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Abstract

We report on the development of a low-cost, portable observation system of infrasound. The

system consists of the nano-resolution pressure transducer Model - B manufactured by Paroscien-

tific Inc., USA and pressure hoses (flexible polyvinyl chloride product) for reducing wind noise. Field

tests were made at Isumi, Japan (IS ), one of the CTBT infrasound monitoring stations. As a result, the

noise level at the frequency range from . to Hz was found to be on the order of Pa when

the wind speed was less than . ms . The wind noise reduction system indicated similar performance

with the stainless pipe array employed in the CTBT monitoring system even in the strong winds reach-

ing . ms . Comparison with the microbarometer Model MB manufactured by Martec Tekelec

Systemes, France in the frequency domain confirmed that the two sensors produce almost identical

spectra above . Hz. The portable system was then installed at the Kurokami-Seto station of Japan

Meteorological Agency near Mt. Sakurajima, which is now exploding frequently at the Showa crator.

Comparison with the microbarograph Model MB (successor of MB ) again confirmed that our

system is able to record the infrasonic signals from volcanic explosions in the wide frequency band up

to Hz.

Takahiko MURAYAMA*, Yuichi IMANISHI**, Shingo WATADA**, Takuma Oi***,

Nobuo ARAI*, Makiko IWAKUNI* and Mami NOGAMI*

Development of a Portable Infrasound Observation System

based on the Nano-Resolution Barometric Transducer
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CTBT infrasound monitoring Network

sive Nuclear Test-Ban Treaty :

CTBT

IS CTBT

IS

IS CTBT

. Hz IS MB

. Pa

km

No. : IS

CTBT

CTBTO PTS

CTBTO Preparatory Commission,

MB MB , Ponceau and Bosca,

kg

Paroscientific

Model - B Barometer

Paroscientific, Inc.,

, hPa
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Model - B Barometer, Model - B Barometer

Paroscientific

Paroscien-

tific Model

- B Barometer - B

S N - B

. MHz
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IIR

Hz

- B

Quartz IIR

Crystal

V

. Hz

Internal Vacuum Pa . kHz

.

Hz . ppm

Temperature Sensor IS
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IS

. Pa

Hedlin et

al., IS CTBT

Inlet

IS WNRS :

Wind Noise Reduction System

MB

m

m

Inlet Ports

Secondary summing

manifold

-*

-

* +

+3/*

,**- -*

-*

/

,***

+2

30

+2

.

.

/

+



� � � � �
� � �

� � � �
� � �
� �

� � � � � � �

� �� �
� � � � �

� � � � �
� �
� � �

� �
� � � �

� �
� �� � �

�
�

� �
� � �

� �

�
� �

� �
� � �

� �
�
�

�
� � � � �

� �
� �

� �
�

�
�

� �
�

� � �
� �

�
�

�

�

�

�

�

� �����	
��

�� � ����	
 �� �����	���� ������

�� ��� !"# ����	���
� ����

$ % ��&�

' �(�)*+ ,-. /0��1
 2+3� 4 5 
 ��)*6/� )� �
�7� /8/  �
 */�� +9)� % �9 % ���! :;+< 6 = :>�
?@: �8A: 9 B:� +7� ��1 2���� % �CD� */0 E

+9 F� 6� !"#:� 
� G�H69 % �-I% �*��	*� 69
/0��� )� +9 ���D� �J�K� � 
L /��MNOPQR ����D�ST=

UA6 $ �% �� �VW0�� X�Y 9 � �� Z� % �CD�� 69 % �
�[� 6\]% #�
^/0 � B� $ 6_ I � 
 `�a��b#!
cA d�)
% � 
 e 6 f/�>�+7� % � *�?�*Lg +hUW0��>�* ��b#

i /�j 
 6k� )�% �9 &5 !
 ��)**/� :l % �CD��Y �
5 � $mn�++30lA 69 � o� *% �� B 9 � �� p6qr
� s:t�udVW0��)*8V 6 v 0 w��)**/� &6 ���H� x */0

