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Technology for imaging the lithospheric structure using earthquakes, such as receiver func-

tions and seismic interferometry, have advanced greatly in the last decade. Three component, low

cost accelerometer sensors have been constructed using Micro Electro Mechanical System (MEMS)

technology, and are providing new opportunities for earthquake observations. To evaluate the fea-

sibility of MEMS sensors for earthquake observations, dense seismic array observations were

carried out using MEMS sensors in Mizusawa district, northern Honshu, Japan, for three months in

. In comparison with observed seismograms of velocity sensors, MEMS sensors show high

performance for local and regional earthquakes. However, due to high-noise levels from the sensor

itself at lower frequencies, MEMS sensors are not adequate for recording teleseismic waves.

: MEMS sensor, earthquake observations, imaging of lithosphere
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Schematic diagram showing the principle of capaci-

tive MEMS accelerometer sensor after Yamada ( ).

Fig. .

Fig. . Frequency and intensity range of acceleration for various objects of oscillation

observation and corresponding accelerometer sensors modified after Ohtake ( ).

MEMS

MEMS Micro Electro-Mechanical System MEMS

MEMS Fig.

MEMS

MEMS MEMS

MEMS MEMS

MEMS

MEMS

Fig.

MEMS

MEMS

MEMS

MEMS

,**0

+

,

,**.

,* , ,**.

+

,

, +



� � ���� �	 
��
� �

� �

� � �
� �

� � � � �
� � �

� �
� � �

� � � � �
�

� � �
� � �

� �
� �

� ��
� �

� �� � �
� � �

� � � �
� � � �

� �
� � � � � � � �

� �
�

� �
� �

� � �
�

� � � �
� �� � �� �

� � � �
� � � � �

� �
� � � �

� � ��
� � � � � �

� � � � � � �
� � � �

� �

� �� �� ���� !� "� # 
��
� $%&'� �%(� )"� �

�* �+'&�'& ,-.� ��
/��0 1/2%&'�� �34 �(

� ��� � � 5 6 1� %&�4 789 � $%&'� / :;
< / =� � >?� @ A $B �� CD � � ECFG 1 
�
H�I J �
��
K � L�!MN � �
�* �

OLNP � L QRS Q� 6>?T
 �U� VW � XYZ%&'�
[
 Q \� Q \ / ] / �%(:;CD ��/^�4 _F`
!( ��K �U4 	 
��
a " �bcd.b
da "�e�1 :;CD �
���� X MN fghi 6� 1 U4e$(�� �� (%&'� / ��
/ 9jk 6�l �L&�4 m�
 �W ECFG 1n� :;CD��
��
�o 6�p $%� �� �8 qgrs� 5 �/^�4 b.dqDt��

u "� < �v �ZMN��� 
� wxcy,
d� XYZ% �_F`g`z

�
K �{>��MN s1bcd.b
d�bqT
q|�}~.d
H (

Q \�K LN 	 
��
 %� 1/ bqT
q|�}~.d
�L
RS Q \�K LN & \� ap L&�4 bc

	 
��
 / '�%e d.b
d � ���z�D��RS}~.d

� �� "�
��
 a�M&'� / �� �� "� bcd. �'O
\�� / ��LN��aLN� �� 1 � � 1 1n� / �
��� a ����1
��
� a� $�& ?� bcd. ��� � �
'� \� / �%�/^�4 ? �p $%&'� 1n� �� a� L �
���%� a����4 a� � ��L ����z�DGCFGa� L � �a �
� a��&'� �OLN 	 
��
/ & � � �� �����z�DGCFGa

6 �>�l �L& XYZ%&'� �$�����J 1n�
L \�
��
 ��'&/ g g¡ �

\�¢£ M&'� \1/ �:;CD�RSbcd.� 9
¢£ 6 �L&� a "�� 	 	 
��
RS,¤
¥���0 a�" Z

��
�L& ¦ a �L&�4 :;CD N ��%(�§ � a�" :;CD
�� l 9 bcd � 	 
��
�¨L&/ \
. �� 9 �©a ªL&'� a:.« �¬ L � ?�
­®1/ � i�U� 6�X�(�� ¤¯Gd i :;CDb
d a LN
� ���� 	 
��
a 'N° !� ±$RS� / �² �$ �
J � %N8 qgrs�P¢J ³ �N� �1 ´ � µ1n� � / 1 ¶
G
� \�:;CD � RSbcd �L&�· / 1n� /� 	 Z
. � �
��
a � �LN N ¸ ¹,-. [dCD /

