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Abstract Infrasound signal detection is a major procedure in events monitoring, The commonly used STA/LTA (Short

Term Average to Long Term Average) and PMCC (the Progressive Multiple Cross-Correlation) methods have too many

false detections. So, a algorithm based on TFSES (the Time-Frequency domain Signal Energy Statistic) is proposed

according to the distribution difference between the target infrasound signal and the noise in the frequency domain.

Firstly, the narrow band frequency division method is used to transform the waveform into the Time-Frequency domain.

Then, calculate the ratio of local average energy to that of the global. The signal is detected at the grid while the

ratio is greater than the threshold. The method is tested by using the actual monitoring data from the International

Monitoring System infrasound stations, and the experimental results are compared with PMCC. It is obvious that the

TFSES method in this paper has a good performance in weak infrasound signal detection, can remarkably reduce the

amount of false detections.
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BAB:BC × Ó Ç IBDBE ÒB�BFBGBH Ø

C�J�KõÛ<IKJõ×õÓKLKMõÒK�KFKN�I�� �KO ×õÓ�	

BAB: LBPBQBF 4 6 È<RBSBT ü ëBUBSBT üBVXW
STA/LTA (Short Term Average/Long Term Average)

H�Y�,�Z�P2� STA/LTA L�P2�2��[�\2	2
�T ü�]^�_ TÏüÏý � V5W Ø � 	2
�`�a _�b�c 9ÏÓ�d�T�`e SøØ ×øÓ�	�
�A�:øý�f�`�a��gY�,�Z�P�4�6�hÉ×�ij�k Y�,�Z�L�P PMCC[9−10] (The Progressive Multi-

ple Cross-Correlation) Û[Ô�l�l�m�,�n�P [11] ûÉØ<;
� PMCC L�P�o�\�pÉÖ�q�rÉØsQ�F�N�I�t�.É×ÉÓ��
��u�t�v*�*�*�*	*
�w���,�Z�x Ø<y29ÏÓ�u�w���,
Z�xøÒ�z�{�|���	�
�A�:øØ ë STA/LTA L�P�,KW÷Ø
PMCC w���`�}ÉÒ�	�
�A�:�xÉýÉØ�~ 80% ����A�:��� Ö�����	�
��� WB6B�BQ ò LBP , × Ó 	 
BAB: L MB� ,
ÒB�B� Ø<�B�B�B� 3B[B\BS Í 0 	 
 ý �B� <BP
TFSES (The Time-Frequency domain Signal Energy

Statistic),
B���� 3ÉùÉú���������D�E�L�PÉØ����É×

Ó��������øÛ L�*��øë � ê���<��ÉØ ,�����` e ×øÓ
	�
�A�: Î Ò�t�SøØ æ Ð 3ø×øÓ�	�
���A Î � Ö á��
TFSES A�:�L�PÉÒ�����xÉØ<�S������3�
�\� �8É×
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1 �¡ ¡¢¡£
1.1 ¤�¥�¦�§�¨�©�ª�«�¬

S Í J�K�C�.�����FøÒ�	�
�J�K�L�PøØ �����K­
.�®�S��*	*
*��/�®�S�� ë Í Î 0ÏÒ�¯Ïê Ø[ý�°2,
/�®�S Í T*M*��±�²*	2
ÏÒ ý ��³�´ Û Í�µ�¶5· Û
��¸�S��øÛg¹�vøÔ����øÒ�S���*�ºøû��gS Í J�K�4�6» x*H�¼ » x�6�½*L�P Ø » x2L�P*426�R�S�¾5¿ÁÀÂ

STFT[12](Short-time Fourier Transform) ÛÄÃÉÔ�ÀÂ Û S À Â Ø=¼ » x�L�P�4�6 Wigner-Ville J�Å [13]

E�Æ�|�J�ÅÉÛ Choi-Williams J�Å��
STFT C2"2#Ç¼�T�È2	2
�p�q�rÉo�\ Ò2L�P Ø

STFT Ê�2�S��2	2
���S���Ë Ø<y�Ì�Í�Î�S���Ë21
Fourier À Â ØÄÏ�Ð���	�
ÉÒ�R�S�Ñ�� 	�
 s (t) Ò�R
S�¾���Ò�À Â .�Ó�P�ÔÉÖÉÈ

s(ω, τ)

∫

∞

−∞

s(t)g(ω − τ)eiωtdt, (1)