���	
 y��* �z{�, +3� Z� | 9 % �CD�� :;� } I 6?~0 VB
m� 8V� 6�G�)*� + �I� � W�* XW� � ��1� �6:� �7
�+7� )�?@:% �9 � u� ��a % ��� 9/~8A�@)*� +7�
� � � ����6 BW0�� �� /8/ % ��� BW0 Y��*% � � 6
8 �� r �: �+3:v:� �>7��a
)� $ % �
))+� /�����6 �� � 69 x� +7�
)*>� /�� �� ��� :;+�o �6 )�?@6 E GVW� �% �6?� ��1
�� �69 ���:;� ��% �� �ZA
 2����9 $ % ��?@6 � 9:�
�3�)�)*�� BW�)*8V ����+9 � �/�% �CD��o5?A> B:	�1�
�I� �6�v � I �� �: �% � ��1
 2��)*�, BW�

��	8V9 Z�9 
^/
0�� ��N!#+� BW� � !� 9 )��

J��� Z�9 �� 
�~�	  :; +
¡dcA �b�Q6¢ /0�� :l (�F£
8¤( +�	�K¥�¦� *BW�?@:*36
9 §¨6©y�?@6 � !
¡dc�J����
6l�0 ª ��«C ��¬�«C� + 

�~0��

60��� !
 ��a69 J���8V
��	6 / Z�9 ��\��
 < �®
¯6°~0 V:dWf:V:� ��	9 �\��
� VW� �9 �\��¡ F£� 
 /
�\��� VW� �9 X��\��
¡ /�±
² BW�F--³+ 6� !
� �� �
\��
h~� � � !�� BW�!�´�¦I-
³9��	 � �+µZA ¶ · ���¬O #�
�)*9+3:� /��~0 & QOPQ6 ,/0
	�K¥�¦
�@�a69 +9:v �\��

� XW
��	6 � ¬¥¸ 
8d� !�´�
¦
��¬O #�� �7� )� � ¹	�K#
6!���!�K
¤d�)*9J��� +�@�a
J���� �F[
& QOPQ6 �6 ,Bº
X�@g+< �D ¬+	�K¥�¦ »
¼A �?
@6/:dWf:V:�
J���� QOPQ
 �6 ¤ 9�½�½7

� � � � � �

�
�

	 



 � �  � �� � �� �
� � �� ��� �� � �

� �� �  �
� �� ��� � ��

� ��  ! � 
 "  
	 
 � # � $%
$ � 	 
 � & ' (� ) *
+ , # - . /0

� 1 . � # �
� 23 	 45 6� 7 � �8 #
97 : ;� 7	 < = > ? �

@ /0 A B� C D E F
G
 H � > I J K LI �M �


NO P� Q R � ST
U V �WXYZ �� [ \ < � ]^

< M _ �� 8
	 
 � �� � ? ST
` a � * Z� � � � E 

8 :b � 	 
 97
c + > d E

:b e< I > J �  A

f e g
e /0 �

g h3
i ST

j
k5 l

m
n �
o

o 8 p ��f q
o 8 p

� r�� e
8 e

j s
t /

� o
ST 8

j
t _ /

� I q

_ u vw

�

� �

67

CTBT

mm

CTBTO

Inlet

m

IS

mm

mm

Inlet

- B RS- C RS-

- B

P P

P

P

P

P P

OS

OS

+*

+/

0 0 -*

1 +/

+*

,*+*

0*** +0 ,-, .,,

0*** +0

- .

-

.

.

. -

0

1

,

�



� � �
� �

�
� � � �

� �
� � �

�
� � � �
� �

� �
� � � � �

� � �
� � � �

� � � �
� �

� � �
� � �

�
� � � �

� � � �
� �

�
� � �

�� �
� � �

� � � � � � � �
� � �

�
� � �

�
� � �

� �
� � �

�
� � �

�
�

� � � �
� �

�
� � �

� �
� � �

� �� � �
�

�

�

������	


�����

���
� ���

�� � � � � � � 	


�� ��� � ���� ��������� �� ������ ���� ! �"#$#
%&#'( ��)* +, ,-� % ./0'�12 3�4� 5�6 �7��
�8&9:; <=>� ?@A� ;��)�)�� B#� &CDEF�( GH�I 1� JKL�
� MM�( 0:N�12 �� 1 �� O#� PQRA;S< � � TTUV�;

� � PQRA�M�;1� N:.�:K I�7*W �XY @-� M�W
(Z:B[ \];� @-2��8#^��< �( 9O:_�0:N; < 0:N+,�` �
�(O#a ��* �bcDJdc.\]� , e �2 3f %���;g hSYB['i; �

