
���������
	����

��������������� ���������  "!#�%$�&('*)�+-, +�.�.�$�/
021436587:9<;>=@?A1<BDCFE:G:H2I2JLK8M2NPORQTS2U

VXWZY HLK:[]\L^`_badc

egf hji�k i�ilinmporq sti�k i�ilinmpuwvyxyz{i�i�k i�ili

|A}�~%�l�������"�-��������������������}�������~%��������~l��~%���(�������������(�����p}���������������}������������¡ ����(������~%�¡�¢��~%���(���(~%��~%�¡�
���(�����
�£�����(��¤�¥�����~¦|¢�(���%���

§�¨ ©*ª"«�¬­«�®°¯²±�¯�³�´�µ�´·¶�¸ ¶*¶�¶%¹�º�«�©­»²ª"¼�¨·½°¾(¯�¿�´·¶�¸ ¶*¶�¶ÁÀ%Â¡ÃÅÄÁ»Æ¨�Ç*¼�¨�®ÉÈ�Ê�È�³Ë¯�µ²¯�¿�Ì�¶*¶�¸ ¶*¶�¶

ÍÅÎËÏÆÐÒÑ#Ï�Ñ#ÓÔÎ�Õ�Öj×"Ø²Ö%Ø²ÓÔØÙÕ�Ú¡ÓÔÑ#Ø²ÖÙÛ°ÛÆÎ­ÜÒÎ*Ý­ÜÒÞ Ñ#ÖÉÓàßÆÓàÜÒÎ*á¢âäãæå²Þ Ý"åÉÝ�Õ�Ö¦Õ�ØÆÜÒÑ#áçÕ(ÜÒÞ Ý�Õ�Ú Ú ßÉÛÆÎ­ÜÒÎ*Ý­ÜèØ²Ö%Ø²ÓÔØÙÕ�Ú�ÓÔÑ#Ø²ÖÙÛÆÓèÕ�ÖÙÛ°ÓÔÎ*ÖÙÛ
åÙÕ�é�Õ(Ð"ÛÆÑ#Ø²ÓçÓÔÞ ÜÒØÙÕ(ÜÒÞ Ñ#Ö²ÓêÜÒÑìë#ØÙÕ(Ð"ÛÆÓ*íæáêÑ#Ö²Þ ÜÒÑ�ÐÒÞ Ö²ëìÓÔÑ#Ø²ÖÙÛ
Î*Ö%î%Þ ÐÒÑ#Ö²áêÎ*ÖlÜÒÓ�ãæÞ ÜÒå�áêÞ Ý­ÐÒÑ#Ï²å²Ñ#Ö²Î°Õ(ÐÔÐ"Õ*ßÆÓêãæå²Þ Ý"å�åÙÕ�î�ÎÉÕnÚ Ñ�Ü¢Ñ�ï
áêÞ Ý­ÐÒÑ#Ï²å²Ñ#Ö²Î*Ó*ðòñòå²Î�Ñ#ó%ôàÎ*Ý­ÜÒÞ î�ÎËÑ�ï�ÜÒå²Î�ÓàßÆÓàÜÒÎ*áyÞ ÓæÜÒÑêÕ�ØÆÜÒÑ#áçÕ(ÜÒÞ Ý�Õ�Ú Ú ßÉÛÆÎ­ÜÒÎ*Ý­ÜæØ²Ö%Ø²ÓÔØÙÕ�Ú¡ÓÔÑ#Ø²ÖÙÛÆÓèÕ�ÖÙÛ¢ÜÒå²Î*Þ ÐpÛÆÞ ÐÒÎ*Ý­ÜÒÞ Ñ#Ö²Ó*íÙóÙÕ�ÓÔÎ�Û
Ñ#Ö�Ø²ÓÔØÙÕ�Ú�áêÎ�Õ�ÓÔØÆÐÒÎ*áêÎ*ÖlÜ�ÐÒÎ*ÓÔØ²Ú ÜÒÓ*ð�õöï¡ÜÒå²Î÷ÛÆÎ­ÜÒÎ*Ý­ÜÒÎ�ÛçØ²Ö%Ø²ÓÔØÙÕ�Ú�ÓÔÑ#Ø²ÖÙÛêÞ ÓòÐÒÎ*ë�Õ(Ð"ÛÆÎ�Û�Õ�ÓæÕ�ó²Ö²Ñ�ÐÒáçÕ�ÚÙÞ ÖÆï�Ñ�ÐÒáçÕ(ÜÒÞ Ñ#Ö¡í²Ñ#ØÆÐøÏÆÐÒÑ#Ï�Ñ#ÓÔÎ�Û
