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xn = Ae�rn�t cos(!n�t)
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f220 = 271.8 Hz, f221 = 266.0 Hz, f222 = 254.7 Hz

f210 = 380.7 Hz, f211 = 225.7 Hz, f200 = 252.8 Hz
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f320 = 387.9 Hz, f310 = 351.1 Hz, f300 = 320.3 Hz
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fitting the data with noise 
=> we do not need a fitting function which passes all the data 
　 (overfitting, 過適合) 

=> rather we should find a fitting as it has more zero-components 
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datasignal redundant dictionary

with many zero components
=> minimize

157PYHHQP�AOPTQHP��AOPT6HQ[9[=Y[�288=�HSV0ALT.HP��
�	��	
�,�-



ee7PYHHQP�AOPTQHP��=YHQH�8TY=��BLJO� ���1;LH�]8;QYO8V�
�
��'PT=L;�6;8[V�1�JHSV�8M�=OL�a8TT8?H=P?L�@LYLH;JO.�6'�NLTLYPYd��
�
��9HT�		�0�2P]HQ8 
,

_�A[L]AP�1�LA�;CNS�eP]=�N=;[=YPY_A

>4DDA��WPLA_�LMA=WC_P�AS]TYVLRP�LYO�APWPN_T=Y�=[P]L_=] 

>4DDA

l�P]]=]

k�>
�Y=];k�>
�Y=];

ETMAST]LYT��
//, 

D[L]AP�?=OPWTYR



ee7PYHHQP�AOPTQHP��=YHQH�8TY=��BLJO� ���1;LH�]8;QYO8V�
�
��'PT=L;�6;8[V�1�JHSV�8M�=OL�a8TT8?H=P?L�@LYLH;JO.�6'�NLTLYPYd��
�
��9HT�		�0�2P]HQ8 
-

-6 -4 -2 2 4 6

-6

-4

-2

2

4

6

-6 -4 -2 2 4 6

-6

-4

-2

2

4

6

GSd�>
�Y=];�N=YA_]LTY_�;LVPA�A[L]AP�A=WC_T=Y3

β1 β1

β2 β2

k�>
�Y=];k�>(�Y=];

CTROP�CPR]PAAT=Y >4DDA



ee7PYHHQP�AOPTQHP��=YHQH�8TY=��BLJO� ���1;LH�]8;QYO8V�
�
��'PT=L;�6;8[V�1�JHSV�8M�=OL�a8TT8?H=P?L�@LYLH;JO.�6'�NLTLYPYd��
�
��9HT�		�0�2P]HQ8 
.

>4DDA�aL]TL_T=YA�



ee7PYHHQP�AOPTQHP��=YHQH�8TY=��BLJO� ���1;LH�]8;QYO8V�
�
��'PT=L;�6;8[V�1�JHSV�8M�=OL�a8TT8?H=P?L�@LYLH;JO.�6'�NLTLYPYd��
�
��9HT�		�0�2P]HQ8 
/

=]TRTYLW Y=TAPO

8cP]NTAP�=4�#=TAP�CP;=aTYR



ee7PYHHQP�AOPTQHP��=YHQH�8TY=��BLJO� ���1;LH�]8;QYO8V�
�
��'PT=L;�6;8[V�1�JHSV�8M�=OL�a8TT8?H=P?L�@LYLH;JO.�6'�NLTLYPYd��
�
��9HT�		�0�2P]HQ8 (


Y=TAPO

8cP]NTAP�=4�#=TAP�CP;=aTYR
?PLY�5WC]

� ]P;=aP�A;LWW�ANLWP�Y=TAPA��>=b�BLAA�fW_P] �
� 8ORP�TA�A;==_SPO

S__[0��WLMA�PPNA�_=__=]T�C�LN�8[�AO�?P;MP]�=dL;LOL�A[PY6F�S_;W�[dK_C_=]TLWA�[dKT;R[]=N�[dKfW_P]TYR�[dKfW_P]TYR�S_;W



ee7PYHHQP�AOPTQHP��=YHQH�8TY=��BLJO� ���1;LH�]8;QYO8V�
�
��'PT=L;�6;8[V�1�JHSV�8M�=OL�a8TT8?H=P?L�@LYLH;JO.�6'�NLTLYPYd��
�
��9HT�		�0�2P]HQ8 ((