-2�� �12  :�#Cj#'� k � M� I( l ;m ���� �N:
2h< n-� 128&9:� ��M���4 .�:Ko#D�p ���
� ; B#�� @-�qe�\r %;
?1� s ot� � @-��� 8 0:N� k e
&9: ;n-� e �Z#_EF� &CDEF�� 0:N� u \ � v \ww � ; ��
�-x O i/ y#z#� % � 3��M�� <��� {� |�� ;(}� }\]�
�4� s� e �;( 8&9:; @-� ;S� ~ \];S�2 0:N������
J����#D� � J��� ��(�k\� 121w�� a����\�M���� M���

,� ��< ;( s� e 0:N(u 1� ;v �� ���
�� (\� nM� w�( �� �� 6 1�J'�!�( 0:N� ; �@
M�� �\�� M-,�� � ��� � � ���� ��� �� I1 n� �
� Q;(�#b�ot�� �� � � � � ;0:N� rM�;S< 0:N� � a�
�� � ��N:.�:K I B['i��i0' �q
; � �� Q��� � � Q( �
�� ��;(�#b�;8c���2� ��< J'�!�( 0:N� �B�����
� \�;�k2_���:D� ;� 12� �M�+, B#� ;�c.Dc. 8&9:�
� �#�d: l���#b��( � �2�� �c.Dc. 8&9:( � 4r
� @-�S*;\�� M�S*\ ;S< �c��#� �����M�(3 �(\�M�+
,( ( �� 12 � �N:.�:K , �� ��M�;1� \h u 1� ��
o#D �� � 31� n�� N:.�:K ����� � ��12��
o#D� ;  � � ��;���2 � � 8&9:� � �

;' c���M��1� ; � � B#� 8&9:hSY ���./¡o:
�1���( �Xx-� n�¢ � £#'; �� 8&9:( � 4���
� ��C¤o:'i/ci�12 � @-� £#'�( ¥¦���§ ;n�
I@A� �¦ � 1 8&9:� ��p ��� M
M�S*;�'�O a@-� � ¢; ;h� -� ¨��; £#'� ; ¥©� e� w
2 1�ª« ¬ +,� � +�2���4 � ¥©;( �cJ�� � � < 
( � ( O i/ l®;\�M��¯ �}�°\]� 
�£#' ; ��M�� �
@-� �12( � 12��¬ q
� ±l®;\�� s� @-\���
% � ®��M��� ,-�
8&9:� i/ci� i/ci; ¯; ?@ J'�!;� 1�0:N�� � I1��
A�M���4�\, �² ( � �TU�N:. � Iu �¯ 1 ² � ����;
�:K�7*���B#� &CDEF��I ��M C[#�_ �'D� 1� n�³ �l®; �
���� �./0'� 7; @-´; B� 
'�� �µ ;7*��* I( � 0:N�� ¶ � I�u �

\]� O���'i �( 3� 1��� ·���; ¸¹ \� � I1 ;h�2
��< n*1� Q;(���� ! �� ��� �� �� �7�� w� �RA2º#'�
�S�¶» ��� ��kx 1+1 o ;S� � a� ¼½«� ·�� �7��
MM�( �S*;�'�O a@-� �� �� � �l®; �

� � �� ��� 	 
� � � �� ����

� � �� �� � �
� � � �� �  !