2 STFT Ò�Õ�Ö�T*L*��Ð*��S Í M � 	*
Ïý �
Ò�J�ÅøØ ÕøÖ STFT S Í Ñ�� W Ñ�×�Ø u�Ù�Ú Fourier

À Â ÒÏý ��Û�Ü Ò�ÝÏä*	*
 Ø<;�w�� ý � � Ü ÒßÞ
,�Z�àÉÇ���á�âÉØT	�
ÉÒ�ã Î Ñ�ä ´ [14] Ï�C�;åÞæ,
Z�àÏÇÏÒ Fourier À Â �5W Ñ ��ç�S���è�é ωt (t =

1, · · · , N), ;åÞæ,�Z�àÉÇ�P�ÔÉÖÉÈ
Rω(m) = E[ω(n)ω(n + m)], (2)

; � Ø m = 0, 1, · · · , N − 1 �<ã Î Ñ�ä ´ +�C*.��
��( Ò�À Â Ø[ý�°Éê�¯2	2
 Ò � <�z�x Ø<w���q�r
Ò�ë�\2�<ì 1 Ö�í�î2.2
 é ê þ ÿ × Ó2	2
 Ò�S Í
ã Î Ñ�ïøØ ����ð���ñ�ò�ó�ô�õ�ö�÷�ø�ù�ú�û�ü�ýgþ

ÿ
1 2011/9/2913:16(UTC) ����������������	���
�����
���� ÿ������ 	��

 I34MN ��� (47.8017N, 106.4101E) ������������������� 902 km �
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0.2∼9 Hz ��������ø�	�
�����ý���	�
���������þ
0.2∼2 Hz, ñ�ò� �!�ù�"�#�$�þ 14:04:10∼14:10 %

�ßú'&'(')'*'+ßùßú'�',ßø'-'�'.'/'0
1 [15−16], +323435�63�3�373�ÉñÉò3&3(8��93:3;
��ø 1�< )�*�=�> [17], ?�@�A���B�2�4�C�D�ø���ú
&�(�����E�F�õ�G�H�%��I�IJ�KIL�M�øI;��I�I��NO �QP�R�;���5QS�T�U�;���5QV�;���%QS�T�U�;���+WYXIZI[ &IVI\I]I^�øI I!IR�øI_<úI;I��ý3�Y`�úa�b

0.2 Hz, c�;���d�e�#�$�f�g�h�i�þ�jlk�m����
J�K�n���o�;�p�q�ý�r�s�V�t�u�v 4 m/s ù�ý�J�Kw�x ;���6�y�z�{�|�u�ý��I��ñ�ò�}I~I��þI� w�x
;�����%

��� ��������ø�����������������9I:�PIR�;
� [18], c�����ø�����R�����þ�2�4�ñ�ò�ø���ú�&�(
������������������/��I�I��øI����úI���I�I���� ý���þ¡ ¡�¡��ú¡�¢f£�¡/¢�£�¡��ø¡� �¡¤¡¥ b¡¦ ý
E¡�¡§¡¨¡�¡�¡�¡%ª©¡�¡��ñ�ò¡«¢¬�ýªS¡T�U¡;¡��©¡�
V¡;¡��ø¡��÷¢�£�¡­¡v�ñ�ò¡��÷�ý�®�þ¡¯ 1 ú¡�¢f£�
��ö¡��ø¡	¡
¡%ª°¡±�ýgþ�ù�ú¡²¡"¡³�´¡µ�ú¡�¢f�E¡F
�¡,�ýª�¡��ö¡¶¡·¡2¡§¡¨¡�¡;¡�¡����ú¡��ýª�¡¸� ¡�¹ ú���f=ñ�ò�ö ¥ ��º�%�» 2

¥ þ�� w�x ;���¼�½¾ L�M�ø�����ñ�ò�ý�¿�/I��ú�&I(��I�IÀ��I��ñ�òÁ�w�x ;�����������Â�ý�»Ã��7I���IÄ ¥�Å vIÆ�ÇÈ�É�Ê�Ë�È�Ì�Í�É�È ø I31KZ J�K�L�M�ø 2010 Î 7Ï
5 ÐÑC¡D�ýÒN¡Ó�ø¡�¡��ñ�ò¡Ô¡Õ ¥ 22:32(UTC), úa _�v 1.5 Hz ù�ý w�x ;���©�ñ�ò�	�
���Ö�«�s�ý×�Ø J���Ä���Ù�Ú�» 10 %

