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Fig. 1 Processing flow for conventional abnormal sound detec-

tion with acoustic likelihood
R = argmax P(U, Q|M). (1)
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Fig. 3 Subjective risk of environmental sounds.
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Table 1 Experimental conditions for unusual sound detection.

Sampling 48 kHz
Quantization 16 bit
33 orders

Feature vector (16 orders MFCC
+ 16 orders AMFCC
+ 1 order APower)

5 states

Number of state

Training data Conventinal method :

100 samples

(Usual sounds 100 samples)
Proposed method :

160 samples

(Usual sounds 100 samples

+ Unusual sounds 60 samples)

Test data 150 samples
(Usual sounds 50 samples

+ Unusual sounds 100 samples)

Number of models | Conventional method : 10 models

Proposed method : 12 models
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Table 3 Detection rates for normal and abnormal sounds.

Conventional method

Identification rate

Usual sound 35/50 (70 %)
Unusual sound 100/100 (100 % )
Total 135/150 (90 %)

Propose method

Identification rate

Usual sound 45/50 (90 %)
Unusual sound 100/100 (100 % )
Total 145150 (96.7 % )
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Fig. 4 Acoustic likelihood for environmental sounds with con-

ventional method in 1st stage.
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Table 4 Experimental conditions for risk identification.

Sampling 48 kHz
Quantization 16 bit
33 orders

Feature vector (16 orders MFCC
+ 16 orders AMFCC
+ 1 order APower)

5 states

Number of state

Training data Conventinal method :

70 samples

(High risk sounds 70 samples)
Proposed method :

130 samples

(High risk sounds 70 samples

+ Middle risk sounds 60 samples)

100 samples

Test data

(Unusual sounds 100 samples)

Number of models | Conventional method : 7 models

Proposed method : 9 models
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i

E]
5 60
£ 80
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Fig. 5 Acoustic likelihood for environmental sounds with con-

ventional method in 2nd stage.

x5 BRI

Table 5 Experimental results of risk identification.

Conventional method

Identification rate
Total 80/100 (80 %)

Propose method

Identification rate
Total 87/100 (87 %)
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Table 6 Total experimental results of multi-stage identification

Conventional method

Identification rate
35/50 100/100 (70 % 100 % )
80/100 (80 %)
Total 115/150 (76.7 %)

First stage

Second stage

Propose method

Identification rate
45/50 100/100 (90 % 100 % )
87/100 (87 %)
Total 132/150 (88 %)

First stage

Second stage

WEEmicELEEIONS. o, REFTIREEE
WET N0, IEHEZTOBIHE L 77k T
HHEVZD,

5 X0, FELERMOAECRE L iR LT, BEs
TIXEREDOFRBIHELF 7% M ELTw3 2 EDHERTE
5. ZO/EPS, FEHEEOBBIERINICB LT EMH
RS L TR L FEBE T V2w 2 L TEblic
fEREEZRETEL EEZOND,

2 6 ICIEH B IR & R ESRA EER O K5 H & ity
L7 a2md . JEHEE OBMHREEE & fEkREE O
DELSIZEWTY, REFEREREL D SEEL L
T3 I LRERTE S, D EDORR,S, RENCIERE
HEEREICHE L 72RIc, ZO[EME %23 2 R_EHk
X, BRERSD S GMA SRS IR TE 200, Gk
HICHERITH 2 EVZ D,

RRFZEClE, FHliFEER IS 35\ CTHER & AR S8 it
EHOWZOIZ, EREHEO 7O ICRE 2 F 2R E I
DT ZIT> TR, 20720, SHIFEREHR
Ho-ooRE L EBREOMN 2T 2T, B2
BB 2 HiE T 058035 %

6. BHDHIC

AWFRETIE, BRA2DOHOMDICHET 2B S 2V
EREIRI D SRS 2O R Z HIW E LC, Bl =
HEE TS o FAEMEOROGIEAHE T 2RI L 8ic,
BARTERRES |2 FE D I RESE L 72 & 7L 2 F o CTRaRREE 2 3k
T 52N F AT — VBREIERANE 2 PR L 7. FEEREITIL
Bk L 72 BREEE 2 O Ml EER O RS E, RO FEAEE
o7 fafar i i & g U CHREE I IEH &S o
BT %, EHEEOGHRERRNEED 7 % M kL
72 LERMERL, REEOEIEEMERL 2. S’ &
i O fEREPIR I %2 B EE ICB § 2 7- 012, el
VIt 75 R R 2 AT 5.

