt

RRFEOFNMEZFMT 272012, FEEL LTRHEA VAR e s T L
(LME) % /= Baseline & [l # 1T o 72, 1,024 3> FILDET, 51292 7LD
AT A4 RIBTEIZ XY VD33 DARY vur o a28H L. 20K, 128 2
YEDRANT 4 NRICEST, ANARZ valsa2BHLE BohzXL R
RZ har7azMgkl, LME Z8H L7z, 5577z LME ORIt 40,064
(=128 X 313) Xyrk o7,

FHAICIE MIMIL 7 — &ty MIZEREINTWEIXRTOET — X2 FIH L 7.
INHDETFT—XEAHT—R T AT =R XHEIL, ZOHENEFZXTX3 L
L7z, 783 2BOIER - BFET7T—X0HFIEFEIC E L. 7T — 2% H\WT
FEETV, TR T —2EHOTEHAIEE OFHEi 21T - 7.

6.3 R

K 6.1 IS T b AR EED & < 7 o 72 TA DA G DLEZRT. %K6.1
Ho 1 23R E L LTERAZIATW2 30270, 03RHE: LTHEA S AR
MolebDERLTWA, Fan lZBIL T, Roughness £ Boominess, Pump (2B L
T Sharpness, Valve (2B LT Hardness & Brightness 233 X T DE{R TR = &
LCTHIHE L.

1RRIE & Baseline D HLBGHAG R Z, R 6.21TRT. PMDPERIETHIHRDF
H2E 72 o 7 TAMAGDETOMBIEEZR L TV, LME A3 Baseline O
ReRg. RPFPoNA 7Y (=) 1F, FIEZRKD ZBFRICEBERNP0TH 279

32



W FER~ A FRERKICHENT 272D ATERWEEERT. FHiTER» S,
827513 Baseline & FERT 16 HfEH 6 BE T FEDE K 2 D, 21K T 37.5 %MEiE
MA LT 22 Bnbhol.
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& 6.1: FEUEROAR

Machine

ID

Hardness

Depth

Brightness

Roughness

Warmth

Sharpness

Boominess

Reverb

Fan

00
02
04
06

o

1

1

1

—_

1

1

[en)

Pump

00
02
04
06

Slide rail

00
02
04
06

Valve

00
02
04
06

= o= = == O OO OO0 OO0 O O

= = = OO = = RO O R RO RO

R R RO R R R RO R R OO

— = O RO O RO O e

O = = OO0 = O R Rk OOk = O

O O O Pk O KRR P R RO =

_ O O Ol O K Ol O = Ik = =

— O = Ok O O R OO R, RO OO
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3 6.2: ERIK L Baseline D FUBGEHifE R

Machine || 1D Accuracy [%] || FPR [%)] FNR [%)] F-measure
PM | LME | PM | LME | PM | LME | PM | LME
00 || 83.3 | 90.8 | 50.8 | 31.1 | 3.00 | 0.30 | 0.63 | 0.81
Fan 02 || 86.2 | 99.3 | 43.5| 1.90 || 3.30 | 0.30 || 0.68 | 0.99
04 || 87.5 | 98.3 | 41.0 | 6.70 || 2.90 | 0.00 | 0.70 | 0.97
06 | 96.1 | 99.3 | 13.9| 2.80 | 0.30 | 0.00 || 0.92 | 0.99
00 | 96.8 | 96.2 | 23.3 | 30.2 | 0.30 | 0.00 || 0.86 | 0.82
Purp 02 ] 94.6 | 970 | 51.5| 30.3 | 0.30 | 0.00 || 0.64 | 0.82
04 | 90.0 | 100.0 || 73.3 | 0.00 | 0.90 | 0.00 | 0.40 | 1.00
06 || 97.4 | 98.8 | 25.8 | 12.9 | 0.30 | 0.00 || 0.84 | 0.93
00 | 97.7 | 99.5 | 7.50 | 1.90 | 0.60 | 0.00 || 0.95 | 0.99
. L1102 935 | 94.8 | 23.8 | 26.3 || 2.20 | 0.00 || 0.82 | 0.85
Slide rail
04 || 88.8 | 95.8 | 31.5| 17.0 | 4.40 | 0.00 | 0.76 | 0.91
06 | 92.0 | 85.6 | 48.1 | 100.0 || 1.30 | 0.00 | 0.65 -
00 | 100.0 | 89.2 | 0.00 | 100.0 || 0.00 | 0.00 || 1.00 -
Valve 02 || 98.4 | 85.5 | 11.1 | 100.0 || 0.00 | 0.00 || 0.94 -
04 || 98.8 | 89.3 | 11.1 | 100.0 || 0.00 | 0.00 || 0.94 -
06 || 91.0 | 89.2 | 83.3 | 100.0 || 0.00 | 0.00 || 0.29 -
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6.4 EE