/ bcd. � �¨ �
��
 1 wº1/ »¼1
� W ���1n� �½ � m� n� L ��
��
/� "� #

��� � �� �	


� �� 
� � �� � ��
� �� � � �� �

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

. / 0 1 23� 4 5 6
0 1 78 9 %& �: �
; * �� <( � %& %&

= > ?@A� � �� �� '
BC��� D �E 5 '
F ( G � H

I� J ��� � 7 6
* K

1 * ��
0 * (

�� %& G
LMN OP 	) �	 Q %& R
S S TU  �V� R *
S I�W � C X Y �Z[ \]*X

^_ ( R <R (
XJ �� `� a �� b �Y c

� �� d e fg
��� (� � 6 h i )

�� R
^Sj

� ( 	) k �� �� �� �� �
� l ^_ % m Gn %

& o �� �� & ��
%& �� p m ^q\rs t Cu \v

Y � ��� ��� 4 w& %& xy
� �� ( � a �
z	 { � )	 | $ z } �

%& ~ a%& & ��
%& 
 /� ~

%&
� �� 5 ' � h GC ��

� � ������	
��
�����

�
�

253

MEMS

Fig. . Outlook of Digital- MEMS accelerometer sensor and its electronics

unit by Colibrys Ltd. ( ).
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Fig. . Block diagram and electrical connections of analog-output type MEMS accelerometer

sensor by Colibrys Ltd. ( ).

Fig. . Block diagram and electrical connections of digital-output type MEMS

accelerometer sensor by Colibrys Ltd. ( ).

.

Volt DC

MEMS

DC Colibrys Digital-

DC

DC mm

.

,**0

/

,**0

+ ,

-

0/�



�� �� ���	 
� �
��� � �

� �� � � �
� �� � � �

� � � �
� � �

� �
� � � � � �
� � � � � �

�� �
� � � � � �

� �
� � � �

�
� �

� �
� � �

�
�

�
� � �

�
� �

�
�

�
�
�

� � �
�
� �

� �

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

1 23456 
 � �
��789�: �; �<	 =/ >%?'* �@ 9
A9 <. B*C D/ �9 6 �! � �>EF�EG
HI'?��J D-.	 K
LM	 N�"�#��	 OP! �Q."�#� HI'?� �9 RST�O�ST�; �� �
9 UVW�XY� � Z:A[\' �8 �
]^
5_ `9O abO�
9 �c +,-.	 d =��; �<	 e 9>%?'>�?6
?45 fg- 23456 
 � �
 �/1�hiF�?j � M k:
?�Hl�
�� � D/mn �oZ:A[ p* 6 >�?qr�s	/1�* �
]^

\'9 ��8 <tQu v+,-.	�w 5x4Vx�yz* M{ | � M* q �}
~b,	 D  ,9@ ���D/ ��8 � 	 ��	
�� >�?�9��}	 � =���L9�
b,Mag/  �Q! "�#�9 � 0
9 ��8 �:3�Vx[
% ��q � �
��q ./� aN� ��
D-.	  �"�#�9 ab ! �=�� ,/� Ep������ ����/1�


�� � �
��q�� �� Ep���D
- 23456 
��>%?'6 
��
��q�
�D/� � q� ��D/ 23456
� �
���7	Ep���D-9 ��

q �D/�� � �
��� � �
�� n¡¢£¤� [¥����^¦§�:
¨
©V�^qª D/� � qC D/ �
Ep��« �|�q =/ q¬­« ��
Ep��®�¯q �°} 23456
� �
��� ± �9 �² � �N.-
�YX � � � q³´}	 µ* q¶Y·
¸��	
¹� >%?'6 � �
���7	�
� 9 �� �� � �


��� � ��� n¡¢£¤� [E�© º
» ¼� >�?4½�� ��^¦§�:¨
©V
�^qª D Ep��vD/P���	 �E

� � �� � �

� 	 	 
 � � �� ��

� � � � � �� ��


� �� � ��� � ��
� � � � � � �

� � � � 	
� �

� � �
� � �� �� � !