HEE AR O EBII R DB % 520 7=,



BRNIEA TR E
IPSJ SIG Technical Report

SEXH

(1]
2]

B3l

4]

[5]

(6]

(8]

(9]

(10]

(11]

(12]
(13]

(14]

(16]

(17]

(18]

(19]

20]

(21]

22]

SEILEEEE, R 2 ORI, 7 BiEREHIRE, 1991,
BISARL, JEiE—, “HiMEE=5 ) v DO DH X FH
Gz v REBERE, » EX2HGE D, vol.122,
1n0.2, pp.182-188, 2002.

AREORES, PR, BIEALA, fEIHf—, “MqREIC
BT 2 NUALESTE OWIEAN, » HBUABL ARG OGS,
vol.47, no.9, pp.12-20, 2006.

WAz, TR, BOERT, BHSEAE, AEW, i
HEA, “HRMEE=s Y v I AT A0 A 7 4
ARV, 7 EERGEE A 2B 7ER S, vol.107,
1n0.348, pp.37-42, 2007.

W. Yao-Dong, T. Takeshi and I. Idaku, “HFR-Video-
Based machinery surveillance for high-speed periodic
operations,” Journal of System Design and Dynamics,
vol.5, no.6, pp.1310-1325, 2011.

=R, VOGS, PN, BEEE CHMMIck 3
BREEE A ORI, 7 HASE A BRI R SR
X4, pp.15-16, 2000.

M. Cowling, “Comparison of techniques for environmen-
tal sound recognition,” Pattern Recognit. Lett, vol. 24,
no. 15, pp. 2895-2907, 2003.

K.-M. Kim, J.-W. Jung, S.-Y. Chun, and K.-S Park,
“Acoustic intruder detection system for home security,”
IEEE Transactions on Consumer Electronics, vol.51, no.
1, pp.130-138, 2005.

A, REPR, BERNE—, “vAf7n 737 LA 2/
TeEEEEO RAF DI X B IEHH & faBkE ot 2 7
A, 7 B ERRE 2BV, vol.108, pp.19-26,
2008.

AR R, “GHEEMORITE ZDER, 7 Journal
of the Japan Society for Simulation Technology, vol.13,
no.1, pp.25-33, 1994.

Mil—, ®ERZ, FHRAE, “EV OFEFEHE L N
FEBYER & OAZEN T, 7 B TR A v RS T LG
FCEE, vol.17, pp.111-114, 2007.

ERRE— BB, W EHF, “F Ol 72 O O LESEHE
B, 7 awaiit, 1998.

HERRS — BB, “FRoEREK ST, 7 HRFE LR,
vol.49, no.11, pp.823-831, 1993.

BOCRAY, BRAWE ., FRIEAT, WSEmOR, EEORER,
ez KWk, BB EAM 1C BE 3 2 SRS, 7 BB
FRO S Y RY Y LEEERSCE, vol.17, pp.95-98, 2007.
R, KEds, T L XX —0G8RE C BT
[SHOEE 2B S, vol.104, no.379, pp.25-30,
2004.

B, carvEa—y3 4 v A6 RBEROERY
Wi, 7 AAZFEELTE, vol.50, no.12, pp.1017-1022, 1994.
FHHREE\BE, FRETE, THRI, i, 108kt (e
K—, FHELR, “HZomyr, » HARBEWY S
(C), wvol.67, no.657, pp.1303-1308, 2001.

BT, SAREHT, HRE—, AT, HERET
B BHAIEEEY AT & L Z20HMM, 7 B EERE
fB2E2HCGEE D, vol.J90-D, no.10, pp.2765-2774, 2007.
R. J. Elliott, L. Aggoun, and J. B. Moore, “Hid-
den markov models: estimation and control,” Springer-
Verlag, 1995.

AWt =, “Sik LEHE4 HERNEEE TV, 7 RERAH
hiRez, 1999.

HOERAR A, R, REPR, EEERE, “RWCP B H
BT - R—R, 7 ETERIEESRA R
i CEE, mno.l, pp.255, 1998.

S. Nakamura, K. Hiyane, F. Asano, T. Nishiura, and
T. Yamada, “Acoustical sound database in real envi-

(© 2013 Information Processing Society of Japan

Vol.2013-NL-211 No.7
Vol.2013-SLP-96 No.7
2013/5/23

ronments for sound scene understanding and hands-free
speech recognition,” Proc. 2nd. International Conference
on Language Resources and Evaluation (LREC2000),
vol.2, pp.965-968, 2000.