ÿ
2 I31KZ ��� H1 Û��ÝÜÝÞ�	��Ýß��ÝàÝá

1.2 â�ã�ä�å�æ�ç�è�é�ê
�I�ICID�ù�úI�I,I©I� � �I��ù�ý<þ�ùI"�üI�ë�ì
Ricker

Ø ��5 Buttworth
Ø ��5���í Ø ��5�îï Ø � ¤¡¥¡ð¡ñ C¡%ª�¢� ýª�¡í Ø ��+¡���¡C¡D�&¡(

��ò�/ Ø ��0 1 ýóB�v�_�ô�ú�©�õ�ô�ú���¨ ¥ f1 ³
fh ø�(�ö���í Ø ��ø�÷�ø�ù ¥ �

bp(t) =
1

πt
(sin 2πfht − sin 2πf1t) . (3)

ÀI�I�I7I�ICIDIEIFI­I�I��ú�ý��I/I�Ií Ø �
����«�.�ú���ø���Ä�CID�%�íIúI��ûI��ü�ù ð fY´
µ�ú���ñ�ò�y�ý�	�
�6�y�©�B�.�ú�����ü�ù�þ w�x
;���ø�y�ý�	�
�0�¬=ý��I��¬YÿIu�v���ü��Yÿ�ø�ù
ú�����C�þ�����ù�ú���������óÃ¬�	�ý��I±Ã¬�ÿ ¤¥�
 ü�ñ�ò�ø��¡D¡%ª�¡��ñ�ò¡�¡��÷�ú¡�¡5 ù�ú��¡�
 +�¿�/ TFSES ����ø���������%

B¡v¡ ¡!¡7¡�¡����ý �¡�¡J¡K¡L¡M�ø¡�¡�¡+¡J¡Kw¡x ;¡��ýª�¡��ñ�ò�þ�����ù¡"������ ó¢¬�ö���%��
ü���!�����ø���
���í�����Ä�C�D x(t)

W ù�"�þ�Ö
����ø�����ñ�ò s(t) ³� �!�;�� n(t) "�z��

x(t) = s(t) + n(t). (4)

í���ø�ú a�# .�#�$ ¥ 0 ∼ M Hz, s(t) ø�ú a
#�$ ¥ f0 ∼ f1 Hz, $ x(t) ø�ú a #�$&%�'���(�;
��ú a #�$�³�����ñ�ò s(t) ø�ú a #�$�%���¿�/��
í�����ø�����ý�����÷ ¥ M/N Hz ø 1�) ­������* ý�À x(t) ��+ ¥ ��! N ��ú�� Ø ñ C��

x(t) = x1(t) + x2(t) + · · · + xN (t). (5)

ú���C N ��,�v�ú���-�� M .�ú a ����/�01 ÖI%�BIv�2 Ø ñ C�ý3"�4�5�ùIyIýI©Iþ�ùIyIýÃ¬ñ C��

Xl(t) =

1

Ts

√

∫ t0+Ts

t0

x2
l (t)dt

1

Tn

√

∫ t0

t0−Tm

x2
l (t)dt

, (6)

����ý 1 6 l 6 N , ù ð þ�Ö T = Ts + Tn, Ts +�ñ�òð þ�ý Tn +�;��
ð þ�ý 1�6�7�8 ¾ � Tn � Ts, t0¥ ����;�� ð ©�ñ�ò ð ø���9�ù�:�ý3;�» 3 ��<�ý= ;¡� ð ©�ñ�ò ð  ��¡!�ù�ýªù (6) �£� Ø ©¡��>�ø

t0 ��ÿ�´�µ�%<þ�������?���ø�@�A * ù�ý s(t) = 0,

x(t) = n(t), Xl(t) ≈ 1. B Ø ñ C Xl(t) "�4�B�ÿ
ñ

C��
Xl(t) =

{

1, Xl(t) > L,

0, Xl(t) < L,
(7)

����ý L +�
��C��ÿ�ýED�D���F���ü�% Xl(t) u�v L

ù�ý3G ¥ c�ú�� Ø ñ C�N�Ó�����ñ�ò�%�B x(t) "�4
³ ñ C��

X(t) =

N
∑

l=1

Xl(t). (8)

X(t) H�I�õ¡�¡Ä ñ C x(t) �£�¡	¡N¡Ó�ø¡�¡��ñ
ò�ø�ú a ³¡��÷�ñ�J�ý s X(t)/N u¡v�K¡ü�ñ�ò¡
¡�
��ÿ�ù�ý3$�G ¥ x(t) N�Ó�����ñ�ò�%
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1.3 ��ã�ä�å���ç�è�é�ê
	�
 Â�������½�7���ø�����=�>�+�n�
��I��7