" # $% &' (
) * + �

� * , - . -/
) 0 1 2 3

4 56 7 " � 8 .9
:; < , / =

> ?@@A B
C .9 �

# D .9 E F
G 3 " H + IJ K + L8 � M

N � OP � F > Q,R � S
D 3 " /T U! V W X
�� Y ,

Z[ \ D 3 " + L8 + ��
B ) ! ]M)
�� ; ^ �_` a b) c ` c

I def g h � M X, i
j ,

kl m I $ I n
) �� � 4 .9

o Hpq �r s &') )
t B uvn9 	
�w x� Z[ n �h
yz ) g h{ n ) + n9

� � |}nn wM
� �� m �) n wM &~

B F &') `
&~ & ��� 	

� �� &~ � /�
, P �� ��� Bf

� � i &~ G8 > ]
� � nW 3 > � H�� � �

N � �� / �� i
kl� 3D

�- D .9
� OP {

� � # 4 ) �B9 � �
� l + wM , +f � l� �.
&' ( �� � �

� � � �
>D �h , �B9 q B , +f

�) � �   h �wM �
I ) g �

% ¡ {   � g
�¢ ) � /£ �

� � � � � �

�
�

�

�

68

OS

GPS GPS

C

GPS Garmin L

Linux ntpd Garmin L

GPS P

RS- C ms Hz

NMEA

PPS TTL

PPS

USB

Windows OS PPS

FreeBSD Linux mm

FreeBSD

PPS

Linux PPS

- B

: . . PPS

FreeBSD AC

Hz UPS

Hz OS

Linux Linux PPS UPS

LinuxPPS LinuxPPS

Garmin L ntpd

OS

GPS mm

ntpd jitter

Garmin L

PPS

OS

Windows - B

Linux OS IS

OS MB

Imanishi,

Linux

IS

+/

+/

-

+/

,-, +* +**

+

+

+

+*

0*** +0

, 0 -.

,*

+**

+/

+

+*

+/

- +

0*** +0

-*

,***

,**+

-

+ -*

�



�

� �

� � � �
�

� � �
� � �

� 	 
 	 
 � � � � �

� � �
�

� � �
� � �

� � �
� �� � � � �

� � �
� � � �

� � � �
� � � �

�
�

� �
� � � �

� � �
� � � � � �

� � �
� � � �

� � � �
� � �
� � � �

� �

� � �
� � �
� �

�
� �

� �
�

�
� �

�
�

� � �
� �

� � �
���

�� � ����	
 �� �����	���� ������

�� �

��� !� "� 
#$�  %�&'()
* *  +,- %./ 012 34 5678!9:

��;< =>�
��? @A� �� ��B�C

�+� 
DE � FG
 H13� �

 � I�J
KL M%NO P�J�Q

� � R'�STUV
 78!%��	�� ��B WXV
��	� 52 Y! ��B Z���� 
C 3� �[3 ��\���B9] 34�7;^

�_`
: 67 % ��	
 �4 KL M%�Za%+P� 
 78!1b$43cd8
K� 
#$� "� �efg 
� 1h6 � !ij KL &'(�J��STUV
 %k$�l�
�B Z����+ � Z���� Q�mnW 
88%� o1 �� j>�QR'�STUV
�
� �pq1^rs4 t'U�uv�w'�nW�! 1h6
3� Hx� �w'�� =+ ��	+ Z 8��ij � ��B WXV+ %
_`
 "3y6�zd1 w'�1 67l�! 3 %.78! P>z/l{ |9}�
b�l�� ~ �g !3� b� w'� �z� � �c% %+ �67���.78!9�4!
w'� ��	 � 1+���W� ���� � >7 b� z/}{ %QR'9Z�34�7�
�����T� 
 3� + &�(V��V(���U��{ |���%.7
&'(� 1+ Q���
 �� 88%+ 8�zd1� ��B�WXV9 �z/l}�
���	P>�>1� Q���
 3�9 P> { |% �67��
h6��1x�4+�� �9
�>�� &'(
 "67�O1+ 6�4�Q� %.79 ��>134l�  o3� �%�� �
���K¡9H 34�7 9.7 P8% Q��� �B�WXV+ %.78!9C¢=
�K¡ �
=s7�O1 (��	'£'
 ¤� b >7
� (��	'£'1+ % � w'�nW� �_`1x�4

¥¦1 �=s4�7 �Q���
 1w'�nW�
 3�l� !
�� 3b�l� 1x�4 P>�>�QR'
� FG!34 ��	�§ %+��U�� �STUV
 "3� ¨ K © ª
{ |
 678!!b$4�/ 88%+��	� �;^ � "
� 1h6
� 
« 3 1 3� c� 	�m¬� 8��1z7! { | ®M�}{ �%+

{ |+ ! 1 !3� w'�nW�1 3�l�� 9 34�b�l�1
� ¯` �4QR'�STUV�WXV9°=±b$4�78!
"� ¯`ij ji!b$�8!1x�4 ®²1 9ri7 w'�nW�+ �w'�
³ 1´µ

h6 3 P� ij¶�
)/ >4�78!ij ��	
�z�� � 52 Y1x�4 
 ·<1 3 P� ©��
¸ 678!! �

_`9 j>4�7l�!«¹j>7 ��	� º+ª
% !b/ + © [$�8!ij
{� z/l {� z/}{ | % 1
z7��B� Z9� => j>�¯`+8�C !