ÓàßÆÓàÜÒÎ*áäÏÆÐÒÑ(î%Þ ÛÆÎ*Ó�ÓÔÎ*Ý*ØÆÐÒÞ ÜùßìÕ�ÖÙÛ¦ÓÒÕ(ï�Î­Üùßnólß¦ÓÔÎ*ÖÙÛÆÞ Ö²ë¢ÜÒå²Î�Þ ÖÆï�Ñ�ÐÒáçÕ(ÜÒÞ Ñ#ÖìÜÒÑ�ë#ØÙÕ(Ð"ÛÆÓ÷ãæå²Ñ¢ãøÕ(ÜÒÝ"å²Þ Ö²ë°Ï²Ø²ó²Ú Þ Ý�ÓÔÏÙÕ�Ý*Î*Ó*ðêú÷Þ û�Î­ÐÔü
Î*ÖlÜÒÚ ßìï ÐÒÑ#áýÜÒå²ÎçÝ*Ñ#Ö%î�Î*ÖlÜÒÞ Ñ#ÖÙÕ�ÚòÓàßÆÓàÜÒÎ*áêÓ*í�ÜÒå²Î¢Õ(ÜÔÜÔÐ"Õ�Ý­ÜÒÞ î�Î¢ÏÆÐÒÑ#Ï�Î­ÐÔÜùßìÑ�ïæÜÒå²ÎçÓàßÆÓàÜÒÎ*áþÞ Ó�ÜÒåÙÕ(Ü�ÜÒå²ÎçØ²Ö%Ø²ÓÔØÙÕ�Ú·ÓÔÑ#Ø²ÖÙÛ�Õ�ÖÙÛÅÞ ÜÒÓ
ÛÆÞ ÐÒÎ*Ý­ÜÒÞ Ñ#Ö
Ý�Õ�ÖÅó�Î¢ÛÆÎ­ÜÒÎ*Ý­ÜÒÎ�ÛnãæÞ ÜÒå²Ñ#ØÆÜÁÛÆÎ­ÿÙÖ²Þ Ö²ë�ÜÒå²Î*á Þ Ö
Õ#ÛÆî#Õ�Ö²Ý*Î#ðÉñòå²Î­ÐÒÎ­ï�Ñ�ÐÒÎçãòÎ¢ÛÆÑ°Ö²Ñ�Ü�åÙÕ�î�ÎêÓÔØ²Ý"åìÜÔÐÒÑ#Ø²ó²Ú Î*ÓÔÑ#áêÎ*Ö²Î*ÓÔÓ
Ñ�ï·ÜÒå²Î�Ý*Ñ#Ö%î�Î*ÖlÜÒÞ Ñ#ÖÙÕ�Ú�áêÎ­ÜÒå²Ñ%ÛÆÓèÜÒåÙÕ(Ü÷ÜÒå²ÎËï�Î�Õ(ÜÒØÆÐÒÎ*Ó�Ñ�ï·ÜÒå²Î�ÏÆÐÒÎ�ÛÆÎ­ÿÙÖ²Î�ÛÉØ²Ö%Ø²ÓÔØÙÕ�Ú�ÓÔÑ#Ø²ÖÙÛÆÓ÷á�Ø²ÓàÜ÷ó�Î�áêÑ%ÛÆÎ*Ú Î�Û¦Õ�ÖÙÛÉÜÔÐ"Õ�Þ Ö²Þ Ö²ë
Û²Õ(Ü"ÕÁÝ*Ñ�ÐÔÐÒÎ*ÓÔÏ�Ñ#ÖÙÛÆÞ Ö²ëÁÜÒÑÁÜÒå²Î*áyá�Ø²ÓàÜæó�Î�Ý*Ñ#Ú Ú Î*Ý­ÜÒÎ�Û�ð���Ñ�ÐÒÎ*Ñ(î�Î­Ð�í�Ø²Ö²Ú Þ ��Î�Ý*Ñ#Ö%î�Î*ÖlÜÒÞ Ñ#ÖÙÕ�Ú¡ÓàßÆÓàÜÒÎ*áêÓæØ²ÓÔÞ Ö²ëêî%Þ ÛÆÎ*ÑÁÝ�Õ�áêÎ­Ð"Õ�Ó*íÙÑ#ØÆÐ
ÓàßÆÓàÜÒÎ*áyÞ ÓæÖ²Ñ�ÜèÚ Þ áêÞ ÜÒÎ�Û¢ólß¢î%Þ ÛÆÎ*ÑÁÝ�Õ�áêÎ­Ð"Õ�Õ�Ö²ë#Ú Î*Ó*ð����ÆÏ�Î­ÐÒÞ áêÎ*ÖlÜ"Õ�Ú�ÐÒÎ*ÓÔØ²Ú ÜÒÓæÓÔå²Ñ�ã£ÜÒå²Î÷î#Õ�Ú Þ ÛÆÞ Üùß¢Ñ�ï�ÜÒå²Î�ÏÆÐÒÑ#Ï�Ñ#ÓÔÎ�Û�ÓàßÆÓàÜÒÎ*á°ð
�
	���
�����������ÓÔÎ*Ý*ØÆÐÒÞ Üùß¢Õ�ÖÙÛ¢ÓÒÕ(ï�Î­Üùß¢áêÑ#Ö²Þ ÜÒÑ�ÐÒÞ Ö²ë�ÓàßÆÓàÜÒÎ*á°í%Ø²Ö%Ø²ÓÔØÙÕ�Ú�ÓÔÑ#Ø²ÖÙÛÆÓ*íÆåÙÕ�é�Õ(Ð"ÛÆÑ#Ø²ÓæÓÔÞ ÜÒØÙÕ(ÜÒÞ Ñ#Ö²Ó*í²ÓÔÑ#Ø²ÖÙÛçÎ*Ö%î%Þ ÐÒÑ#Ö²áêÎ*ÖlÜ�í