��J���%�����7���J�� 1�6 W RI	 1�� ø × ��@�A*���� ) z�ý���� 1 ü����I����þ����YC��IyI���� f£%ªs¡J����! 	 �¡v¡�¡�¡��@�� 
 Â�ù�ý�G ¥ �
ø�J���ø������ ¥ y�"I��% þ��I��@�A *�#�$ Ö��
.�#�$�f=ý�������%�ú��I��J���ù�&I��'��Iq�ø�@
A * (

Ø J ) L�M���ý�´�µ Ø J�L�M�ø�����ñ�ò����
ö¡��ø�ù¡"¡©¡Ä�(¡«�)¡R¡j����¡#¢$ ø¡S¡T¡U�*�0¡5
²¡T�+�,¡5ªT�+�-�.¡��/�0�ø�1�ò�ý «¡B¡v�&�)�2�ø
����1�ò�����3�v�����;I��ý32 Ø JIL�MI;��I´I�
�¡«�)¡R�4�5�6�7¡«�)¡%ªD¡±�ýª�¡��8¡��9¡B¡7��¡J
��ø�����
���û���%

8�� Ø J�C ¥ K ø�J���ýó����` Ø J ¥�: ��ý
n�
�;�<�=�>�?�@�A�ý x B ¥�C P��ED=ý�F�GED ¥
F�j y B ¥ ��P��HD�ýIF�JHD ¥ F�j z B ¥ õ 1 ý�D
- ¥ F�% ��8 Ø J k ø�?�@ ¥ Ak(xk, yk, zk), �����
��K¡J��¡� Å > ϕ, ��K�> ¥ θ, ;¡» 4 ��<�ý $¡�¡�
��%�ú���` Ø J�ù�ø�����"�� 1 ¥ �

x sin ϕ + y cosϕ + z cos θ = 0. (9)

�I���IEI��DY+I����"�øI�IPI��DY%3DID��I�
y�"�ø 
 Â�L�ù�ý�±�ù Ø J Ak(xk , yk, zk) ������"
ø 
 Â ñ C��

dk =
xk sin ϕ + yk cosϕ + zk cos θ√

1 + cos2 θ
. (10)

s dk > 0 ù�ý ÷¢� Ø J k þ¡����"�ø��¡��ýNM¡�
��"�O���ø���` Ø J�ý���P���ø Ø J Ak(xk, yk, zk),Ø J�"�Q�R�ù�" ¥ �

tk =
dk

v
, (11)

����ý v
¥ ����@�S�t�Ö�% H�0�ý = dk < 0, $�÷��Ø J k þ�����"�ø�P�T�ýUM�����"�O���ø Ø J k;

=

dk = 0, V�� Ø J k ©���` Ø J�þ�µ 1 ������"�-�ý
M�����"�µ�ù���ø���` Ø J�³ Ø J k %

B�v�N�ÓI����1�ò�ø�C�D�L�M yk(t), W�X Ø J
k ©Ã�Y` Ø JI"�ø�1�ò�Q�R�ý�À�2 Ø JILIMICID�YZ ����` Ø J�[���y�ý�ý�\���1I;�¬Y|���øIJ���]¦ C�D [19]:

x(t)
1

K

K
∑

k=1

yk(t + tk). (12)

BIvI�I��1�òI
I�I����ý���OI´I	I·IüI+�^I�
�¡��1�ò�_¡ø¡7¡�¡J��¡%`M�a¡��1�ò�ý`b¡��	¡°�1�ò
	¡
�7¡�¡~¡��þ w¡x ;¡�¢� ýª��1�ò��¡ø�ù�:¡5c1�òd � Å ��b�F�+�1�ò�
�������+�,�ø�e�f�%

ÿ
4 g�������	������ ÿ

�I� d íIò Å vI2I÷�4IuIT�hÃ�Áý���ikjml�n
� Å %�°�±�ý�� Å > ϕ o�v 0◦ ∼ 360◦, ��K�> θ .
c�o�v 0◦ ∼ 90◦ %�� ∆ϕ ³ ∆θ ��¨ ¥ � Å > ϕ ³
��K�> θ ø�p��¡|¡
 � Å ý d¡� Å�q�r ý "¡n¡J���ø
7���1�ò���� {xi,j(t)}:

xi,j(t) =
1

K

K
∑

k=1

yk

(

t + ti,jk

)

, (13)