Y=TAPO

8cP]NTAP�=4�#=TAP�CP;=aTYR
:LCAATLY�5WC]

� 6PY_P]�NPWW�TA�P;[SLATePO�
� :==O�4=]�]P;=aTYR�bST_P�Y=TAPA�
� 8ORP�TA�A;==_SPO



ee7PYHHQP�AOPTQHP��=YHQH�8TY=��BLJO� ���1;LH�]8;QYO8V�
�
��'PT=L;�6;8[V�1�JHSV�8M�=OL�a8TT8?H=P?L�@LYLH;JO.�6'�NLTLYPYd��
�
��9HT�		�0�2P]HQ8 ()

8cP]NTAP�=4�#=TAP�CP;=aTYR
>4DDA

S__[A0��W[�_PNS�YP_�L]_TNWPA�6H(=Y



ee7PYHHQP�AOPTQHP��=YHQH�8TY=��BLJO� ���1;LH�]8;QYO8V�
�
��'PT=L;�6;8[V�1�JHSV�8M�=OL�a8TT8?H=P?L�@LYLH;JO.�6'�NLTLYPYd��
�
��9HT�		�0�2P]HQ8 (*

8cP]NTAP�=4�#=TAP�CP;=aTYR
>4DDA



ee7PYHHQP�AOPTQHP��=YHQH�8TY=��BLJO� ���1;LH�]8;QYO8V�
�
��'PT=L;�6;8[V�1�JHSV�8M�=OL�a8TT8?H=P?L�@LYLH;JO.�6'�NLTLYPYd��
�
��9HT�		�0�2P]HQ8 (�

8cP]NTAP�=4�#=TAP�CP;=aTYR
E=_LW�FL]TL_T=Y��5]PR;LY��_P]L_T=Y 

O==VY.��RV�=LJO�TL=�H;=PJRLY�=Q!5;�?PL]

https://lp-tech.net/articles/tkPFr/view


ee7PYHHQP�AOPTQHP��=YHQH�8TY=��BLJO� ���1;LH�]8;QYO8V�
�
��'PT=L;�6;8[V�1�JHSV�8M�=OL�a8TT8?H=P?L�@LYLH;JO.�6'�NLTLYPYd��
�
��9HT�		�0�2P]HQ8 (,

8cP]NTAP�=4�#=TAP�CP;=aTYR
E=_LW�FL]TL_T=Y��5]PR;LY��_P]L_T=Y 



ee7PYHHQP�AOPTQHP��=YHQH�8TY=��BLJO� ���1;LH�]8;QYO8V�
�
��'PT=L;�6;8[V�1�JHSV�8M�=OL�a8TT8?H=P?L�@LYLH;JO.�6'�NLTLYPYd��
�
��9HT�		�0�2P]HQ8 (-

=]TRTYLW Y=TAPO

:LCAATLY >4DDA E=_LW�FL]TL_T=Y

8cP]NTAP�=4�#=TAP�CP;=aTYR



ee7PYHHQP�AOPTQHP��=YHQH�8TY=��BLJO� ���1;LH�]8;QYO8V�
�
��'PT=L;�6;8[V�1�JHSV�8M�=OL�a8TT8?H=P?L�@LYLH;JO.�6'�NLTLYPYd��
�
��9HT�		�0�2P]HQ8 (.

9T]A_��;LRP�=4�L�MWLNV�S=WP�0�NPY_P]�=4�?.-

vyno��		wzu https://alma-telescope.jp/news/press/eht-201904

aAJPLTJLd���2;LHQ=O;8[NO�8M�=OL�ELH;�
�	-



�YOP[PYOPY_�;P_S=OA0��
22TYaP]AP�;=OPWTYR��6>84# ��_SP�A_LYOL]O�OPN=Ya=WC_T=Y�;P_S=O��
224=]bL]O�;=OPWTYR��C?> ����]PRCWL]TePO�;LcT;C;�WTVPWT4==O�
������������������������������������������������NWLAATNLW�;LcT;C;�PY_]=[d�;P_S=O 







Application plans of Sparse-Modeling to GW data analysis
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alternative linear-regression method

noise erasing method

detection algorithm in neural net
time series online prediction



▲ 
GWdata 

▲ 
signal model

penalized spline method

||

SEECR (spline enabled effectively-chirp regression)