%.7
®M�8!ij �w'�
 ��w'�nW�+

/� ��B Z_`
 j>78!9: =>
�

! !� "1x�4
»K © ®² 1�¤7 !
�QR'�STUV
 "3� b�

+w'�nW�1 3�l��QR'�STUV%.
7 c� "1¼3 ��	���V(�{ |½
Y
« 1 >� � 1 ��	%  1� =

� � � � � �

�

	 � 
 � �
� � � � � � � � �

� � � �� �� � �
� � �

� � �
� �� � �

� � � � �  
� !" �� � � # �

� 	 � $ � �
� � % � �

& ' � �
	 () *+ , -

. $ / 0
() 1 ,2

1 3� ,
4 � � /

� 4� () , 0 5 6
� 	 � 7 % 8 �

9 67 *+
� �

� � ()
()

� : 	 � ; �< = >
, �� � �< = 	
�� � ? �� , ,8
, �: () � ()

� 	
	 � @ �

AB  
�C� � � �� ; � �D

�
' 
 �< ; =

= E 2 , 2 �
� F � G

H#"
& �

IGJ � � � �

	
K ; �< =

	
()

	 � , L
M ?  � � �

�

�

�

�

� �

�

� �
�

�

69

IS

IS

CTBT IS : IS H - B

- B SN SN

. N, . E, ELEV m

- B

- B

IS

m . . Hz

Pa Hz

Hz

Hz

Linux . Hz

Pa

ntp GPS PPS Pulse Per WNRS

Second FreeBSD - B SN

SN

- B . m

. m

. Hz . Hz

MB Hz

m

- B

m m

. Hz

- B MB

. m - B

MB - B

1 ,

, -

-*

-* /*

,**3 3 ,3 ,**3 ++ +1 /* +**

-* -* + 0*** +0

2 , 0*** +0 +++,..

-/ +2 ,1 3, +.* +2 .3 /. ,* ++/+,3

0*** +0

0*** +0 -

3 ,

-*

. +*

+* * *- * ,

+*

, -

-

- * ,

-

+* +*

0*** +0 ++/+,3

++/+,*

0*** +0 / *

2 * ++

/ / * -

,*** ,*

+*

0*** +0 .

,* /

. * ,/

0*** +0 ,***

* , 0*** +0

,*** 0*** +0

+, +*2

�

�
�

�

�



� �
� � � � �

� �
� � � �

��

� �����	
��

���� ���	 
�� ���� ���� ����� ����

�� !"#$%&'()*+,-)."#/012�34�"#56

7'89:�;<90=>?@ABC D�EFG HI
JKLM N �OPQR;<90 S),�"#TUAVWCX'Y$ Z[\]
=>?@AB^_&XD�]`FX abN FcZ[de�f&ghijkl�mZnokA

pq�^_ ghhrNst"#Auv' w' Qt$

� � � � � �70

IS

. Hz MB - B

-*

* *+ +* ,*** 0*** +0

3

,



�
� �

� � �
� � �

� �
� �

�
�

� �
� � � � � �

� �
� � � � � �

�
� � �

� � � �
� � � � � � �

� � �
� � �

�
� � � � �

� � �

��

�

�

��

�

�

�� � ����	
 �� �����	�����������

����� !" # �$%&����� !"����'�$%&�()*+
�()*+� , ��	#- ��'./����01

�23456789�� �:;<

= � > ? @A ? �
 !" B&�CD� 
EFG�HI#EFGJ
K�HI�$%&�()*+� ,

LM N#G O�B&��PQ ��	RSA�
LTU 
 VWXYJ #K"Z[�\]G�
��UM �� ^ � _� ��	
`

G �23456789�� ���ab�c  Zde
fKghi� !" �������� jk]l� �m �n�G� T� ��o&p�q�rD��#G
s�J-t 
 uKv� wi� e�x 
yX J Cz{��| ����	 }A~���

���� �WW 
 �� u���	M�X�� U Q
� � �� �J�"��	 �����0�1 ��

��HW � 
M����^��� Q�J�"-�U0" �
�23456789�� � � ��a �HW Zd���;�n�����s�J e���<
< �� < �yX < RS�R"Z[� ��'./