����ý ti,j +�À�� Å > ϕi = i∆ϕ ³���K�> θj = j∆θs �Iù (10) ³Iù (11) �IûI��ø�1�ò�Q�ùI%�BIv��
� xi,j(t) a�/�ù (6) "�4�1�;�¬ ñ C X i,j(t), ���
1�;�¬ ¥ ù (6) t�u�v 1, ¬�ö�1�;�¬ ñ C�w�ÿ�ý�s
MAX{MAX(X i,j)} > M ù�ý G ¥ J���þ�K¡ü�ù¡"¡>
f£�¡	¡7¡�¡��õ¡�¡��1�ò¡% M +�D¡D¡��F¡�¡ü�ø¡J
��1�ò�
��C��ÿ�%3��ü��

XI,J = MAX{MAX(X i,j)}, (14)

�
XI,J > M, (15)

$�«�.�ø ϕI = Iϕ ³ θJ = J∆θ M ¥ ������1�ò��
K�ø�� Å >�³���K�> [20] %�B�v�«�.�ø XI,J(t) a�/� í���1�ò�
���û���ý�E 1�x ·Iü 
 ¨�1�ò�[�·Iü
��ù�%
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2 �������
2.1 ������	�
���ç�è

2009/11/28 07:20:37(UTC), þ¡Æ¡Ç È¡É¡Ê Kara-

Zhyra ��
����IEIF�� 1 �I¿�������ý�����aI/��
54193 kg ��� ý���� Å v (50.018323◦N, 78.726551◦E),

d¡e¡C 10 ���¡G�!�"¡³���� )�� B¡c��¡½¡E¡F��¡�
,�¬�B�%�����7���A�� IMS [21] (International Moni-

toring Centre) � ��! ¥ I46RU ø¡�¡�¡J¡K¡L¡M¡���
c�����½�]�^�ø�����1"!�% I46RU ����7���J�K Å

v�#�$ É�% ��&�' (53.948◦N, 84.819◦E),
W

4 �¡7¡�Ø J ) z�( 
 ��) d b 608 km %l» 5 -�» ¥ I46RU

J�K�L�M�C�D�� 0.5∼2 Hz ����*���Ä�(ó����,�·�ü
I46RU J�K�+�L�M�� 6 ������1�!�(3����@�L ¥ I1

Õ I6, 2�1�!¡��,�;¡÷ 1 ��<¡% �¢� I1 1�!�-¡_�.¡�
��,¡´��£��( a¡/ 2∼5 Hz õ�.¡�¡��,¡�¡� 
 1�!�%

/
5 TFSES 0212324��ÝÞÝàÝá2576 /28 0.5∼2 Hz 9:2;2:2<2=2>2?7@ /28

Xl(t) A2B2C2D2EÝß2F2G7H @ 5
Ts

8
8 s,Tn

8
600 s, B2I2J2K2B2L 8 3 s, A 0.05∼

4.95 Hz M2N2O257PÝß 48 Q2R2S 0.1 Hz 9 : C2R257T
C2R23242U2V2W2X L

8
1.25; Y /28 X(t)/N , Z\[

X2]2^ 0.5 U2_ 8 02123242G
» 5 �£5 ¾ �¡¨ ¥ 07:46∼08:00 ,¡"¡>¢f TFSES`�a , Xl(t) ³ X(t)/N �I�I%�bdcfe�(�- 07:49:30∼

07:55:30 0¡"¡i�-�g�h�1�!�i 1�! I1 ��,�- 07:49:30∼
07:50:00, I6 ��,�- 07:55:00∼07:55:30, ©¡��� 7�8�j
d¡«�k�i TFSES l�m�n�o�p�q `�a�r � I1, I4, I5, I6

s�t g�h�u�!�(�v I3 n�w�x�i�y�z�{�|�}�~�����*
PMCC

`�a ,�(���� 6 ����(�� `�a�r I4, I5, I6 �t u���i���� PMCC
`�a ,������ 3

t������ ,��a���� p�����������*�g�h�u���(���u�� I1 � I3 �� t������� �¡�¢�£ u����"¤��"¥�¦�§"¨�© PMCCª�«�¬�­ i¯® ª�«�°�±�²´³ n�o�µ r ¦ TFSES l�m
��®�¶�·´¸�¹ � r ��¤���º�» I1 u���¦�¼´½�¾�l�m¿ ·�u�� ª�«�À�Á�Â ����Ã�����Ä�Å´¸ TFSES

ª�«
}�~�Æ�Ç�È�É�Ê�Ë�Ì�{�|�¦�Í�u���Î�Ï�Ð�� I2 u��
Î�¦�É�Ê�Ë�Ì�{�|´¸�����Ñ�Ò�Æ I1 u���¦�Ó�Ô�É�Ê
Ë�Ì�¶�·�Õ�Ö�����Ä�×�Ø�¦Ù®���Ú�¥�Æ TFSES