áêÞ Ý­ÐÒÑ#Ï²å²Ñ#Ö²Î�Õ(ÐÔÐ"Õ*ßÆÓ

�������! �"

#%$'&)(+*+,.-
/
0)1+2435(+6+798;:=<)/;>=?A@;*+,�<CB
8ED+F9G;H)I
/
0
J%K)L.-
/EM+N.OE0%P
Q)RTSVU)W.8XQ)R+#
$=Y9Z[/=B%8X\C]%O;#%$�3;K)LTSVU)^�_a`;7cbAGVP+<%dC8
O
<)/Ee%fgSVF
0%P9h5O%i9jk@E0A@+O'Y%35(+6+798EFCl+OEm+&
(TG+SVUn>=?A@;*+,�<CB%8ED'o'F)/)0
JA]Epq-
/
0AO;e%f
7
8Vr.s+-%t'u+v
wCOAbAG[/E0%Pne%fgSVF+Y9hAjxYCO;y+zTG+S
UAta{C|+798CbAGVP+<%dC8ED5}+~=�%<C-
/.bEO%i9jk@;#%$'&
(+*+,43V�q�'U)/c�k�%OE0)1+2=�+�%Y9Z[/c�k�=�%d)@E�A@
W
0C/)�Aoc_x/)���k�'0.35�.`4S[/n�.`4SVF
0.35�=�+�%�CO;�
��� �=�=OE�)��_[O)F+l'�5{+|'748 × ���x�)0
��`'�
�)�=� â
3X�C�C7c8
D%bCbE<=- í b
O
�T�[�+0AP'/c�[�C�%<=@)W) .Y
¡%¢ @AbAGVP
£4bE�'F�bAG5O
¤+¥.¦E<CB%8�Gk§.Hn/=bEOE0.3
¨'©Cª.�;«4HC8CbAGV<)/;�=�+�%�CO;� � �%��3;�.vcjEGk§.H

¬;­n®X¯X°n±X²X³
´Xµ·¶A¸k¹aº5»)¼  ¾½à ¾½à 
¬¿¬ ­n®X¯X°n±X²X³
´XµÁÀ;ÂXÃEÄXÀ+ÅaÆ5Ç +È½ÊÉ� ¾½ÌË
¬¿¬¿¬;ÍnÎX¯X°nÏ;Ð5ÑnÒÔÓ�Õ×Ö�Ø�Ù
¬;ÚÜÛ�ÝßÞáàãâåäåÛkæÊàãÛãçãèêéìëìí Þ � Ø âåí äåàãâåäîÞáàãÛ Ù äåâðïãà ��� �ßñáò(�% ¾½à ¾½à ��ôóîõ ä ½
ö � à ��� Ù èìçã÷�çãøùÞ