�B&�CD�M |#G B&�� �� ¡ ��
��� �D�¢ 
 �J # U£

� � ��� �¤¥G����;��¦¤§
< G� K <¨�M �23�©��2��Wª
�yX e�����;�x M «UyG�¬1U0 A~\;G�®�){�¯�|�89°yQ�J�"

" ��'./ B&�CD�M �� m ��  � �� UM ±²��	� ,³´µ��
abª ¶K�·�¸¹
º!ªX�u#RS A�� J�� u�S���	� ,»¼�s�JM ½

� � � � �

��
� 	 �




� � � � � �

�

 �

� � �

 �

� � � �
� � � �

� � ��
� � � � �

� ��

  ! 


�
� �

"# �
! $ � � �%

�
� � 
 � & ' 
 �
( � � )*+

�

�

�

�

�

� �

71

- B MB

. m . m

WNRS
m

- B

MB

IS

MB CTBT

: D

. N, . E, ELEV . m

- B SN MB

0*** +0 ,***

/ * 2 *
0

0 ,*

- 0*** +0

,**/

-*

,*+* - ,3 ,*++ , , +* ,***

+- +/ +0 +0

-+ -. ,/ +-* ., .. 3, 2 +

0*** +0 ++/+,* ,**/

+. -

+,+*

+-

++ � �



� � �
� �
� � �

� � �
�

� � �
�

�
�

� �
�
�

�
�

�
� �

�
� �

�
� � � �
�
� � � �

� � �
� � � � �
� � � �

� �� �� � �	 �

 �

�
�

�

�

�

��� �� � � 	 
	� � �� �

��� ������ � ��� ���� !"
#$%

�& '()* "+,-��. " /01

23 453 6 78 9 :;�<=>?@A"-��
BB4 ��"C DEF "GHIJK9 ��LM
:N OPQRPS9 :N -�� B6� TPOU7V��. " �W X�<=>
7Y> -" ZF GHIJK"[\N] � ^ �U_3 ���4F `�a�73b " �

c @/0def"ghi jkc� ��. l
mn� "h F o Np �� " qrst�
Auuvkw x� yW �> �23B-cz {6
�
�| }�<=> ~�c <�� �{6>=

3-��F �n�"� F�� 4 ����
r�K�n�P�N 3B-c4�� 4Fr=��
4�n�l c �23B-A5Y�c U�ky�"
F��TPO-"�"�R�� �4��nc ���
���-�v63
+,"[\
+,"[\N �3��� +," �4 ���N�
��� �� F � ¡ ¢ £n��¤ " �
73[\N{_3��� +, "TPOA£n��¤ 
N¥¦�r=/ -� "��. F +," -�
-=@§="¨F ©DE�r37@�C �� ª«
F �¬ -9 :® X � ¯° �<=
> �6±6"²³4��{6��n�´@�N Z�
� % ���LMNµ2 % " F+," �4
��{6� "�¬ % F�6±6"�¶·I�
% U7V F j"�¶·I� +, ¸� N
2 �� " Z% �73- j" F7y
� �>=3c �¶·I�% N¹3- 9
: " º4 +, "�»nc¸�� �>¢
¼�>=3B-cz 4�3 �"¨"½ �U=>A�

� � ��� � �	 
 � � �

� � � � �

� �� � ��

�� � � �
� �

� � � �
� �  � ! �"

# $ � � %
& ' � ( )

* � � +

, -
./ 0

. 12
( 3 �

4 5 6

7 & 8
9 : � � ;*

&
< => � &
8 � >

? @� � AB C
�

9 &
� @

= � &
D � � = �
E
� F & �

+ G

�

� � � � � �

�

72

Hz

- B

Hz Hz - B

MB

GPS

a

b

c

a

b c

Hz

+*

0*** +0

,, +** 0*** +0

,***

-2

.

+**

+1

- 0+.