ª�«
����¦�Û�}�~´Ü�Ý�É�Ê�¶�·�¦�Þ���ß�à�á�â�ã�ä�Ã

å
6 I46RU æ2ç 07:36∼08:00 è2é2ê PMCC ëì2í2î2ï7ð2ñ2ò2ó

I4, II5, I6 ô2õ2ö2é2÷2ø2ù2ú2ûü
0.7,
ò2ó

I2 õ2ö2é2÷2ø2ù2ú2ý2û2þ2ÿ 0.4, � ü��� ë ì���� 0.5 � PMCC ë ì2ò2ó è�� 45 s,

è�����	2è�
 3 s �
2.2 �
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�

� ×"� «���� ¸ I32KE
¿ · ��� ( Ð"�� �!�"#%$'&

) ( 2010 ) 7 * 2 +  �¡ » ¿ ·�{�| � p�� ²
Ö�,"»"Ë"Ì"¶"·"¦.-"~ PMCC / TFSES 0�1"l"m2'3 ² ³ ª�« Ã � 7 4 00:30∼03:50

¿ ·�{�| PMCCª�«�°�± ¦65�w
7��
8
9
0 t
: Ä ¿ ·�u�� ( � 7 l; #
), <�= 9

t ª"«"°"± 5�>�?"w�7�/"Î�@"w�7�8
9A/�Ë�Ì�¶�·ABACAD�¦.EAFA4AGAH ª�« ¦�¾AI�{�|
PMCC »
G ª
J 4 81.8% Ã

K
1 I46RU æ2ç�L�M�N�O ò2ó�P è

æ2ç O2÷ Q�R (◦)
ò2ó�P è (UTC)

ò2ó�S è (s)

I46RU I1 5.4 2009-11-28 07:49:32 1734

I46RU I2 5.4 2009-11-28 07:50:32 1794

I46RU I3 5.4 2009-11-28 07:51:34 1857

I46RU I4 5.4 2009-11-28 07:52:37 1920

I46RU I5 5.4 2009-11-28 07:53:42 1985

I46RU I6 5.4 2009-11-28 07:54:54 2057
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� 8 4 TFSES
ª�«�°�± ¦ � ¸�����p'0 t
: Äª�« u���¦�� r�����	 G
H ª�« ¦ TFSES 
��
(��
 � p"Ö�,"Ë"Ì"¶"·"Õ�Ö"» ¿ ·"� « {"|�Î"¦����

PMCC ����� � p�����»�u�� ª�« �"��¦������ :
Ä�u���»��
8 ª�« ¦������
G
H ª�« u���Ã

å
7 2010/7/2 00:00∼03:50 N�O2ú���� PMCC

ë ì2í2î (1∼3 Hz ��� )

å
8 2010/7/2 00:30∼03:50 N�O2ú�� (1∼3 Hz ��� )

� TFSES ë ì2í2î2ï ë ì�� ú�� å 5 ÷� ��
2.3 !
�
�
�
�
�
�
�
�
�
�
�
�
�
�²#"#$ � « {�|�¦&%'< £ Ë�Ì�¶�·#'#(#)#* ¢ ¿
·�u��#+#,'(�¶�· ¸ » ¿ ·�u�� ª�« �#-�¦ £#.#/ u
� ª�« 
#�#0�~���»#1#2#3�|#��â�Ã I31KZ

� × ¿ ·� �� �¡ » 2010/7/5 21:00∼24:00
¿ ·�{�| � p����

»�Ë�Ì�¶�·�Õ�Ö�v�'�(�)�*�¦ 21:38, 22:32, 22:59 4
Î�5"» ¿ ·"u"��6�7�+�,�("¶"· ¸�¦�� 9( y�8�¸ 0
� ) 4 I31KZ

��� 0 t § �"�"�" "¡ »�>�?"{"|"¦
y"� ¸�� t ¿ ·"u"��9;:�+;,A("Ë�Ì�¶"·d¸�¦ ¸��
21:38 Î�5�u��
B���p�q�w�x�Ã

� 9( < ) 4 TFSES
ª�«�°�± ¦�� t ¿ ·�u���®

Ë�Ì�¶�· ¸ p�q�w#=�¦ v#� r#�#> ¤'G ª u���¦ ª�«
���A,�Ý�Ã�� 10( y ) 4�� � ¿ ·�{�| PMCC