6.1 DFERD S, Fan IZTIT XN TOEART Roughness & Boominess 3% 41
T, ZAUE Fan BALEEE L WS BE DS L - TR Z 2 B2
2% Roughness ¥ Boominess ICZKEX L fR2 EZHN5. £6.1 DFERD S, Pump
W2 TINRNTDEIAT Roughness & Boominess 23FJH X LT\, Z4UE Pump 1
IKIRAIUZ X BTRKEDZE(L D Sharpness ICKE LR EZHN5E. £6.1 DGR
P 5, Valve IZTIT X TOE{AT Roughness & Boominess 23R X LT\, Z
X, Valve DEREICX > THF HF 205 BHEDZE{LD Hardness & Brightness
R eEZLNS.

6.1 DFEERD 5, ToyADMOS I3 25T & [FIFRIC Brightness 232 HfE% 8 L
TiOAABEEIEDP -7z, ZORRD 5, Timbral attribute DHTid Brightness
Db BEERANCBWTEHEELFEEZONS.

Baseline 1%, Slide rail @ id06 38 X Of Valve DT FPR 231 &2 D, X
TOTF—REEHELHEL TV . Slide rail @ id06 1& Valve & L7 EfD H % &
THY, HOEVHRZHITHL LS5 BEETHS. ZORR,S5, LME Tid
Valve ETIRE2 A F A F VS HOWEZRIATERWZ L ITERAT 226 Tld W
heEbhs.

Valve @ id00, id02, id04 23 Baseline ¥ FEB{ L TR E L FEDRA LR S50 7.
OGRS, BEEIIHOEDHREZ DT TR 2 X 5 %o BE SRt
LTEMTE R BEbh 3.

RRIE L Baseline DFHE DRI Z LIRS 2 &, IBRIED ST HEEINT D 7%
V. —HROHHE T Baseline & FUE U CRRBIFGED LAl > 7= Z £ 425, LME ¥ LUK
LTC—EOEDIER - BREDEVWEZ IS RTEEZAONS. FLEREZHV
THOBROCKTTH TEFEERAZITO 28T, il2RCitEZITOBROFHE I A b
DHIFEDSAFTE 5.
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71 BHbMCLIEC

AWFFEO BIE, HEIZHRb 2FHEEEISEEERANCB W THEEDLZH S 2
32528 THb. ZZTAIMKTIE, BdHLDHMES & EFEABRIITHNLT
BEEmAzEtEtEz HOTHRE 21To72. ZOHMRE, Bd 52 DES TN
% fiE1 Tl Brightness & Sharpness DWEE E EHDEWEZ KSR LTWE Z e
b otz EXEMAEIRICIHT 28T, REED GBI L TE X L
ARZ bar o aeRHEL LZBREEHRANEL D #REELI &S RE 2 ey
3o 7z, ToyTrain DIEH - BEEHICIEIAMEOD 2 ENEZENTED, &
HEOGEICEDENRE LR BMEAICH D, MIMII D Valve (X1EH « BHEFH OM
ATEDEABP RSN, 2D b, HWEDHEFE DT TR EEORE
WXL TRICEBBEEDIEN TH L VWS TN FE RS, £, 20DMEZEL
C Brightness 232 28 L Tk b FABEE S E o7z, T DOFERD 5, Timbral
attribute DH T3 Brightness 23 d BEEMRIANCB VW TEHEHEL L ER 5.

7.2 BRENIHRE

SR REHEOES T 2 50EEZ AN TR 21To7%. L LS E O
BEH O ETE, FEOZO DDA RHTH I3 TES, FRoE(l
K EOREDEN S LS BRREBEEIRAT L IR TERW. 22T, ANES
ZREZEIL, E0EROGZIIN L THOBEEOHEEZREL T2 2 TERDZE
LERHTHIENTELZEEZILNS.
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