+/

�



� � �
� � � � � �
� �

� � � � � � � � �
� � �

� � � �
� � � �

� � � � �
� � �

� �
� �

� � �
� � � �

� � �
�

� �
� �

� � � �
�� �

�
� � �

� 	� 
 � �
� � �

� � � � � �
� � �

� � � � �
� � �

� � �
� � � � � �
� �� � � � 


��

�� � ����	
 �� �����	���� ������

�� ���� � !"� � #

$ �%&'()*+,"-) ,�. / 0 !� 
 12�+
34
56+"78*+' 9�:;<=>?@�A -) . / � B0 C�D A
0EF�G H 0I+ J$ 
K12LM A,� B0 "
NO DP��	 �� " �D 
 )*+,"'8-+ Q� -)
� R . / � B0 C�S TAJ$ 
K
NO DP��	 �� 
GUV+� 12LM C�S TAJ"WX �,"'8-+
YZ �� [\]" R1� ^ ZA _`�abZ �cd] e
f Z *2[\]

g�hi ". /j e D S Zk�2 � lV+,"0 . / � B0 A
�	�[\]
 R1� <L RZm12n� o
 " �� pq' )*+,"'8-r�
f 1� �� sDt"� R

�	�uv�w. /A 0I+' Zx y*2�+�� �z{ sDt
"|�}~����9*A 0I+� �� . |�}~��� "� R
�r� <L

Y "|�}~����[\]
 � ��	� RA V0Z��) Zar2. /
�"<+abZ���� e ZS e Z �<���I+,"'� y*
.�-).� � .�� Q0
 R0 2LM �� sDtA � < ��ab< .�

�+abZ ���w�d�� D � � 
 ���� ��� 9�j e-) )*+h
�-) �[\]Zk�2��1� ^ i gA z�� 
�� �V+ e�I+,"'
ZA ��}�d��0� 1�[\]/A K�y*2�+ ,,0A ��	�� D ZX�
 "1� ��'()*+-Zk�2GU1�
A ¡ �" �� ¢ � '£ y* ¤ �¥� ��b¦ � �§<+ ¨

+' R0A �
 �� Zk�2 sDt" ��	9*©*' ª��
. /j e�GU0A ��	«¬��cd] w�d�� D � �� 
u~�1
eZa+S *®¯��� ° La±� h²T �³�
# ZKV ,�#� ´��pqA µ¶ ·


f l 1� �%�' 0I+,"
K12�+,"-) �� s
Rpq¨ 
# ZKV # � A� y*� DtA ��	� �� 
 ª+,"
g�hi #0 R¨ � g� '(2"*+ '8-+ ,� A ��	�. /j e-) �w

,,0A . / Q0 R0�+abZ � gZ �d� ¸. /Zar2§<+³�"fª)*+�Y
¹. � ' R �()*+¨ 
K1� La �� sDt�[\]-)ºm�� D 
» V+��
± A. /j e
 R1�³�0 AD ZA ¼< l'½Y)*+
e AS e

� � � � � �

� 	
 ��� �

�� � � �
�� � � � ��

� � �
� ��� �� �� �

� � � � � �
� ��� � �  

� � !" � # $ % &
' � (# � � � � �

� � ) �� � �
$ � �

� �	
 � � �
*+ � �

� � �
# # �# , -

. /0� 1 � � � 2 3 4�5 1
4�"5 2 � 6 � 7 � (# �

/ /0� ! '� 3 8 �
" � � 2 ��

0�
9 �9 : � � ; 4�"5 4� 3 <

� �9 � =
� (# # 2 �� 2� �

�> + � � ?
$ & �

� < @ � A�0� 2� B
� ' � < � #C � � (#

� � �� D �
� � � "7 < � 2 � E

� (# � �# F &
�#

�

�

�

�

73

B

b . Hz

- B MB

- B MB c

. Hz

- B

MB

. Hz - B

MB

- B Hz ACO

MB Hz

MB Hz

MB

- B

msec .

a - B

Hz

b

c b

MB - B c MB -

++

+0

* + +*

+ 0*** +0 ,**/

0*** +0 ,**/

* + +* *

0*** +0

,**/

* + +* 0*** +0

,**/

0*** +0 +**

,**/ ,**

,**/ +** ,*++

+*

-

,*

,

,*.2

,**/ , ,*

0*** +0

,

+3

+/ * /-

+2 0*** +0

+*

,**/ 0*** +0 ,**/ 0***

+0

�

�



�

�
� �

� � �
� �

� �
� � �

� �
� �

� � �
�

� � � � �
� � � �

� �

��

� � � �

���� ���	 
�� ���� ���� ����� ����

�� !" #$%&'()*+ ,-

./01%&23456'78/9:;< =>?@
AB>C DEF()GHIE =>?@AB>C 

JKLEM NOPQEO>RSQ/=>?@AB>C( ()ITM U*V  WXE
)YPZ[\]46'^_\`.% ab _cdEe'
f ghijk lmI\Fnopq<rst:Tu  ()h=v ijkM E