ª�«
°�± ¦ ¾�
������ ª�«�r 21:38 Î�5�u���¦ v�p�? t
G
H ª�« ¦ G ª u���{´½A@�?���� 9 ����» TFSES°�± Ã

å
9 I31KZ N�O2æ2ç�B� �C2æ�L�M2ô�D�E�F�G�O
��H2ú�� (1∼2 Hz ��� ) � TFSES ë ì2íî

( I å ), ë ì�� ú�� å 5 ÷� ��
2.4 �
�
�
�
�
��J�K�L�M

PMCC
ª�« u���»�N�O�P�Q £�R ²�¿ · �
� §�"�"�" "¡ »"{"|"¦�S�T;�"Ý�Î�Ï�U Â"¿ ·�{"|;V

>#W�¦YX ���#Z â�Ý#[#\'0'0#]#^�¦`_#a ���#b »'>
?"��c"�"¦�Í > �"��c"�ed�Ø�»;]�^�{ > � �"� ]
^fd Ø�Î�¦�9'4�¾�Î'@#g b #�h ( ¿ ·�u���Ã2� TF-

SES
ª"« u"��3"|  "¡ u"�"�"¤"»�i�j"¦�Û"� « {

|#k#l#m�¶�·�¦ <���¤#n £ Ö',�»#o�Í�Ñ�Ò ¿ ·�u��
Î�¦ (�u�����¤�w#p'@ J#qfr #�s ��¤#t�Ò�¦Yu
(��
¤�w�p�y
/�Ë�Ì�¶�·
?�v
C
D�Ãxw�y � TFSES

ª�«

�� ¸�¦�u�("â"Ý"{{z »�Î�@;|;} # �"¤�Õ�Ö ½~@
����É�Ê�Ë�Ì�¶�·�Ã

PMCC G ª'J � � �#
#�#�#�#��v R (1) ��®��
¤�w�p�� Â�² u��
/�¶�· 2
3�� ��¦\� 11 4 � × ¿
·"� «���� I32KE

¿ · ��� 2011 )"� « {"|�-"~
PMCC 
�� ª�«�°�±
� _�¦�:
) ª�«�°�± ¸ “N” �
¶�· 30282

t ¦ “I” � ¿ ·�u�� 2473
t Ã���� 11(a)ª�« u���{�� SNR w�p�����¦\��Í�â���w ª�«�°�±

» SNR ��� 1 Ã (2) ��Ê�� ¿ ·�u���»
@���w�p"¦¿ ·�u���»'@ J#qfr ( 0.001∼20 Hz � b ¦��#���#�
»#�#�#8Y�f���#�#8Y�#�#�#�#4 ¿ ·�u��#� � p�â�Ý
»'@ J#�#�#qfr Ã � 11(b) ¸ » ª�« u���{�¤'/#�#�
� �#� ½ ¦ ¿ ·�u����#��¶�· � p�����»'@���¦ < ¸
50% �"y"» “I” �"u"������( 2 Hz �"y�o 65% �
y�» “N” ��¶�·�������� 1 Hz Ã (3) 4� �¤ ª�«�r¿ ·�u���¦ PMCC 
���¡�¢�Æ���¥�»�£����¤d�Ø�á
â���¥ ª�« É�{�Ã ®�� 11(c) ¦�� 11(d) ����µ r�ª« u"�"»�§���£"�"� � {��"� 0.2, ("�"p ª"«"°"±
¸�¦ 53.9% » ª�« u���£���� � {���� 0.5; � “N”

��¶�·�»;£���� � {A( 0.2∼0.7 � b � p��;�;¨�»
w#p�¦Y�#�#©#ª#<������#��� 0.5 » ª�« u��#�#«��
��¥�Ã
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å
10 PMCC ë ì2í2î � I31KZ æ2ç�����C2æ���H2ú�� (1∼2 Hz ��� ),

ò2ó è�� 60 s, è�����	2è�
 3 s �

å
11 PMCC ë ì ô “I” ÷ ò2ó (��� ) � “N” ÷�G�O

( ��� )
� ú
	���� (a) ÿ2ë ì N�O ò2ó ú�
 SNR �����

(b) ÿ2ë ì N�O ò2ó ú�
���������� (c)
ò2ó���� ú�
����� ÷2ø2ù2ú�� ����� � (d) ÿ2ë ì2ò2ó ú�
2÷2ø2ù