"# � � �
$� � � � � � � �
% �& � � 

�� �
� �� ��


' �� � ( � )
*+ ' � , � 	

� �� � �
� �

, - ." �
��

/ � �� �

0 , - �
1 1

, �
�� 2 31/ + �
� �� � 4 �

� ��
, - � ��

�
5 - -

0

� � ������	
��
�������
�������

��

255

Outlook of earthquake observation system employed

with analog-output type MEMS accelerometer sensor.

MEMS

Fig. .

Table . Main specifications of MEMS accelerometer sensors.
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Table . Basic specification of the recording system employed with digital-output type MEMS accelerometer sensor.

Fig. . Configuration of earthquake observation system employed with analog-output type

MEMS accelerometer sensor.

Fig. . Outlook of earthquake observation system employed with digital-output type MEMS accelerometer sensor.

MS

Fig. MEMS

MEMS

MEMS

,

1

2

,***

3

, .



�������	
� �
�����������

� � �
� �

� � � � �
� �

� �
� �

� � � � �
� � � �

� �

���� � !"���#$%&'()*+�,)� -./01� 23��4 56789:�(;<=>
0?@-A�B(C �D���EFGH-1� B� 9:��#$IJ�KLM% (N�OP�QR/01
�STU !F�V� WX�����,YZ/ [� � B\U�]TU #$C^_F`/0a�% bc
d>eIf,ghi�jB/ 23;�=,?@/� fkl�#$�Fm�no�pq)rU\�B(%sT

�56789:�(;<=>9:� 
 � B\C ����tu�$vwxym�tuz{|
������-?@/�#$(}~��,.� ��# �Z tu���v���a�O���N�%��U\
$C ��8����TUbcf � bcf � � � �B- B\U��H%23i�a��fkl�
�f ���� 5678�,�� ;<=>�,b� ;�=��/ IJ(��e���> IJ2,(�2

257

MEMS

Fig. . Configuration of earthquake observation system employed with digital-output type

MEMS accelerometer sensor.

Fig. . Comparison of observed waveforms of impulsive seismic source by analog-output type and digital-output

type MEMS accelerometer sensors. Right-hand side shows figures of spectrum comparison (top), amplitude ratio

(middle), phase di erence (bottom).
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Fig. . Observed waveform of vibrator sweep seismic source by analog-output type MEMS accelerometer

sensor. Sweep frequency : Hz, Sweep length : sec., Taper length : . sec.

Fig. . Observed waveform of vibrator sweep seismic source by digital-output type MEMS accelerometer

sensor. Sweep frequency : Hz, Sweep length : sec., Taper length : . sec.
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MEMS

Fig. . Waveform of ground noise observed late at night by analog-output type MEMS accelerometer sensor.

Fig. . Amplitude spectrum of ground noise observed

late at night by analog-output type MEMS accelero-

meter sensor.
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Fig. . Waveform of ground noise observed late at night by digital-output type MEMS accelerometer sensor.

Fig. . Amplitude spectrum of ground noise observed

late at night by digital-output type MEMS accelero-

meter sensor.
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MEMS

Fig. . Location map of the dense seismic array observation in Mizusawa district,

northern Honshu, Japan. Small square dots show the observation stations.
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Fig. . Example of observed earthquake (Type-A).
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MEMS

Fig. . Example of observed earthquake (Type-A). After applying band-pass filter : . . Hz.

Fig. . Comparison of amplitude spectrum for horizontal component of Digital-MEMS and . Hz geophone

sensor (Lennarz LE- D). Time integration was applied to the observed record of Digital MEMS.
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Fig. . Example of observed earthquake (Type-B). After applying band-pass filter : . . Hz.

Fig. . Example of observed earthquake (Type-B). After applying band-pass filter : . . Hz.
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MEMS

Fig. . Example of observed earthquake (Type-C). After applying band-pass filter : . . Hz

Table . Combination of various profiling method. Table shows profiling methods, which

employ controlled seismic source and natural earthquake data, and corresponding resultant

subsurface profile and related seismic sensors.
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