\wxyzH{| =>? }~E ��&�FU*VG�$�XE
@AB>C()YPZ[\��y ?��kC ZPQ\ M��6'��Ge'
�2z ZPQEMghlmI opq<r�>A �:��P\wxyz�V��Q ��P�i= �

 ()IT\��6'z�%  =>?@A h=vN�ITM G���E���]y3$
B>C()�%F�x �3¡¢.%()£¤ e'�¥ 'PZ>iP R=¦�i= IT_cdEe'
§=Cr79:u _,-yz M _M¨/� )�i>©
,-ª«yz¬ ® ^_G�� �z G�� ª�E¯« �3$'  °±Es

M 91²³%&'�´/9:;<µ¶·4 t:\¸�y3)�E´'^_µ¶ &

� � � � � �

� �

�
�

�

�

74

. Hz MB

Paroscientific MB

- B . . Hz

Model - B Barometer Pa Hz

-

B CTBT CTBT

MB MB - B MB MB

, hPa

- B MB MB

1 ,

* *+ +* ,***

,**/

0*** +0 * *- * ,

0*** +0 +*

0***

+0

,*** ,**/ 0*** +0 ,*** ,**/

2** + +**

0*** +0 ,*** ,**/

+1

�

�

� �

�



� � � �

� �
� � �

�
� � �

� � �
� �

��

� �

�������	
��������
����
��������� 

!"#$%	
� &'()��%*��+ &�,-

./0123&�456 31276
89 :;��<=>� ��?1@ ABCD+�E ,-���FGH3I2�. �JKLKM5
NIOPQ�R SS1�TURV=W=I�<=�XY Z[\]^9�J_I��`a�bcCdef�ghi�
jkl mn@op�q
1 I53r���r
p �stuQ� u� �JvwaI@x=r)y=�bc
Rz{kl3r�p� R|}kli�3 u� ~��x=r���I����tuQ� ������P
��)y=R� kl��23S&�� :�@ I������QuH
	
�������������R��I��IC

�

75

- B MB

:

GPS

- B

-

B

0*** +0 ,**/

0*** +0

0***

+0

+2



� �� �

� �
�

�� �

�
� � �

� �� �

� �
�

� �

� �

��

� �

���� ���	 
�� ���� ���� ����� ����

�� !"#$ %&'()*+,�*-./01

���� ���� ��23 ����� ����
4567895:"�� ;<"=>��?@ABC
DEF�� %&'()*+,�*-./01
���� ���	 
�� ���� ���� ����
� ���� �GH ��IJ KLMN �OPQ

4567895:"�� R58 STUVWX4YZ
6[5\ "]^ %&'()*+,�*-./01

_`ab\R58 Wcdefag
W"hiij

���� ���� ���� 4567895:"��

�

�

�

�

�

�

�

� � � � � �

� � � �

� � � � �
� � � � �

� �

76

Paroscientific Inc., http : //www.paroscientific.com/Nano-Resolution.

CTBTO Preparatory Commission, http : //tfcs.ctbto.org/download

/

.

CTBTO

.

.

attachments / / Portable array. pdf? version &

modificationDate , .

Hedlin, M.A.H., Alcoverro, B. and D’Spain, G., , Evaluation

of rosette infrasonic noise reducing spatial filters, J. Acoust.

Soc. Am , .

Imanishi, Y., , Development of a high-rate and high-reso-

lution data acquisition system based on a real-time operat-

ing system, J. Geod. Soc. Japan, , .

pdf, .

Ponceau, D., Bosca, L., , Infrasound Monitoring for Atmos-
- B

pheric Studies, Springer, .

Yamamoto, R., , Bulletin of the Institute for Chemical

Research, Kyoto University, Supplementary Issue Novem-

ber , .

233

3*,

,*+*

3.1 3/*

,*++

++3+

++3.

.2.31-- ,

+-*./3-+-0*** ,*++

,**-

++. +2*1 +2,*

,**+

.1 /, /1

,**3

,*+*
0*** +0

++3 +-+

+3/.

+3/. +,* --

,**1

+3