ú������
TFSES / PMCC 0�1�
����"� 2�3 ?�@;��V

>�¦ (�u���Î�Ï�Ç���U Â � � »�����<�¦ TFSES �
a�q J�� 2�T� ���§ � @���< X(t) »���a�! Â ¦ �
/�V
>
@���{ N1 v�� ³ o�� PMCC ������"�#�u
� ª�« �%$'& ( � t ��y ��� ]#v ), <(�#a() J /#V
>�@��"{ N2 * �+$,& ]�^"{ C �.- (N2 × C) v
� ³ ¦ ����©�ª�< PMCC

ª�« Î���¡�¢�?
1 �/$0&
]�^�¦~��1 N2 × C / N1 ��Í�¦fÍ �
����� {���?Î�¦ N2 ×C 2��
4 N1 »�{�3�¦�®�O�4�Ä�5�� 3 )J�6 µ�¦.0
1�
���»���a�) J C � § > Ã

TFSES ��P ¿ ·�u���w
@�8 ��7 u���8�9�8;:

U"¶"·"Î"Ï�4.<.=.>�I;����Æ �A� »��@?�¶"·�¦�®
�.�"�"Æ ¿ ·"u"�"»"ÎA@���w"x��;o ° ^�¶�·�@;�
�#� ¿ ·�u��(A(B�»(C#}�¦ 2 �(D��
G'H ª�« ÃFE(GH =.I.J ¿ ·"u"� ¢.K �.L�^"u"��("§ �"�"� » �
Î(M(N ¿ w#p(O�¦ â(P#©#ª#<�¦ ����b » ¿ ·�u�� �
Î'C'(�{(Q#� # o � ² ��¶�·�¦ ((R ���#b § ��S �T ��¦ v � � �(U »'C'D�¦VR ���� �¡ »�¶�·'(�Î#�
R�§�� � ¦ ��� 12 ¸ I31KZ

�
�
H1 8 H2 8 L1

�
� � « {�|�����¦.<´¸�y��
4�8�9
>
?�Ã

å
12 W�X���H���Y�C2æ�Z ì ��H
	��² �\[ S N
t���� » ¿ · � � ¦�� P\8\9 �
 ����� t"�"�"� �"Ë"Ì"¶"· ² u"� ª"«"°"± ».]^ ¦ ((8(9 °�± ¸ ¦ ¾�¶�·�»(_�Ø � �#�
4 1/N Ã ²

����w"u"�.`"�"§d½ @ ¢ >�?"{"|"��c"�"��C"»�©
ª�¦ Ê#� � ���#b u��(:(a�Î b(b ���(c t u��(d(e
Î b ¦Y���#�(f#((8(9#P#Q�¦VI(g#_�a(R ��� {�|�»
Ö#��Ø#�(h'4(i ª�« {�|�¦ � 13 4(8(9�{�|#8 I31H1

/ I31L1 {�|'5 1.5∼4 Hz V'>#W�¦ _#a�» STA/LTA,
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�#��µ r 8(9#W�¦ Ë�Ì�¶�·#'#(��
4�Ö�Ç�¦��(E�Æ t������� Î���¶�· ²�ª�«�°�± »(] ^ ¦ ���'8#� TF-

SES 
���» ª�« ����Ã

å
13 STA/LTA 	�� ï7ò2ó è��2ÿ 2 s, E�F
G�O2è��2ÿ 90 s �

3 ���
O�4	� ² STA/LTA / PMCC 0
1 ¿ ·�u�� ª« 
#��»�ã�ä�¦ � r Æ�â'1�}�~�Î'@#��u�����¤ � _

» ¿ ·�u�� ª�« a#��Ã�
�� °�±#� ½ ¦Y��P(8(9
/'>
?#�#��w'@�¦ S ) K ����Æ �
� Ë�Ì�¶�·�o � Î�¦ °
^�u��
/�¶�·
@ J w�p
C
D�»�C�}�¦
�	� TFSES

�
S �#��» ¿ ·�u�� ª�« ���#��Ú�¥�Æ�� ª'J Ã Ö',�Ë
Ì�¶�·�Õ�Ö�Î'-�~ TFSES 
#���#@���Ú�¥ ¿ ·�u��
G ª'J o Í�Ë�Ì�¶�·#'#(#)#*�Î�¦��	�#^ 
 » ª�« É
{�¦ TFSES ����®���Ë�Ì�¶�· ¸ ª�«���¿ ·	����¦
v ª�« ���',�Ý�¦ Û�Ê#�'>'?��#c���¦ Þ�� 2 â	���� ¾�
���» ª�« ) ± o���� TFSES 
���»���� £ ¿
·���� �(S �#��»'@#��¦Y�(1�¦ ² B
@#��w#p�» ¿ ·
��� ª�« ��-�� ² �
C�Ã
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