¬¿¬ ÚÜÛ�ÝßÞáàãâåäåÛÔæÊàãÛãçãèêéìëìí Þ � Ø âåí äåàãâåä�ÞáàãÛ Ù äåâðïãà ��� �ßñáò(�
+È½ÊÉ� ¾½ÌË
Ú �ßõ í �ãúò� é ��� Ù � ÷ ò(�

¬¿¬¿¬EÓ�Õ×Ö�Ø�Ù ��û Ø�Ù
, Õ äåâåäåí ÝôäåÛ Ø äåü�éìä õ ø�äåë  ­���%+�.�.�$�/

U)W.8ED
bnO=i4jx@n���x�E#=$'/��%o9_�/�ý+�)0%�=iE�)U
/Ü� �þ� �

��35�+ÿTSni9jEGk§.H
U)W.8����AO+�)�'�%�+�+-
/��.d��[K
� U
	���
.B%8ED��Ü�A-
/X�.`4SVF)W+W��[�%YCOEýC�'0.3��
l
]��TSVU��+W=U)/��%O
]��TSVF
ýC�'0AO���35�.`;798
�)�
�=���êF4GXH
IE/��C§'�����! #"%$&�!'#")(ß/+t4j*�î�%-E/�++�=@n0�3
�Al
]��TSVU��+W=U)/��%O,+C�'0�G5O�-=�.3;��.�S[/��%OE�
.�/�0.�%i
�'U
ýC�'0.35�.`;798�G[W jk�)�'�%�'<CB%81�ìF
GXH
IE/��C§'���2'#"%$43#"&(�D
m�5�O*6;¥*7+-E/�W8�k�=Y+O,9;:5�
K,<43a�.�)U�=�>�?�@q3�A�@gj�9;:5�
Q
R�=�>�?B�4C Õ�Ø²ÓÔÓÔÞ Õ�Ö
��Þ �%ÜÒØÆÐÒÎk��Ñ%ÛÆÎ*Ú�í C �'� (;@qhX3a�.�)U
/�],��SaFEý+�)0%On\
D 3E=�>�?�@+798V>=?%PCB%8
O'<)/nýC�'0AO,>*F�6+3��AlHG
l)U��CY+@ � �%I'@qZV@nW,IKJ4S�LaP+BC8nDNM�5�O*6;¥*7+-E/
+C�%@E0.3PO�QTS5@ � �AI+@4ZR-%/+o'F)/��%O,+C�'0.3n/TS
U F�VA¦�W�>*F�6+3V�q�'U�=�>�?�@TS5@ � �AI+@4Z5@
W=D%S
Y9S5@'P9Z[/n�=�+�%�C���+W=U�+C�'0�G5-,X�Y) �Y%3PZ.l%8
O+-E�C�%��[TS[W�\�].<CB%8ED
XErC/ })�)�A�E�
�C�)-n/^����_cGa-P`A�
UE/x�A`.S[FEW
�
���
0=-��=lPZAlP-A�n/)���CO;�)�A3Pa�b[UE/ �g���
0A3a�A`
7q8'b=G53dcx�9G)S[UEWA8;D�egf hji4ka-n/��)�A�E�
�C�)O;&E(�l
�*mC3on�S[UEWA8;DCoP-C/gp)¥Kq�r�s,tC¦�u U ¥%3[���
UE/��
�)�C�'O51)2+0A35�)�E7q8;DX�)�cS[FPvC�E#C$%3a|CW+UE/ 0nJ
OXr�sC3�w=]E748nD50EJ.OXr�sHw=]=��xX748EuH?zyd{^|C�)-n/

}�~������#���������������#�����������P���� �����g���4���



���

Estimation of sound direction

maxijLxl( ij  > a

Yes

Microphone
Array

A/D converter
(Measurement of sound environment)

No

Classification of detected sounds

Endmaxi( i+ i) > b

using their power

Calculation of the features of past and
current sounds in each class

Calculation of the similarities αi, βi
between past and current sounds

End

Yes

No

Usual sound

Unusual sound
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maxi( i+ i) > c End
No

Calculation of the following two features of
detected source and past sources in data base

Eigenvector corresponding to the absolute
    maximum eigenvalue of the matrix Lxl

    = [Lxl(θij)]

Mean value of Lxl(θij) for i, j = 1,2,...,P

Calculation of the similarities γi and ηi
between past and detected sources

Yes

End

Unusual source
direction

Usual source
direction
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